


© 2024, Fisheries Society of Nigeria (FISON)

ISSN: 1117-3149

BOOK OF PROCEEDINGS
FOR THE

39TH ANNUAL
NATIONAL CONFERENCE

OF

FISHERIES SOCIETY OF NIGERIA
(FISON) “ABUJA 2024”

National University Commission (NUC)
and Raw Materials and Research and

Development Council (RMRDC), FCT,
Abuja, Nigeria.

HELD AT

28TH OCTOBER-1ST NOVEMBER 2024



BOOK OF PROCEEDINGS
FOR THE

39TH ANNUAL
NATIONAL CONFERENCE

OF

FISHERIES SOCIETY OF NIGERIA
(FISON) “ABUJA 2024”

Editors
Prof. E. K. Ajani, Ffs

Dr. O. R. Oguntade, Ffs

Dr. A. B. Dauda
Prof. O. A. Sogbesan, Ffs

Dr. V. T. Okomoda

ii



Dr. O. R. Oguntade, Ffs 

Dr. S. Ohaturuonye Mfs 

National Treasurer 

Prof. Keziah V. Absalom, Ffs 

Vice President, Aquaculture

Vice President, FIN & Linkages

Prof. O. A. Sogbesan, Ffs 

Dr. A. Babangida, Mfs 

Dr. G. S. Adaka, Mfs 

National Secretary 

Prof. A. M. Orire, Mfs 
Vice President, Industries

Asst. National Secretary

Vice President, Research and Training

Princess Victoria O. Ojelade, Ffs 

Financial Secretary 

FISHERIES SOCIETY OF NIGERIA (FISON)
NATIONAL EXECUTIVE COUNCIL

Dr. Ebinimi J. Ansa, Ffs
National President

Ex-Officio

Prof. E. K. Ajani, Ffs 

Alhaji S. S. Baffa 

Public Relations Officer 

Mr. Femi Akande  

Dr. Awawu Dasuki, Mfs 

Executive Director, NIFFR 

Patrons

Mr. J. S. Dabit, Mfs 
Liaison Officer (Abuja)

National Editor

Executive Director, F.D.F  
Executive Director, NIOMR 

Major General P. U. Omu (Rtd)

2. Mr. A. O. Abioye, Ffs – Chairman

6. Mr. I. E. Pwaspo, Ffs

9. Mr. S. M. Hassan 

12. Prof. Bilikisu A. Shinkafi 

3. Mr. J. S Debit – Secretary

5. Dr. Charity Obetta - Treasurer

1. Dr. O. R. Oguntade, Ffs – NEC Representative/ Conference Coordinator
FISON ABUJA 2024 LOCAL ORGANISING COMMITTEE (LOC)

4. Mrs. Khadija M. Salisu – Assistant Secretary  

7. Mr. F. C. Nwokedi,  Ffs
8. Dr. Hauwa O. Sadiq 

10. Mrs. Mfon Archibong
11. Mr. A. I. P. Aruoshla Lord

16. Mr. I. Makadas
17. Prof. S. A. Okunsebor

14. Alhaji I. Abubakar
15. Mrs. Collette A. Sani

13. Prof. A. S. Dankishiya 

iii



2. Dr. Ebinimi J. Ansa, Ffs 
3. Princess Victoria O. Ojelade, Ffs 

1. Prof. A. M. Orire, Ffs - Chairman

3. Mrs. Khadija M. Salisu 

4. Prof. O. A. Sogbesan, Ffs- Member

EDITORIAL SUB-COMMITTEE

2. Dr. O. R. Oguntade, Ffs – Deputy Conference Editor
3. Dr. A. B. Dauda – Secretary

1. Prof. E. K. Ajani, Ffs – Conference Editor

FINANCE AND FUND-RAISING COMMITTEE

5. Dr. V. T. Okomoda – Member

1. Mr. A. O. Abioye, Ffs – Chairman

4. Prof. Keziah V. Absalom, Ffs 
5. Mrs. Ben Okonkwo, Ffs 

REGISTRATION SUB-COMMITTEE 

2. Mr. E. O. Faminu

2. Mr. J. S. Dabit, Mfs- Secretary

5. Mr. P. Opuama
6. Mr. I. Makadas

3. Mr. S. M. Hassan 

7. Dr. A. Babangida

VENUE, ACCOMMODATION, AND LOGISTICS SUB-COMMITTEE MEMBERS

CEREMONIAL AND ENTERTAINMENT SUB-COMMITTEE

4. Mr. F. C. Nwokedi,  Ffs

1. Mr. A. I. P. Aruoshla Lord - Chairman

1. Mr. I. E. Pwaspo, Ffs - Chairman

2. Mrs. Mfon Archibong

4. Mrs. Collette A. Sani

5. Dr. Hauwa O. Sadiq – Secretary

PROTOCOL AND OPENING CEREMONY SUB-COMMITTEE 

3. Dr. P. I. Ifejika

3. Dr. Charity Obetta 

3. Dr. O. R. Oguntade, Ffs 

1. Prof. (Mrs.) Bilikisu A. Shinkafi - Chairman
2. Prof. A. S. Dankishiya 

EXCURSION SUB-COMMITTEE 

1. Alhaji I. Abubakar, Ffs - Chairman
2. Prof. O. A. Sogbesan, Ffs 

4. Mr. A. I. P Aruoshla Lord 

iv



PUBLICITY SUB-COMMITTEE COMMITTEE

2. Prof. A. M.  Orire, Ffs

5. Dr. S. Ohaturuonye

3. Mr. J. S. Dabit 

1. Mr E. O. Faminu - Chairman

4. Dr. A. Babangida 

4. Dr. A. B. Dauda – Federal University Dutsin-Ma, Katsina

16. Prof. A. M. Orire - University of Abuja, Abuja

1. Prof. E.K. Ajani, Ffs – University of Ibadan

3. Dr. O. R. Oguntade, Ffs - Nigerian Institute for Oceanography and Marine Research (NIOMR) Lagos

6. Dr. O. Orisasona - Obafemi Awolowo University, Ile Ife, Osun

2. Dr Ebinimi J. Ansa, Ffs – African Regional Aquaculture Centre (ARAC) of the Nigerian Institute 
for Oceanography and Marine Research (NIOMR), Rivers

11. Dr. O. A. Akinrotimi – Mariculture Department of the Nigerian Institute for Oceanography and 
10. Dr. O. A. Nurudeen - Federal College of Freshwater Fisheries Technology, Baga, Borno

 Marine Research, Buguma, Rivers

5. Prof. S. O. Ayoola, Ffs – University of Lagos

12. Dr. Olaitan Olajuyigbe - Nigerian Institute for Oceanography and Marine Research (NIOMR), Lagos
13. Prof. Onome Davies, Ffs- River State University, Port Harcourt
14. Dr. B. O. Musa, Ffs– Federal College of Fisheries and Marine Technology, Lagos
15. Prof. E. Ndimele – Lagos State University, Ojoo Lagos

8. Dr. V. T. Okomoda – WorldFish Centre, Ibadan

MANUSCRIPT REVIEWERS' ACKNOWLEDGEMENT

7. Prof. A. O. Sogbesan, Ffs – Modibbo Adama University, Yola

9. Dr. Precious Ayawei - Potchefstroom Campus North-West University, South Africa

17. Dr. O. K. Kareem – University of Ibadan
18. Dr. M. Y. Abubakar - Usmanu Danfodio University Sokoto
19. Dr. Precious Ayawei – Potchefstroom Campus North-West University, South Africa
20. Dr. S. Ogah - Joseph Sarwuan Tarka University, Makurdi (JOSTUM).

v



2. Mentorship Programmes: Establish mentorship programmes that pair early-career researchers 
 with experienced mentors. This initiative can provide guidance and support, helping new 

 the necessary skills to enhance the quality of their research outputs.

First and foremost, I wish to extend heartfelt thanks to the members of the conference editorial team. 
Your unwavering support, dedication, and passion have been instrumental in bringing this conference to 
fruition. The countless hours spent reviewing manuscripts, organizing sessions, and ensuring the smooth 
running of the event have not gone unnoticed. Your collective efforts have not only enriched the quality of 
this conference but have also set a high standard for future gatherings. Your hard work and meticulous 
attention to detail have been invaluable, ensuring that this event was executed seamlessly

The Conference Editor Report- 39th Annual Conference of the Fisheries Society of Nigeria 
Date: 28th October to 1st November 2025 Location: National Universities 
Commission, Aja Nwachukwu House, Maitama District, Raw Material Research 
and Development Council (RMRDC), 17 Aguiyi Ironsi Street, Maitama District, 
Garki, Abuja.

The Esteemed Members of the Fisheries Society of Nigeria (FISON) and Distinguished Participants of 
the 39th Annual Conference, as we reflect upon the enriching experience of the 39th Annual FISON 
Conference held in Abuja, Nigeria from October 28 to November 1, 2024, it is with a deep sense of 
gratitude and admiration that I pen this editorial report.

This year, we received an impressive 248 manuscripts from researchers across the country. Each 
submission was a testament to the vibrant and dynamic nature of our field. However, maintaining the 
high standards of peer review that we uphold, only 184 manuscripts were able to survive the rigour of 
our review process. This selection process, though challenging, ensures that the research presented at 
our conference is of the highest quality and relevance. This highlights the critical need for stringent 
quality control and adherence to high research standards. Manuscripts that did not meet the criteria 
were returned with detailed feedback for improvement.

The 39th Annual Conference of the Fisheries Society of Nigeria has been a monumental event, drawing 
experts, researchers, and enthusiasts from across the country. The conference was a platform for sharing 
groundbreaking research, discussing crucial issues, and fostering collaborations within the fisheries 
community. Our gathering brought together a diverse and dedicated group of professionals, researchers, 
and practitioners committed to advancing the field of fisheries and aquaculture in Nigeria and beyond.

While appreciating the effort of contributors, there is a need for substantial improvement in the quality 
of research carried out by members and the manuscripts submitted. This conference exposed a 
concerning trend of declining research standards, which must be addressed to maintain the credibility 
and impact of our work.  It is important to acknowledge the need for continuous improvement in the 
quality of research and standards of manuscripts produced by our members. The peer review process 
revealed several areas where enhancement is necessary, including clarity in research objectives, 
robustness of methodology, and thoroughness in data analysis. 

To address these challenges and elevate the standards of research within our association, I propose the 
following strategies:

 methodology, data analysis, and academic writing. These sessions can provide members with 
1. Workshops and Training: Organize regular workshops and training sessions focusing on research 
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The payment of token to conference sectional reviewers for their efforts proved to be a significant 
motivator, encouraging thorough and timely reviews. Ensuring the timely production of the proceeding 
was a major achievement and a practice that must be continued in future conferences. The streamlined 
process demonstrated that with adequate planning and execution, timely dissemination of research 
findings is achievable. However, one notable shortfall from this conference was the failure to migrate 
the best manuscripts to the association's journal as promised. This was largely due to the failure of 
sessional chairpersons to select the best manuscripts from each session as suggested. Doing so now may 
lead to delays in the release of the proceeding. It is essential to address this in future conferences to 
uphold our commitment to showcasing top-tier research.

3. Ensure professionalism in manuscript handling and communication with authors and reviewers.

 strive for higher standards in their work.

 authors improve their manuscripts before submission.

 high-quality manuscripts. Recognizing and rewarding excellence can motivate members to 

3. Collaborative Research Projects: Encourage collaborative research projects that bring together 

5. Incentives for Quality Research: Introduce awards and recognition for outstanding research and 

 rigorous review process. Well-trained reviewers can provide constructive feedback that helps 

 researchers navigate the complexities of high-quality research and publication.

1. Emphasize the importance of timely manuscript submission to ensure a smooth review process 

2. Reinforce adherence to high-quality standards in research and manuscript preparation.

4. Peer Review Training: Offer training programs for peer reviewers to ensure a consistent and 

 researchers with diverse expertise. Such collaborations can lead to more comprehensive and 

 and timely production of the proceedings.

 robust studies, benefitting from the strengths of multiple researchers.

The 38th Annual FISON Conference provided valuable insights and lessons that will guide our future 
endeavours. Key takeaways include: 

In conclusion, as we move forward, let us build upon the successes of this conference and strive to 
address the areas of improvement identified. Together, we can enhance the quality of research within 
our association and contribute to the advancement of fisheries and aquaculture. Once again, I extend 
my deepest gratitude to all who contributed to making this conference a resounding success. Your 
dedication and passion are the driving forces behind our collective achievements. 

Professor E. K. Ajani

 development, and the value of fostering a supportive and inclusive research community.

Conference Editorial Chairman

4. Implement best practices from this conference, such as early planning, regular check-ins with 

5. The importance of interdisciplinary collaboration, the need for continuous professional 
 sessional chairpersons, and clear communication of expectations.

The 39th Annual Conference of the Fisheries Society of Nigeria has been an enlightening and 
productive event, thanks to the collective efforts of all involved. As we reflect on the successes and 
challenges, we remain committed to continual improvement, upholding high standards of research, 
and fostering a vibrant and collaborative community.
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2.0 HIGHLIGHTS OF THE CONFERENCE  

The event commenced with pre-conference training workshops on 28 October 2024, focusing on 
essential topics such as "Using R Innovative Research Outcomes in Fisheries Science and Policy 
Development" and "Strategies and Methodologies for Writing in High-Impact Journals." 

The 39th Annual Conference of the Fisheries Society of Nigeria (FISON) was successfully 
convened in Abuja from 28th October to 1st November 2024. Under the theme "Unlocking the 
Investment Potential of Nigeria's Blue Economy: Advancing the Fisheries and Aquaculture 
Sector for Sustainable Development," the conference attracted over 300 participants, including 
government officials, fisheries professionals, fish farmers, research institutions, private sector 
operators, and students of fisheries.

1.0 INTRODUCTION

The official opening ceremony was held on 29th October 2024, with His Excellency Alhaji 
Isiaka Adegboyega Oyetola, CON, Minister of Marine and Blue Economy, declaring the 
conference open on behalf of His Excellency President Bola Ahmed Tinubu, GCFR.

• Public-Private Partnerships: Ongoing collaborations between the public and private sectors were 
highlighted as key strategies to boost investments in the fisheries sector.
• Fisheries Management Initiatives: The ministry is currently implementing initiatives aimed at 
effective fisheries management, investment in aquaculture development, enhancement of post-
harvest infrastructure, promotion of innovation, and encouragement of multi-stakeholder 
collaborations.

• Transition to a New Ministry: The successful transition of the fisheries department to the Ministry 
of Marine and Blue Economy has resulted in notable progress, including increased local feed 
production and reduced reliance on fish imports.

During the conference, several key points were addressed:

• Commendation for FISON's Efforts: Mrs. Didi Esther Walson-Jack, OON, the Federation's Head 

• Sustainable Development Goals: The FISON National President emphasized the critical role of 
fisheries and aquaculture in contributing to the United Nations' sustainable development goals.

• Commitment to Fish Production: The Minister of Marine and Blue Economy reiterated the 
ministry's dedication to achieving self-sufficiency in fish production and enhancing Nigeria's role as a 
significant exporter of fish and fisheries products.

• Fisheries Institute of Nigeria Charter Bill: The National President also called for the Minister's 
assistance in realizing the Fisheries Institute of Nigeria Charter bill, which has already passed through 
the National Assembly twice.
• Collective Action for Sustainable Development: Participants emphasized the need for collective 
action among stakeholders to address the challenges facing the fisheries and aquaculture sectors and to 
promote sustainable development and economic transformation.

COMMUNIQUE OF THE 39TH ANNUAL CONFERENCE OF THE
FISHERIES SOCIETY OF NIGERIA (FISON) HELD AT NATIONAL
UNIVERSITY COMMISSION (NUC) AND RAW MATERIALS
RESEARCH AND DEVELOPMENT COUNCIL (RMRDC) FEDERAL
CAPITAL TERRITORY, ABUJA FROM 28TH OCTOBER -
1ST NOVEMBER, 2024
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• Addressing Challenges: Recognition of the myriad challenges hindering the growth and 
contribution of fish farmers to Nigeria's economy necessitates collective action from all participants.

• Commitment to Sustainable Practices: Consensus among Nigerian fish farmers and policymakers on 
their commitment to sustainable practices while recognizing their substantial challenges, and calls 
were made for targeted interventions. Proposal for strategic interventions includes:

• Sustainable Coastal and Marine Tourism: Efforts to create a master plan for sustainable coastal 
and marine tourism were mentioned. The plan aims to minimize environmental impacts while 
fostering fisheries investment.

of Service, commended FISON for its contributions to research, capacity building, and the 
preservation of fish diversity, wishing all participants fruitful deliberations.

• Challenges and Opportunities: Discussions highlighted that despite the sector's potential, it faces 
challenges such as institutional constraints, climate change, and environmental variability, which 
hinder socio-economic contributions.

• Stakeholder Collaboration: Acknowledgment of the need for collaboration among various 
stakeholders to address the fisheries sector's challenges and enhance productivity.

• Transboundary Cooperation: Emphasizing the importance of marine spatial planning was also 
identified as a crucial aspect of the sustainable development of fisheries resources.

• Role of Biotechnology: Highlighting the necessity for stakeholders to engage in discussions on the role of 
biotechnology in creating a sustainable aquaculture environment, with a focus on food security.

• Keynote Address: Dr. Mohammed Seisay from the African Union – Inter-African Bureau for Animal 
Resources (AU-IBAR) delivered a keynote address on the potential of Nigeria's blue economy, underlining the 
investment opportunities within Africa's marine and freshwater ecosystems.

• Governance Enhancements: Since 2010, the African Union has made strategic decisions to 
enhance governance in fisheries and aquaculture through coordinated policy frameworks for equitable 
socio-economic development.
• Alignment with National Policies: The AU supports Nigeria in aligning its national policies with 
continental frameworks to facilitate investments and development in the blue economy, emphasizing 
sustainable use, conservation of aquatic resources, gender considerations, climate resilience, and 
private sector investment mechanisms.

• Innovation and Investment: There are urgent calls for innovation and increased investment in 
aquaculture to harness Nigeria's aquatic resources effectively while ensuring environmental 
conservation.

¯ Development of infrastructure to support the sector.
¯ Establish fish broodstock banks and diversify fish species.

¯ Improved access to education and resources for fish farmers.

3.0 CONCLUSION  

¯ Establishment of quality fish feed plants.
¯ Implement supportive government policies addressing climate change and land tenure issues in the 
fisheries sector.

The conference successfully provided a platform for diverse stakeholders to unite, share knowledge, 
and collaborate on the pathways to a sustainable fisheries and aquaculture sector in Nigeria. The 
FISON community remains committed to advancing the industry's interests and contributing to the 
broader objectives of national development and food security.

• FISON Fellowship Award: The conference witnessed the conferment of fellowship awards on 19 
professional members of FISON, an honourary fellowship on His Excellency President Bola Ahmed 
Tinubu, GCFR, and several other awards to dignitaries.

We appreciate all participants, speakers, and sponsors for their contributions to the 39th Annual 
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Date of Issuance: November 1, 2024  

Conference's success and look forward to continued collaboration in advancing Nigeria's fisheries and 
aquaculture sector.

For further information, please contact: www.fison.org.ng  

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE  OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA 2024



His Excellency, The Honourable Minister, Federal Ministry of Marine and Blue Economy, Alhaji 
Adegboyega Isiaka Oyetola CON

ADDRESS OF THE NATIONAL PRESIDENT DR EBINIMI JOSEPH 
ANSA (Ffs) AT THE 39TH ANNUAL GENERAL MEETING AND 
CONFERENCE AND THE 20TH FELLOWSHIP INVESTITURE AND 
AWARDS CEREMONY OF THE FISHERIES SOCIETY OF NIGERIA 
(FISON) HELD AT THE NATIONAL UNIVERSITIES COMMISSION 
(NUC), MAITAMA, ABUJA ON 29TH OCTOBER 2024

His Excellency, The President of the Federal Republic of Nigeria and Commander in Chief of the Armed 
Forces, President Bola Ahmed Tinubu GCFR

Members of the National Executive Council of FISON

Distinguished Students

Gentlemen of the Press

Executive Secretaries & Director-Generals of Commissions and Councils here present

Board of Trustees of FISON
All Past Presidents of FISON

The Honourable Minister, Federal Ministry of Agriculture and Food Security, Senator Abubakar Kyari CON
The Honourable Minister of State, Federal Ministry of Agriculture and Food Security, Senator (Dr) 
Aliyu Sabi Abdullahi CON

The Vice Chancellor, University of Abuja and other Vice Chancellors

Federal and State Directors of Fisheries

Our great Fishers and Fish Farmers

The Senators and Honourable Members of the House of Representatives of the National Assembly

Distinguished Members of FISON

Chairman/Former Chairmen Council of Fellows and all Fellows

The Head of the Civil Service of the Federal Republic of Nigeria, Mrs. Didi Esther Walson-Jack OON, mni

His Excellency, The Honourable Minister of the Federal Capital Territory, Barrister Nyesom Ezenwo 
Wike CON

The Permanent Secretary, Federal Ministry of Marine and Blue Economy, all other Permanent 
Secretaries here present

Executive Directors of the Research Institutions here present
Rectors and Provosts, of our Fisheries Colleges and Polytechnic

Presidents and Captains of Fisheries Industries and Associations

Distinguished Guests,

Ladies and Gentlemen,

It is with great pleasure and gratitude to God Almighty that I welcome you all to the 39th Annual 
Conference and General Meeting as well as the 20th Fellowship Investiture and Awards Ceremony of the 
Fisheries Society of Nigeria, ABUJA 2024. The conference theme “UNLOCKING THE INVESTMENT 
POTENTIAL OF NIGERIA'S BLUE ECONOMY: ADVANCING THE FISHERIES AND 
AQUACULTURE SECTORS FOR SUSTAINABLE DEVELOPMENT” aligns with the global trend in 
seeking ways of improving the economies of both coastal and inland states and represents a defining 
moment for our society and our country Nigeria. Our discussions, deliberations, and resolutions over the 
coming days will play a crucial role in shaping the future of Nigeria's blue economy, particularly our 
fisheries and aquaculture sectors, which are integral to the United Nation's sustainable development goals.
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A key priority of FISON is the urgent need for the formal establishment of the Fisheries Institute of 
Nigeria (FIN). As we all know, professionalizing the fisheries and aquaculture sectors will not only 
enhance capacity but will ensure that we operate within globally accepted standards. Therefore, I use 
this platform to call on the Honourable Minister of Marine and Blue Economy to sponsor the FIN Bill 
as an Executive Bill to be presented to the National Assembly.

Our national formations include:

• The National Executive Council

 management, aquaculture operations, and marine resource sustainability.  

• The National Association of Fisheries Students

· Provide a structured framework for capacity building, certification, and 

 direction and advocacy,  professional development and recognition.

• The Board of Trustees

• The Congress
• The State Chapter Formations

• The Forum of National Presidents (in view)

•
Your Excellencies, Ladies and gentlemen, today we are gathered here to witness the opening of the 5-
day conference and the Fellowship Investiture Awards of the Fisheries Society of Nigeria, and to 
unlock the vast potentials of Nigeria's aquatic ecosystems and showcase investment opportunities that 
will transform our fisheries and aquaculture sectors into dynamic engines of economic growth, fish 
protein availability, and job creation. But to achieve this, we must collectively address several critical 
issues. Permit me, Sir to highlight these issues one after the other:

FISON now has about 5,000 professional and corporate members. Our corporate membership cuts 
across the capture fisheries and aquaculture subsectors, comprising the trawling companies, fish input 
dealers, fish farmers, and fish processors, and allied industries.

• The Council of Fellows

1.  Establishing the Fisheries Institute of Nigeria (FIN) Bill

The FIN Bill is crucial because it will:  

 professional development.  
· Promote knowledge transfer and the adoption of best practices in fisheries 

 in Fisheries and Aquaculture value chains. 

FISHERIES SOCIETY OF NIGERIA (FISON) was established in 1976 and has served as the apex 
professional body for the Nigerian fisheries Sector. FISON holds a position of authority and leadership, 
and carries out many functions, which are to:

Your Excellency Sir, permit me to give a brief introduction about FISON

 of the Fisheries Sector. 
4. Support capacity-building initiatives for stakeholders in the Fisheries sector. 

3. Collaborate with organizations with related interests in Nigeria and beyond to improve the development 

1. Promote professional and practitioner development of stakeholders in aquaculture, capture fisheries, 

6. Host annual conferences, workshops, and seminars across the 36 states of Nigeria and the FCT for the 

5. Collate, publish, and disseminate information for the sustainable development of the Fisheries 

 post-harvest management, fisheries research and development in Nigeria. 

 and Aquaculture Sectors. 

 benefits of our members for knowledge sharing, capacity building, networking, collaboration, 

2. Create a forum for the productive interaction of individuals and corporate organizations involved 

 community and sectoral engagement, showcasing innovation and technology, provide policy 

xii
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2. Enhancing Investment in Fisheries and Aquaculture Infrastructure

· Ensure a cohesive national strategy that aligns with international fisheries and 
 aquaculture regulations, making Nigeria competitive both regionally and 
 internationally.
We look forward to the support of His Excellency, Mr. President and all stakeholders in ensuring the 
successful passage of this bill. We are willing to work with the Honourable Minister and his formidable 
team to provide the documentation and framework for the establishment of the Fisheries Institute of 
Nigeria which will further help to advance the blue economy in Nigeria.

3.  Strengthening Research and Development

To unlock the full potential of the blue economy, we must tackle the challenges of underdeveloped 
infrastructure. This includes investing in energy and water conserving technologies in fish farms, 
developing cold chain logistics using clean and renewable energy, developing novel technologies into our 
farming systems such as Integrated Multi-trophic Aquaculture (IMTA), investing in and developing fish 
vaccines to prevent fish disease outbreaks, investing in alternative fish feed ingredients for fish feed 
formulation such as insect larvae to replace 50 to 80% of fishmeal in feed formulas, investing in local 
fish meal production using undersized farmed tilapia and clupeids, and investing in fish processing. 
Without the right infrastructure, we cannot effectively harness the potential of our aquatic resources 
or ensure the sustainable development of our fisheries. 

In the era of climate change and global economic shifts, research and development (R&D) are key to 
advancing Nigeria's fisheries and aquaculture sectors. FISON is committed to fostering innovation 
through research that will improve fish farming practices, increase yields, and ensure the sustainability 
of our marine resources.

We call for more investment in research institutions, academic institutions, and the private sector to 
support advancements in aquaculture genetics, fish health management, and feed production. It is only 
through continuous innovation that we can remain competitive and meet the increasing demand for 
fish and seafood products. FISON wants to see more collaborations among the research institutions, 
academia [universities and fisheries colleges] and the private sector; for increased need driven research 
that will foster innovation, creation of jobs, promote gender mainstreaming, diversify fish protein 
sources for the populace and enhance sectoral growth. The fisheries research institutions [Nigerian 
Institute for Oceanography and Marine Research (NIOMR), National Institute for Freshwater 
Fisheries Research (NIFFR), and other aquaculture research centres across the country should be 
properly funded and equipped. Personnel should be well trained and this can be achieved in 
collaboration with the Federal Department of Fisheries and Aquaculture (FDFA) being linked with 
several local and international organizations like CGIAR, JICA, IFPRI, FAO, FISH4ACP, WTO, 
FCWC, AU-IBAR for training and capacity building of officers, also strengthening of institutions, 
formulating and implementing policies that direct the path towards the development of a sustainable 
fisheries and aquaculture sector in Nigeria. Presently, Nigeria is the leader in African Catfish 
production with data suggesting that we have hit the 1 million tonnes per annum production figure. 
The population of Nigeria is still in dire need for more fish protein and depending majorly on catfish 
and imports has not met that need. Your Excellency, Nigeria is placed with diverse fin and shellfish 

We must prioritize the establishment of public-private partnerships (PPP) that will bring in the much-
needed capital to upgrade our fisheries and aquaculture infrastructure. Through collaboration with 
investors, government agencies, and international partners, we can build a more resilient, efficient, and 
profitable sector. 
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FISON is committed to partnering with vocational institutions, research institutions and the 
universities, financial organizations, and development agencies to create pathways for young Nigerians 
to participate meaningfully in the fisheries and aquaculture industries.

5. Capacity Building and Youth Empowerment
Finally, for Nigeria to fully harness the potential of its blue economy, we must focus on capacity 
building and the empowerment of our youth. In the light of this, FISON Fellows, Professional, 
Associate and Corporate members, have been involved in fisheries education, women, men, and youth 
empowerment programmes. FISON has inducted many Fisheries graduates as Graduate Members of 
our noble society. The fisheries and aquaculture sectors offer significant opportunities for job creation, 
especially for young Nigerians. Through targeted training programs, access to finance, and mentorship, 
we can equip our youth with the skills they need to succeed in this field.

species in our marine and inland waters and the aquaculture potential of many of these diverse fish 
species have been documented. A push is therefore required to bring this to limelight and unlock the 
potentials for the benefit of Nigerians and to boost our shared economy. Some of the indigenous 
aquaculture fish species we want to see on our plates include the fin fishes: Oreochromis niloticus, 
Heterotis niloticus, Citharinus citharus, Synodontis batensoda, Gymnarchus niloticus, Lates niloticus, 
Chrysichthys nigrodigitatus, Liza grandisquamis and the shellfishes – Crassostrea gasar, Senilia senilis, 
Macrobrachium vollenhovenii, M. Macrobrachion, M. felicinum, and Penaeus notialis. We also desire 
that fish production will go beyond being rudimentary to having a full value chain investment structure 
with a broad diversity for fishpreneurs with a lot more choices for consumers. All these can be achieved 
if we have the will to promote and enhance research, innovation and entrepreneurship.  In line with 
this therefore we call on the Honourable Minister FMMBE, Your Excellency Sir, to call for validation 
and launch of the National Fisheries and Aquaculture Policy of Nigeria 2024 – 2028. In FISON, we are 
passionate about this policy document, our members served in the committee that reviewed the draft 
of the national policy. We pray for the launch and successful implementation of the policy, so that the 
lift fisheries can bring as a low hanging fruit in the blue economy would begin to be enjoyed by 
Nigerians in the next couple of months.

4. Promoting Sustainable Fishing Practices

FISON, in collaboration with government agencies and environmental organizations, will continue to 
champion sustainable fishing practices. This includes advocating for enforcement of regulations to 
prevent IUU fishing, supporting WTO's agreement on fisheries subsidies, promoting eco-friendly 
aquaculture systems, and encouraging the conservation of biodiversity within our water bodies. Our 
members are also involved in the restoration of lost mangrove habitats which is championed by 
HYPREP and presently led by a FISON Fellow. We believe that such activities will sustain the 
biodiversity of the blue economy and could form the basis for blue tourism and other job creating 
ventures in our aquatic environment.

The future of Nigeria's fisheries sector depends on how well we manage our aquatic ecosystems. 
Overfishing, illegal, unreported, and unregulated (IUU) fishing, and the destruction of marine habitats 
continue to threaten our blue economy. We must adopt policies and practices that promote the 
sustainable use of our aquatic resources.

6. Establishing a Research Council for repositioning of the Fisheries and Blue Economy Research 
 Institutions 
Considering the growing importance of sustainable fisheries and the expanding blue economy, it is 
imperative to establish a Council for Fisheries and Blue Economy Research to oversee, guide, and 
harmonize research efforts across all fisheries and blue economy research institutes under the Federal 
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Today, we are here to honour and celebrate some of the most distinguished and outstanding members 
of FISON, who have been conferred with the prestigious fellowship of the society. The fellowship of 
FISON is the highest honour that the society can bestow on its members, in recognition of their 
significant contributions to the advancement of fisheries science and practice in Nigeria and beyond. 
The fellowship of FISON is not only a mark of excellence and distinction, but also a responsibility and a 
commitment to uphold the values and objectives of the society, and to mentor and inspire the next 
generation of fisheries professionals.

The fellows of FISON are selected through a rigorous and transparent process, based on their academic 
qualifications, professional experience, publications, awards, and leadership roles in the fisheries 
sector. Our Fellows are expected to be role models and ambassadors of the society, and to actively 
participate in the activities and programmes of the society. The fellows of FISON are also entitled to 
use the title Ffs after their names, and to wear the distinctive badge of the society. I encourage all 
Fellows to proudly wear their badge always!

Ministry of Marine and Blue Economy. This strategic move will help realign research priorities to the 
national agenda of economic diversification and sustainability in the blue economy which are in line 
with the UNSDGs 1, 2,14, etc. The Council when established will be involved in coordinating our 
research institutes, supporting the Ministry with research-based data for policy formulation, provide 
guidance and source funds for research institutes  to carry out need-driven research for sustainable 
aquatic resource productivity, facilitate partnerships with national, regional and international research 
organizations and others, enhance human capital development in fisheries science and the blue 
economy, monitor and evaluate research activities through well established mechanisms and aligning 
with the Ministry's objectives.

Fellowship and Investiture Awards

I would like to congratulate all the fellows of FISON, who are being invested today, for their 
remarkable achievements and contributions to the fisheries sector. You have made us proud, and we are 
honoured to have you as our fellows. You have set a high standard of excellence and professionalism, 
and we hope that you will continue to uphold it and to share your knowledge and experience with 
others. You are the pride and the hope of the Fisheries Sector, and we look forward to your continued 
support and collaboration. 

I would also like to thank the Board of Trustees, the National Executive Council, the Chairman and 
Members of the Council of Fellows, Chairman and Members of the Local Organizing Committee, and 
the Chairman and Members of the Fellowship Awards and Investiture Committee, for their diligent 
and dedicated work in organizing this conference and investiture ceremony. I would also like to 
appreciate the presence and support of our distinguished Chairman of Ceremony, the immediate past 
President of the Fisheries Society of Nigeria, who is the Rector of the Federal Polytechnic, Ekowe, 
Bayelsa State, Dr Lukman Adegoke Agbabiaka Ffs for accepting to Chair this occasion. My profound 
gratitude also goes to His Excellency Alhaji Adegboyega Isiaka Oyetola, CON, the serving and first 
Honourable Minister of the Federal Ministry of Marine and Blue Economy, for his support of the 
activities of the Fisheries Society of Nigeria and for advancing the Fisheries and Aquaculture Sector 
through sponsoring need driven policies, and human capital development across the sector. We 
appreciate all our distinguished guests here present, who graciously accepted our invitation and are 
here to celebrate with us. I would also like to acknowledge the representation and support of our 
Special Guest of Honour, the Commander in Chief of the Armed Forces and President of Nigeria, His 
Excellency, President Bola Ahmed Tinubu GCFR for taking a giant stride in declaring a state of 
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emergency on food security and further matching his words with action and creating the Federal 
Ministry of Marine and Blue Economy and against all odds, he moved the Federal Department of 
Fisheries and Aquaculture to the Federal Ministry of Marine and Blue Economy. Today, we are glad to 
have the rare honour and privilege  of witnessing the conferment of  the Honourary Fellow of the 
Fisheries Society of Nigeria on our dear President, for his creativity, innovation and bold leadership in 
repositioning the fisheries and aquaculture sector in the blue economy and for creating policies to 
support our artisanal and industrial fishers, fish farmers, processors, for the sustainable and increased 
production of fish in Nigeria. Our hope indeed is renewed that “Fish for All” is achievable! 

We hope that with the conferment of the Fellowship Awards and Merit Awards, all our Awardees will 
strive to do more for the development of the Fisheries Sector. Being a coastal State with 853 km 
coastline, with numerous water bodies that cut across marine, brackish water and freshwater 
ecosystems, we have a lot to benefit if we continue to develop our God-given fisheries resources. 
Investments in the blue economy without deliberate consideration of the aquatic resources of which 
Fisheries is a conspicuous component will not be sustainable. 

Finally, I would like to thank our very distinguished guests, the Honourable Ministers and our Special 
Guest of Honour, President Bola Ahmed Tinubu GCFR for gracing this occasion despite their very 
busy schedules. I would like to thank all our sponsors, partners, well wishers and members of FISON, 
for joining us in this celebration of excellence and achievement. I hope that you will enjoy the rest of 
the programme, and that you will leave this ceremony with a renewed sense of enthusiasm and passion 
for Fisheries. Thank you, and God bless you all.

Long live FISON!
Long live Marine and Blue Economy!
Long live the Federal Republic of Nigeria!

National President, Fisheries Society of Nigeria (FISON)
Dr. Ebinimi J. Ansa Ffs  
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GUEST OF HONOUR SPEECH AT THE 39TH FISON ANNUAL 
CONFERENCE: 'ABUJA 2024' DELIVERED BY THE HONOURABLE 
MINISTER OF MARINE AND BLUE ECONOMY ADEGBOYEGA 
OYETOLA (CON)

The establishment of the Federal Ministry of Marine and Blue Economy marks the beginning of a new 
era for the fisheries and aquaculture subsector. In alignment with Mr. President's vision for the 
subsector, The Ministry is committed to achieving self-sufficiency in fish production and positioning 
Nigeria as a major exporter of fish and fisheries products. The Ministry is also embarking on various 
initiatives tailored towards strengthening fisheries management, boosting investment in fisheries and 
aquaculture development, improving post-harvest infrastructure, promoting innovation, leveraging 
technology, and fostering multi-stakeholder collaboration.

Fisheries and Aquaculture is central to the broader vision to grow Nigeria's Blue Economy Sector. The 
Ministry's strategic focus is to upscale fish production in a sustainable manner, tapping into the full 
spectrum of our marine resources. This sub-sector holds the potential to unlock untapped resources, 
increasing blue food production, blue job opportunities, and drive sustainable development across our 
coastal and inland waters. This will, in turn, provide long-term prosperity and security for future 
generations, among other goals. 

In the past nine months following the transfer of the Department of Fisheries and Aquaculture to the 
Ministry, we have made significant progress. We have increased fish production while reducing 
importation, engaged stakeholders to identify the needs and recommendations for the growth of the 
sub-sector, leveraged on public-private partnerships (PPP) to increase investment in the subsector, in 
the process of establishing fish harbours and reviving of desolate terminals, studied best practices from 
countries like Morocco and collaborated with international organizations such as FAO under the FAO-

PROTOCOL
It is a profound honour to be here today, representing the President of the Federal Republic of Nigeria, 
at the 39th Annual Conference of the Fisheries Society of Nigeria (FISON), themed "Unlocking the 
Investment Potential of Nigeria's Blue Economy: Advancing the Fisheries and Aquaculture Sector for 
Sustainable Development." 

Firstly, I would like to acknowledge FISON, an apex non-profit professional organization dedicated to 
promoting fisheries and aquaculture management, research, and development in Nigeria. FISON has 
done incredible work towards the advancement of fisheries and aquaculture and as such the Federal 
Ministry of Marine and Blue Economy is very proud to be associated with this body. I would also like to 
extend my appreciation to all stakeholders present here today, from within and outside Nigeria, for 
their commitment to the growth of Nigeria's blue economy. Your dedication to the sector is evident in 
your presence in this auspicious event.

The theme of this year's conference is particularly significant as it aligns with the Mr President's vision 
for sustainable economic diversification highlighted in his Renewed Hope Agenda and his creation of 
the Federal Ministry of Marine and Blue Economy. This resolve has been reinforced by the recent 
transfer of the Department of Fisheries and Aquaculture to the Federal Ministry of Marine and Blue 
Economy. This development is significant, as it places all issues related to fisheries administration and 
related activities under the direct supervision of this Ministry. 
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On behalf of Mr. President, I would like to extend his warm regards and commendations to FISON 
once again for taking the initiative of organizing a conference that brings together several stakeholders 
in fisheries and aquaculture. This event serves as a vital platform for stakeholders to collaborate, 
exchange ideas, and chart a course toward the sustainable management of Nigeria's vast aquatic 
resources. The blue economy presents limitless opportunities, and it is through initiatives like this that 
we can deliberate on, and effectively harness, these opportunities to benefit not only the economy but 
also our environment and communities.

Fish4ACP program. Programs such as FAO-Fish4ACP focuses on promoting the sustainable 
development of Nigeria's fisheries and aquaculture sector, with particular attention to the economic, 
social, and environmental sustainability of catfish value chains.

Furthermore, Nigeria was recertified to export shrimp to the U.S., EU, and other markets following 
the U.S. inspection team's recertification of our Turtle Excluder Device (TED) usage. Additionally, the 
Residue Monitoring and Control Plan for aquaculture shrimp was approved, allowing Nigeria to export 
cultured shrimp to the EU, USA, and other international market. We have collaborated closely with 
AU-IBAR in formulating Nigeria's National Blue Economy Strategy, where fisheries and aquaculture 
play a central role. Strategies, governance frameworks, and implementation plans have been developed 
alongside stakeholders in the sector. The Federal Government has also affirmed the transfer of 
NIOMR and other related entities to the Ministry, and Mr. President has approved Nigeria's candidacy 
in the upcoming election to the IMO Council.

In the coming days, the fisheries and aquaculture policy will be validated in collaboration with IFPRI 
and WorldFish. The Ministry is also in the process of automating all fisheries operations to enhance 
service delivery and streamline processes. The Ministry is working on improving linkages between the 
FDFA and NIOMR and also Federal, state and local governments particularly in the artisanal fisheries 
and aquaculture sub-sectors. Additionally, we are working towards increasing the participation of 
women and youth in the subsector, planning to conduct stock assessments to ensure that decision-
making and fisheries management are based on accurate data.

Finally, it is with great pleasure that I declare this conference open, and I wish you all fruitful 
deliberations and outcomes that will shape the future of our fisheries and blue economy sectors.
Thank you, and God bless the Federal Republic of Nigeria!

As we embark on this journey together, I urge all participants to engage meaningfully in the discussions 
that will take place during the conference. Let us work collectively to develop innovative strategies that 
will advance the fisheries and aquaculture sub-sector, ensuring that they contribute meaningfully to 
the broader objectives of sustainable development, economic growth, and national prosperity.

Federal Ministry of Marine and Blue Economy 

Adegboyega Oyetola
Honourable Minister 
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It is a privilege to join you today at this significant gathering—the 39th Annual Conference of the 
Fisheries Society of Nigeria—celebrating another year of achievements, progress, and the dedication 
of our country’s fisheries and aquaculture professionals. I commend FISON for its commitment to 
excellence, innovation, and sustainable practices in a sector that holds the promise of both economic 
growth and food security for Nigeria.

Protocol

GOODWILL MESSAGE BY THE HEAD OF THE CIVIL SERVICE OF THE 
FEDERATION MRS. DIDI ESTHER WALSON-JACK, OON, mni AT THE 
OPENING CEREMONY OF THE 39TH ANNUAL CONFERENCE OF 
FISHERIES SOCIETY OF NIGERIA (FISON) AT NATIONAL UNIVERSITIES 
COMMISSION HEADQUARTERS ABUJA ON OCTOBER 29, 2024

Your commitment to sustainable fisheries aligns deeply with our national objectives, especially in the 
face of current environmental and economic challenges. By enhancing the productivity of our fisheries, 
promoting research, and building capacity, you are laying the groundwork for a future that balances the 
needs of today with the preservation of resources for generations to come.

To all the fellows being invested and the merit awardees, I extend my heartfelt congratulations. Your 
achievements inspire us all to pursue excellence and innovation, creating a ripple effect that reaches far 
beyond our shores. May you continue to lead by example, strengthening this sector, and upholding the 
principles that make your work so vital to our nation’s progress.

Today, as we honor and invest new fellows, and recognize individuals with merit awards, we pay tribute 
not only to their outstanding contributions but also to the crucial role of every member of FISON in 
advancing Nigeria’s fisheries industry. Through each of you, our nation is moving closer to its vision of 
self-sufficiency, job creation, and environmental stewardship—a testament to the power of 
collaboration and resilience.

Mrs. Didi Esther Walson-Jack OON, mni
Head of the Civil Service of the Federation

Thank you, and I wish the Fisheries Society of Nigeria a successful and impactful conference.

29th October 2024



identified policy objectives on sustainable use and conservation of aquatics, gender dimensions, 
climate change, resilience, and private sector financial and investment mechanisms. 

To unlock Nigeria's investment potential, it must seize existing opportunities and implement necessary 
measures to overcome critical challenges. The ongoing AU-IBAR support to Nigerian to embrace blue 
economy growth also creates the prospects for Nigeria to tap into the inherent opportunities through 
sustainably harnessing the potential locked in the vast marine and freshwater ecosystems that would 
significantly advance investments and overall socio-economic development of the country, including 
food security, livelihoods, GDP, etc.  The support to Nigeria to develop a master plan for sustainable 
coastal and marine tourism, mining, oil, and gas exploration to minimize the impact of these industries 
on aquatic biodiversity and aquatic environment has laid the foundations for healthy ecosystems and 
created the pathway for investment in the fisheries and aquaculture sector. Implementing national and 
transboundary marine spatial planning, marine protected areas, promoting PPP in the sector, issues of 
capacity building and protection of blue economy resources, etc., would contribute to securing the 
place of fisheries and aquaculture in the overall blue growth.
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GENERAL OUTLOOK

Aquatic ecosystems are critical to blue transformation, expanding aquatic food systems and increasing 
their contribution to nutritious and affordable healthy diets. Presently, the sector contributes 
immensely to food and nutrition security, livelihoods, income, and GDP and is a social safety net for 
most Africans. However, challenges continue to undermine the full realization of the potential 
contribution to the continent's socio-economic transformation. These challenges are institutional and 
external, including climate change and environmental variability.

“UNLOCKING THE INVESTMENT POTENTIAL OF NIGERIA's BLUE 
ECONOMY: ADVANCING THE FISHERIES AND AQUACULTURE 
SECTOR FOR SUSTAINABLE DEVELOPMENT 

Africa has inherent potential and opportunities locked in the marine and freshwater ecosystems that 
the continent has jurisdiction over. These marine and freshwater ecosystems are endowed with highly 
biodiverse resources, including fishery resources of high commercial interest that can support large-
scale investments in fishing and processing industries, among other things.

HOW DO WE REPOSITION THE FISHERIES AND AQUACULTURE SECTOR AS THE 
CONTINENT EMBRACES BLUE GROWTH? And UNLOCK THE INVESTMENT 
POTENTIAL OF NIGERIA'S BLUE ECONOMY?

(A KEYNOTE ADDRESS BY DR. MOHAMMED SEISAY)

AFRICAN UNION RESPONSES

To adequately respond to this question, I seek your permission to elaborate on the provisions of the  
African Blue Economy Strategy. The Sustainable Blue Economy Conference was held in Nairobi, 
Kenya, in November 2018. The Strategy has a Vision for an inclusive and sustainable blue economy 
that significantly contributes to Africa's transformation and growth. The Strategy identified five 
clustered thematic areas that unravel opportunities and complexities in tapping the potential in the 
ocean, seas, and freshwater resources for the nation's sustainable blue economy development, not least 
in Africa. 

The African Union took major decisions and made extensive declarations at various high-level summits 
on unlocking and unleashing the full potential of the fisheries and aquaculture sector. These include a 
significant decision in 2010 at the first Conference of African Ministers in Fisheries and Aquaculture 
(CAMFA) to establish a coordination mechanism and formulate a continental policy framework for 
fisheries and aquaculture in Africa to enhance coordination and coherence in the sector's governance. 
The Policy Framework and reform strategy were therefore developed that identified key policy arenas 
to support AU member states to create realistic and coherent policies that establish a conducive and 
enabling environment for the fisheries and aquaculture sector to create equitable, social, and economic 
development in Africa.

The African Union's support for Nigeria has enabled this country to align the national policy 
instrument to the Pan-African policy framework and reform strategy, which would create the 
environment for investment and power socio-economic development on the continent. The PFRS 

Notably, the African Blue Economy Strategy identified strategic actions for unlocking the potential and 
advancing fisheries and aquaculture in the context of Africa's blue economy for all African member 
states. 
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There is always a reason for everything; sometimes, we find it difficult to understand why some things 
appear the way they appear. On 6th March 2019, I presented the 39th Inaugural Lecture of Michael 
Okpara University of Agriculture, Umudike, titled Fishes and Fisheries: The Mysteries in the Waters. 
Today, 29th November 2024, I find myself as one of the Speakers at the 39th Annual Conference of the 
Fisheries Society of Nigeria, trying to unlock the investment potentials of the Nigerian blue economy.

It is a great privilege to serve as a speaker today at this special meeting of the Fisheries Society of 
Nigeria (FISON), our apex Professional Society in the Fisheries Subsector. I have had the opportunity 
to serve as the Assistant National Secretary and National Secretary. Before then, I joined the Nigerian 
Institute for Oceanography and Marine Research (NIOMR) as a young research officer deployed to 
Rivers State. As I occasionally crisscrossed the waters, I asked myself how the “Fisheries Experts” 
could make meaningful efforts to maximize the opportunities that abound in the massive water bodies. 
As of then, the Fisheries and Aquaculture subsector was under the Federal Ministry of Agriculture and 
Rural Development (FMARD) before it was renamed the Federal Ministry of Agriculture and Food 
Security.

Blue Economy is a term in economics that refers to the exploitation, preservation, and regeneration of 
the marine environment. It is an economic sector that seeks to conserve marine and freshwater 
environments while using them sustainably to develop economic growth and produce resources such as 

INTRODUCTION:

A KEYNOTE SPEECH PRESENTED BY PROF. ANTHONY NLEWADIM, 
FFS, DURING THE 39TH ANNUAL CONFERENCE OF FISHERIES 
SOCIETY OF NIGERIA (FISON) AT IDRIS ABDULKADIR AUDITORIUM, 
NATIONAL UNIVERSITIES COMMISSION (NUC), ABUJA.

Following the carving out of the Ministry of Marine and Blue Economy, the Fisheries and Aquaculture 
subsector has now found itself swimming in what we used to regard as an “ocean of plenty waters” 
where it is competing with such strong agencies like the Nigerian Maritime Administration and Safety 
Agency (NIMASA), Nigerian Shippers' Council (NSC); Nigerian Ports Authority (NPA) and National 
Inland Waterways Authority (NIWA). This, therefore, calls for more dreams, inspirations, and even 
discerning spirits on how the Fisheries and Aquaculture subsector will survive and be sustained.

UNLOCKING THE INVESTMENT POTENTIAL OF NIGERIA'S BLUE 
ECONOMY: ADVANCING THE FISHERIES AND AQUACULTURE 
SECTOR FOR SUSTAINABLE DEVELOPMENT

Protocol 

Origin and Conceptualization of Blue Economy
The term “Blue Economy” was first introduced by Professor Gunter Pauli in 1994 as an economic 
philosophy reflecting business models for the future (Pauli, 2010). The concept gained prominence 
during the 1410 + 20 Summit 2012, introduced by the United Nations Environment Programme 
(UNEP) as an application of green economy principles to the ocean realm. The blue economy 
promotes economic growth, social inclusion, and livelihood preservation while ensuring environmental 
sustainability. It aims to decouple socio-economic development from ecological degradation and 
optimize the benefits derived from marine resources. The Blue Economy Concept was conceived as an 
alternative economic model for sustainable development, acknowledging nations' dependence on 
oceans.(UNECA 2016). It reflects a modern view that emphasizes sustainability, social justice, and 
intergenerational equality as guiding principles for further development.
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food, energy, and food. It also aims to reduce marine pollution and protect marine biodiversity, without 
which the blue economy may not be sustainable.

The Oceans are not only a source of jobs and wealth; the blue economy contributes to climate initiation 
by developing renewable energies in the high seas and decarbonizing maritime transport. The blue 
economy contributes to harmonizing human well-being, social equity, and environmental 
sustainability. This is against the old business-as-usual model where nations develop their ocean 
economics only through the exploitation of maritime and marine resources through shipping, 
commercial fishing, oil, and gas, as well as mineral development without paying adequate attention to 
the effect of such activities on the future health or productivity of the same resources and ocean 
ecosystem in which they exist. The blue economy concept provides a more holistic vision that 
embraces economic growth when it is sustainable and does not damage other sectors, like a green 
economy.

Generally, the blue economy is seen to encompass various aspects, as indicated by Yusuff & Ibidapo-
Obe (2024), many of which are economically relevant to the Nigerian economy, as shown in the Table.

The Blue Economy in Nigeria comprises activities such as fisheries, aquaculture, shipping, coastal 
tourism, and offshore energy. With over 850 kilometers of coastline, an Exclusive Economic Zone 
(EEZ) of 923,768 square kilometers, and numerous rivers and lakes, Nigeria is well-positioned to 
harness the potential of its aquatic resources. However, the country's Blue Economy appears 
underdeveloped despite this natural endowment. Challenges such as inadequate infrastructure, poor 
regulatory frameworks, and environmental degradation have hindered its growth. Addressing these 
issues is critical to unlocking the full potential of Nigeria's Blue Economy.

UNLOCKING A SUSTAINABLE BLUE ECONOMY IN NIGERIA
The Blue Economy in Nigeria, also known as the Ocean Economy, is a term used to describe the 
economic activities associated with oceans and seas. The World Bank defined it as the sustainable use of 
ocean resources to benefit economics, livelihood, and the ocean ecosystem. According to the World 
Bank, the blue economy globally is worth more than $1.5 trillion annually. It provides over 30 million 
jobs and supplies over 3 billion people with vital protein resources. Nigeria's blue economy 
encompasses all economic activities related to the ocean, seas, and coast. It has significant potential for 
sustainable country development with its extensive coastline and rich marine resources. Nigeria can 
drive economic growth, create employment, and improve livelihoods by using its enormous marine 
resources sustainably. One of the key pillars of achieving an efficient blue economy in Nigeria is the 
sustainable exploitation of fisheries and aquaculture. Nigeria has a rich and diverse range of fish 
species, providing a valuable source of protein and income for millions of the populace.

However, unsustainable fishing practices such as overfishing and illegal, unreported, and unregulated 
(IUU) fishing threaten the sustainability of fish stocks and the livelihood of fishing communities. To 
address these challenges, Nigeria should implement effective fisheries management strategies, 
promoteSustainable aquaculture practices and combat IUU fishing through vigorous enforcement and 
international collaborations.



Generally, fish farming significantly contributes to Nigeria's economy by providing income and 
employment opportunities. Nigeria, a maritime state with 9 out of her 36 states having a bank in the 
Atlantic Ocean, has a rich fishing environment, particularly in the littoral states of Nigeria that include 
Lagos, Ogun, Ondo, Delta, Bayelsa, Rivers, Akwa Ibom, and Cross River State in the southern part of 
the country. The fisheries subsector of Nigeria's economy is, therefore, an essential tool for rural 
development through its provision of income, high-quality protein, and socio-economic development 
in fishing communities in Nigeria.Traditional Fishing Practices, deeply rooted in local customs and 
knowledge, have historically supported sustainable fishing. However, these practices now confront 
challenges from overfishing, environmental degradation, and climate change impacts.

These issues threaten the long-term sustainability of the fish stocks and the well-being of fishing 
communities. In response to these challenges, there is a growing emphasis on adopting best practices 
and innovative approaches within Nigeria's fisheries sector for sustainable development.

Advancing Fisheries and Aquaculture Sector in Nigeria
According to WorldFish (2023), Nigeria produces approximately 1.2 million metric tons of fish 
annually, but per capita fish consumption remains low at 11.3 kg per year, well below the global average 
of 21 kg. This gap reflects ongoing challenges in increasing local production to meet the needs of 
Nigeria's growing population, which now appears to be over 223 million. Records have shown that 
Nigeria's fisheries and aquaculture sectors contribute about 2% to the national GDP. However, despite 
this progress, local fish production is insufficient to meet demand, leading to fish imports that account 
for about 45% of total fish consumption, costing the nation about $1 billion annually.

This paradigm shift involves integrating modern technologies, promoting sustainable fishing methods, 
and enhancing conservation efforts. By embracing these innovations, Nigeria aims to improve fisheries 

A Table showing the v arious aspects of Blue Economy. 

Extraction of non-
living 
resources 

Harvesting of living 
resources 

Commerce and 
trade in and 
around the ocean 

Ecosystem protection and 
Management 

• Seabed/deep seabed 
mining 

• Fisheries • Shipping (marine 
transportation) 

• Surveillance and maritime 
security 

• Oil and gas • Aquaculture • Ship building and 
repair 

• Habitat protection/restoration 

• Water 
(desalinization) 

• Marine 
biotechnology 

• Marine 
construction/ Port 
infrastructure e.g. 
jetties 

• Blue carbon 

• Dredging • Recreational fishing • Marine and coastal 
tourism/defense 

• Hazard protection 

• Energy/renewables 
(tidal/wave energy,  

wind) 

• Seafood processing • Marine services 
(Maritime insurance, 
consulting, mapping, 
etc) 

• Waste treatment and disposal 

  • Marine education, 
research and 
development 

• Ecological /ecosystem 
research 

Source: Voyer et al., 2018 

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE  OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA 2024

xxiv



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE  OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA 2024

management, increase productivity, and mitigate environmental impacts.

Implementing sustainable fishing methods and practices is crucial in advancing and maintaining 
Nigeria's fish populations. The use of selective gear by the fisherfolk will assist in minimizing the catch 
of juvenile fish. This practice helps to ensure that fish populations remain healthy and robust. 
Additionally, using “fish aggregating” devices (FADs) can minimize the environmental impact of 
fishing. The implementation of seasonal closures can also help to protect fish stocks. These measures 
give fish populations time to reproduce and replenish. The capacity of the fisherfolk could be built in 
this direction, which is geared towards the importance of sustainable practices. At the same time, 
training programs can expose them to effective “eco-friendly” methods.

Addressing issues such as overfishing, pollution, and infrastructure deficits will not only protect marine 
ecosystems but also ensure continued economic benefits for fishing communities and contribute to 
national food security goals. By prioritizing sustainability, Nigeria can preserve its rich marine 
biodiversity and ensure the well-being of its coastal populations for generations.

Technology plays a vital role in modern fisheries management. Satellite tracking and GPS systems help 
to monitor fish movement and population. These tools provide accurate fish stock level data, enabling 
better management decisions. Electronic logbooks and reporting systems streamline data collection for 
fishermen. This technology reduces the administrative burden and improves data accuracy. Soner and 
underwater drones can assess fish population and their habitats. These devices also help to identify 
overfished areas and protect critical habitats. Mobile apps can also assist fishermen in reporting catches 
and observing regulations. Real-time data collection ensures that authorities have up-to-date 
information on fish stocks.

Government Regulations and enforcement for preserving fish stocks.
Government regulations are essential for sustainable fisheries management. Laws should set clear 
limits on the quota of fish that can be caught. The enforcement of laws could be in the following areas:

Best Practices in Nigeria Fisheries

 protected areas (MPAs) must be established to conserve vital ecosystems. MPAs provide “safe havens” 
 where the fish population can recover and thrive.
b. Effective enforcement of regulations is critical to their success.

a. The allocation of fish quotas to prevent overfishing and ensure long-term fish stock health. Marine 

c. Patrol boats and Surveillance systems can detect illegal fishing activities. To deter noncompliance, 

Use of Technology in Tracking Fish Populations

 conservationists to ensure that regulations are practical-oriented and beneficial too.

i. Stakeholder engagement is essential for developing effective policies geared towards advancing fisheries 
 and the aquaculture sector for sustainable development involving the fisherfolk, scientists, and 

 like dynamite fishing protects marine environments.

 penalties for violations should be strict.

e. Regulations should also address the use of harmful fishing practices. Banning destructive methods 
 Community involvement ensures that regulations are respected and followed.

g. Financial support for sustainable fishing initiatives can drive positive changes.

 and ecosystems can also help refine regulations.

d. Collaboration between government agencies and local communities enhances enforcement efforts. 

h. Research and data collection are crucial for informed policymaking. Ongoing studies on fish populations 

f. Promoting the use of sustainable gear and techniques to support conservation efforts. Providing 
 incentives for compliance can encourage fishermen to adopt sustainable practices.
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 of port states' measures.

I may not want anyone to accuse me of probably lamenting over the challenges of my noble fisheries 
and aquaculture profession as they battle to swim in the newly created Ministry of Marine and Blue 
Economy. After my lamentation, I pray for the systematic development and careful succession of 
Fisheries and Aquaculture professionals in the Department of Fisheries and Aquaculture. It is 
uncomfortable to have a situation where the senior ones continue to retire as Deputy Directors 
recently without attaining the position of Director. This calls for a strategic approach to capacity 
building for the staff concerned.

A. CAPACITY BUILDING:

j. There will also be the need for better Vessel Monitoring Systems (VMS) and reasonable enforcement 

ADDITIONAL MEASURES TO UNLOCK THE FISHERIES AND AQUACULTURE 
COMPONENT OF THE BLUE ECONOMY

I am particularly concerned here about the ability of the fisheries sector workforce in the Ministry of 
Marine and Blue Economy, Universities, Research Institutes, Fisheries Colleges, and the Private sector. 
This fosters a sense of ownership and empowerment so that community partners gain greater control 
over their future development. It does this by developing and strengthening the skills, instincts, 
abilities, processes, and resources organizations and communities need to survive, adapt, and thrive in a 
fast-changing world.

 Aquarium Business.
One aspect of fisheries and aquaculture neglected in Nigeria is recreation and tourism. Unfortunately, 
while other parts of the world have gone far in fishing, Nigeria has yet to effectively utilize this venture 
to boost the Nigerian Gross Domestic Product (GDP). The time to unlock has now come. Nigeria can 
only make better progress in this economic aspect if the leaders can embrace long-term investments. 
This has been tried successfully in many parts of the world and has given.This has given rise to tourist 
attractions like the Underwater World at Sentosa Island, Singapore, and the Churaumi Aquarium in 
Okinawa, Japan, just to mention a few.

B. BOOSTING THE RECREATION AND TOURISM INDUSTRY through Large scale 
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 COMMUNITIES
The issue of integrating the local artisanal fisherfolk to serve as security informants, as is the case in 
many nations of the world, has been discussed for a very long time. There cannot be any successful 
security surveillance in the waters without adequately recognizing the roles of these critical and less 
recognized key players. When one talks of community policing on land, that of the seas is necessary to 
minimize illegal fishing, oil theft, and even infiltration of Nigerian waters by illegal foreign nationals. 
Policies should be put in place to equip these fisherfolk, which I see as co-managers, with GPS-
equipped mobile phones and transponders to facilitate this approach. This would significantly improve 
their information network and assist the government security agencies.

C. INCORPORATING THE FISHERFOLK INTO THE SECURITY NETWORK OF 

I can still remember that this was one of the resolutions made during a two-day consultative meeting of 
the Honorable Minister of Agriculture and Rural Development (HMA) with key fisheries stakeholders 
on repositioning the fisheries subsector organized by Department of Fisheries and Aquaculture of the 
Federal Ministry of Agriculture and Rural Development from 25th to 26th of February, 2014 under the 
leadership of  Dr. Akinwumi Adesina (who is presently the President of African Development Bank). 
Still, one cannot tell how far this was followed to a conclusive end. One of the objectives of that 
workshop was to facilitate stakeholders' shared vision of placing the fisheries sector on a path to 
sustainability, productivity, and profitability, with the requisite commitment of sustaining the 
momentum of the Growth Enhancement Scheme (GES), Fisheries and Aquaculture Value Chain 
(FAVC) development program within what was then called the Agricultural Transformation Agenda 
(ATA). These programs that probably appear forgotten may still play key roles at this time when the 
nation is making better efforts to unlock the blue economy. This has become necessary, particularly 
now that so much restiveness, militancy, and piracy have posed many challenges for the Fisheries 
subsector.

D. ASSENTING TO THE BILL ON THE FISHERIES INSTITUTE OF NIGERIA AND 

The studies of Oceanography, Marine Ecology, Fisheries, Aquaculture, and Climate Change have 
recently become very topical due to many events worldwide. These are professional areas that must be 
protected. There have been a lot of catastrophes all over the world, particularly in the Americas and 
Asia. Unfortunately, no one bothers to ask questions about the Nigerian territories. We must not wait 
until disasters overwhelm us.

These have become more paramount now that we have the Ministry of Marine and Blue Economy. 
There should be a better understanding of all aspects of economic generating. The various fishing 
settlements all over the country deserve protection as many of them are being sacked from where they 
are because of climate change. Many fish farms are also facing major environmental challenges. More 
technology must be activated to support the “artisanal fisherfolk' as the fisheries resources of our 
waters cannot be harnessed effectively without their contributions, and this should form part of the 
“unlocking of the blue economy.” At present, no one has asked many questions on the reasons for all the 
Boat mishaps we have been experiencing in the River Niger, particularly in Niger State, where our 
citizens are perishing on a regular basis as they navigate the waters. These are all part of the objectives 
for the Fisheries Institute of Nigeria proposal. The assenting of that bill by our dear President will 
attract more attention to this all-important sector of the Nigerian economy. The focus should not only 
be on licensing fish quotas for import in the newly created Ministry. Therefore, I join in appealing for 
the revalidation and assenting of the bill passed by the 9th National Assembly, as that will assist the 
profession in retaining the best brains in the areas involved. That will form part of the climax to unlock 

 CHARTER

xxvii



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE  OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA 2024

SOME CHALLENGES FACED BY THE FISHING INDUSTRY IN NIGERIA

- Promote aquaculture: Encourage investment in fish farming.

Pollution, including industrial discharge and improper waste disposal, further degrades aquatic 
habitats and poses health risks to marine life and consumer products. Additionally, the lack of essential 
infrastructure such as cold storage facilities, efficient transportation network and market access limits 
the sector's potential for growth and profitability. The adoption of sustainable fishing practices is 
crucial to safeguarding Nigeria's marine resources for future generations.

By harnessing the potential of the blue economy, Nigeria can achieve inclusive economic growth, 
sustainable development, and environmental stability. Advancing the Nigerian fisheries, aquaculture, 
and ornamental fish sector requires a multifaceted approach to ensure sustainable development. 
Focused and strategic efforts must be geared towards some time-bound goals—short-term, medium-
term, and long-term goals.

Short-term goals (2024-2025)

Sustainable practices aim to conserve fish populations, protect biodiversity, and maintain the ecological 
balance of marine ecosystems. Initiatives such as establishing marine protected areas, implementing 
fishing quotas, and promoting responsible fishing techniques are essential steps towards achieving 
sustainability. These measures ensure the resilience of fish stocks, support the economic stability of fishing 
communities, and enhance food security nationwide. While Nigerian fisheries face significant challenges, 
proactive measures and collaborative efforts are crucial to securing a sustainable future.

GENERAL RECOMMENDATIONS

- Enhance regulation: Strengthen enforcement of fishing laws and regulations.
- Improve infrastructure: Upgrade fishing ports, landing sites, and markets.

the Blue Economy, as there are many mysteries in the waters to exploit.

- Increase funding: Allocate more resources to the sector

The Nigerian Fishing Industry faces multifaceted challenges that threaten its sustainability and 
productivity. The non-enforcement of most regulatory frameworks tends to deplete fish stocks, 
disrupt marine ecosystems, and jeopardize the livelihood of fishing communities.

- Develop value chain: Support processing, packaging, and export.

Medium-term goals (2025-2030)
- Research and development: Invest in fisheries research and aquaculture technology.
- Capacity building: Train fishermen, farmers, and processors.
- Market development: Expand domestic and international markets.
- Environmental sustainability: Implement eco-friendly practices.
- Private sector engagement: Encourage investment and public-private partnerships.

Long-term goals (2030-2040)
- Industry transformation: Shift from subsistence to commercial fishing and aquaculture.
- Job creation: Generate employment opportunities through massive ecotourism.
- Food security: Increase protein availability.
- Export-oriented growth: Boost foreign exchange earnings.
- Climate resilience: Develop adaptive strategies.

Key stakeholders such as the Federal and state governments, the private sector (investors), academia 
and research (Universities, Colleges, and Research institutions), Fisheries cooperatives, and 
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- Climate change

Nigeria's blue economy has vast opportunities and challenges, particularly in the fisheries and 
aquaculture sectors. Nigeria's extensive coastline and abundant marine resources offer significant 
potential for economic growth, job creation, and environmental sustainability. However, inadequate 
infrastructure, weak regulatory frameworks, and ecological degradation hinder progress. This speech 
emphasizes the need for sustainable exploitation of marine resources to ensure long-term benefits. 
Overfishing, illegal and unregulated fishing, and environmental damage threaten fish stocks and the 
livelihoods of fishing communities. The government must implement robust fisheries management 
strategies, promote sustainable aquaculture practices, and collaborate internationally to combat these 
issues. The key strategies for unlocking the blue economy's potential include adopting modern 
technologies like satellite tracking and electronic logbooks to monitor fish populations and enforce 
regulations. Additionally, community involvement and government enforcement are crucial for the 
success of conservation and anti-illegal fishing efforts.

CONCLUSION

 Rome. pp. 264. https://doi.org/10.4060/cd0683en

 in National Development: A Review Article. International letter of Natural Science, July 2024.

international organizations (e.g., FAO) must be involved. Policy reviews and development, including 
the National Fisheries and Aquaculture Policy review, strengthening of regulatory frameworks, and 
increased funding are also needed. Partnerships must be geared to promote public-private partnerships 
and enhance regional and international cooperation.

- Regulatory inefficienciesBy addressing challenges and leveraging opportunities, Nigeria can 
unlock the potential of its fisheries and aquaculture sector, contributing to sustainable development 
and improved livelihoods.

- Overfishing

It must be understood that there are some challenges with the opportunities presented by the blue 
economy, growing demand for seafood, untapped aquaculture and ornamental fish potential, great job 
creation, export market expansion, and sustainable development. These include:

Capacity building within the workforce, investment in infrastructure, and a shift toward sustainable 
fishing practices are essential. Incorporating fishing communities into security networks can enhance 
surveillance and reduce illegal activities in Nigeria's waters. By fostering collaboration among 
stakeholders— government, private sector, research institutions, and international 
organizations—Nigeria can tap into the blue economy's vast potential, ensuring economic growth while 
preserving marine ecosystems for future generations. There must be a clear vision for the future of 
Nigeria's blue economy, involving short-term, medium-term, and long-term goals, ranging from 
infrastructure improvement to climate resilience and export-oriented growth. By addressing the 
challenges and leveraging the opportunities, Nigeria can unlock the full potential of its fisheries and 
aquaculture sectors, driving sustainable development and improving livelihoods across the country.

- Inadequate infrastructure
- Limited funding
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 BIOTECHNOLOGY AND BLUE ECONOMY 

Introduction 

i Marine Biotechnology which involves the application of science and technology to marine resources, 

Blue economy is a term that refers to the different range of economic activities that are carried out in lakes, 
rivers, ocean and seas. According to Algattan (2024), blue economy can be divided into six major areas 

 costal environment 

 environments for commercial use. 

 to produce power 

The United Nation first introduced the word "blue economy" at a conference in 2012. The word "blue" 
is the shade of the sea and of the ocean and that defines the world of biotechnology. The blue economy 
has been projected as the next great economic frontier especially where the bio-resources are exploited 
sustainably. 

iv Maritime Security which involves protecting sea lanes and maritime territories from piracy and 

 extracting new products and services. 

LEAD PAPER DELIVERED BY PROF. OLUFEAGBA S. OLABODE AT THE 
39TH ANNUAL NATIONAL CONFERENCE AND GENERAL MEETING 
OF FISHERIES SOCIETY OF NIGERIA HELD AT NATIONAL 
UNIVERSITY COMMISSION, ABUJA ON 28TH OCTOBER TO 1ST 
NOVEMBER, 2024. 

ii Marine Aquaculture which involves the cultivation of shell fish and fish in controlled marine 

iii Ocean Renewable Energy which involves harnessing energy from ocean waves, tides and currents 

 smuggling 
v Costal and Cruise Tourism which involves developing sustainable tourism that leverages marine and 

vi Seabed Mining which involves extracting minerals and resources from the ocean floor in an 
 environmentally responsible manner.  

Nigeria has significant water resources estimated at 215 billion m3 of surface water (river, lakes, and 
reservoirs) and 87 billion m3 of ground water resources. The costal and marine environment cover 
about 853 km and fresh water is made up of two (2) major river systems and several inland water that 

According to Smithers Group (2015), global market for marine biotechnology can possibly reach $4.8 
billion by 2020, rising to $6.4 billion by 2025. In Nigeria, the nation is lagging behind in the application 
of biotechnology for the exploitation of the myriads of resources in both the marine and coastal water 
bodies. The recent creation of the ministry of blue economy has a great potential in unleashing great 
revenue and prosperity on Nigeria. 

The different sectors are a revelation of the vast opportunities and potential of resources that are 
available for exploitation. Resources available for exploitation and human use include but not limited 
to fishing, transportation, renewable energy, mariculture, telecommunication e.t.c 

Water Resources Profile of Nigeria 

Nigerian economy heavily depends on crude oil and any crash in the oil market will result in a decline in 
GDP. Therefore, there is a need to look for alternative economic pathways for national and economic 
sustainability. Blue economy is a lush alternative with great potential to replace major chunk of oil 
revenue or diversification in revenue generation. 
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According to Uddim and Mohammed (2019), the marine and fresh water could be exploited with 
biotechnology tools to yield far beyond the current level of exploitation. The areas of possible 
biotechnological exploitation include but not limited to marine biotechnology, sea renewable energy, 
offshore wind energy, marine and seabed mining, deep water oil and gas, maritime safety and 
surveillance, marine unconventional products and services and even marine research and development. 

takes their sources from four (4) hydrological basins (North central plateau, western highlands, eastern 
highlands and the uri plateau). There is a huge opportunity in the development of blue economy from 
both the rivers and the oceans. 
There are possibilities of several applications of science and technological advancements to explore the 
ocean of their abundant resources. 

eed takes about 70% of cost of production on fisheries and is strongly competing with human protein 
need. The abundant unconventional fishery products in rivers and oceans (mussel, squid, oyster) 
seaweeds, micro algae are huge source of animal protein for feed formulation (Fig 1) 

1. Opportunities in feed production 

This is the most innovative marine renewable energy for electricity provision. Several countries have 
invested in this. The offshore line of Nigeria is a potential location of wind driven tidal powered 
electricity for clean and cheap generation. 

Figure 1: The grand challenges and evolving opportunities of blue biotechnology (Adapted from 
Uddin and Islam, 2019). 

Nigeria and many countries of the world can have energy security and additional greenhouse gas 
emission reduction when energy production is directed at the vast ocean current (Fig 2). Production of 
energy from tides and waves, wind turbines situated offshore could be a cheaper and cleaner 
replacement for energy requirement and security. 

2. Opportunities in renewable energy 

Figure 2: Tidal power generation (Adapted from Uddin and Islam, 2019). 
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3. Opportunities in biotechnology 
Biotechnology is a highly science driven industry sector that uses living organisms and their derivatives 
to produce products. In the blue biotechnology and blue economy, molecules and substances from 
water origin are primary targets. One of the uses and application of biotechnology in the blue economy 
is the culture of fish (mariculture and aquaculture). Principal area of possible application of 
biotechnology is in the introduction of growth promoter gene which could increase growth 
significantly and reduce drastically cost of production and duration. 

Heppell et al (1998) highlighted that, DNA vaccines are harmless, modest and proficient to be utilized 
as a part of aquaculture industry for disease control. The use of monoclonal antibiotics and DNA 
probes for diagnostic strategies for pathogens is also a veritable opportunity (Fig. 3). Application of 
biotechnology tools in stock assessment, genetic variation studies etc. Several molecular tools; 
mitochondrial DNA (mtDNA), Nuclear DNA (nDNA), DNA chips (micro arrays), (marine natural 
products), micro satellite DNA markers are useful for fish identification and management. (Olsen et al 
2000, Komoroske et al, 2017). 

Figure 3: Transformation of Blue biomass into industry or process sectors (Adapted from Uddin and 
Islam, 2019). 

4. Opportunities in pharmaceutical
Bioresources from marine and fresh water like modern chemical compounds, enzymes, drugs etc. are 
new and highly precious resources that has high impact in the life of people. According to Uddin and 
Mohammed (2019), example of these new areas includes bioprocessing, ecological remediation etc. 
According to Ebel and Joseph (2015), marine fish, sponges, molluscs and bacteria are the main sources 
of bioactive compounds that shows various anti-tumour, anti-inflammatory, analgesia, 
immunomodulation allergy and anti-viral properties. 

Other areas of growing business are nutraceutical products like pre-biotic, minerals, fibres, omega-3 
etc (Fig 4). 

As of march 2018, the US FDA has approved seven marine derived drugs for clinical use and another 
22 were at different stages of clinical trials (Mayer, 2018). 
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Figure 4: Prospects of marine bioresources to clinical development (Adapted from Uddin and Islam, 
2019). 

The production of marine fish species will extend the utilization of species that are cultured. New 
methods of breeding and application of genetics (triploidization, tetraploid induction and interploidy 
induction) will all lead to increase fish yield. Other areas where the blue economy will enhance fish 
biomass and yield are (i) increasing culture of biomass from marine resources (ii) increase in controlled 
culture of both marine and fresh water fish species. Blue economy will eventually lead to market 
expansion and product innovation. 

In 2015, all United Nations member states adopted a development policy of sustainable development 
goals (SDG). The 17 global goals provide a global blue print for peace and prosperity of people and the 
planet and set to be achieved by 2030. Goal 13 labelled life below water, concerns conservation and 
sustainable use of the oceans, seas and marine resources for sustainable development and demands. 
The oceans and seas are key sources of food, energy and minerals. 

International Business Relations and Activities

The United Nation specifies blue economy to include range of activities related to oceans, seas and 
coastal areas. This is principally to promote economic growth, social inclusion and preserve livelihoods. 

Nigeria's' establishment of a full-fledged ministry of marine and blue economy in 2023 demonstrates the 
realization of the potential inherent in the ocean resources, the global and local surge in deep sea 
exploration. The ministry set a target of establishing at least five (5) new fish processing plants by 2025. 

According to Uddin and Islam (2019) despite the huge possibilities in blue economy, challenges with 
respect to its exploration exist. This includes ocean acidification. This can only be handled by joint 
activity at a global level, otherwise the potential will mostly be a mirage. 
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1: Marine unconventional fisheries items, their present status and recommended extraction practices 

xxxv

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE  OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA 2024



 (1998) Development of DNA vaccines for aquaculture. In Gal, YL., and Halvorson, HO. (Eds.), 

 http://marinepharmacology.midwestern.edu/clinPipeline.htm (accessed 13 June 2018) 
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In conclusion, government should urgently understudy the potential of fisheries and fisheries products 
in the ocean as very little is known about their ecological status, potential harvest and utilization. 
According to Uddin et al, (2019), allowing commercial exploitation will require detailed knowledge of 
the abundance of the target species. For example, Size at sexual maturity is needed to know to set size 
limits to protect immature species, Identification of the areas where these species occur is needed to 
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develop a marine fisheries management plan to sustainable management marine conventional and 
unconventional fisheries. Development of a legal framework covering all unconventional fishery items 
is important before commercial exploitation these species start. The Government should actively 
promote sustainable exploitation and conservation of unconventional fisheries through providing 
training, awareness building and market development. With the vast ocean water available, Nigeria has 
the potential to massively exploit the resources in them for the well being of the nation. 
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Water quality is defined as the suitability of water for the survival and growth of fish and is governed by 
many variables (APHA 2017) . Concerns about water quality are directly related to its production and 
therefore water quality parameters are of greatest concern to fish farming and are important to 
consider in fish culture ( David et al 2015). Water is a critical factor in the life of all aquatic species. In 
aquaculture, any characteristic of water that affects the survival, reproduction, growth, or 
management of fish or other aquatic creatures in any way is a water quality variable. One of the major 
environmental issues of our time is the growing demand of water quality conditions suitable for aquatic 
organisms like fish APHA  (2017).  Heavy metal contamination in aquatic environments has continued 

INTRODUCTION

ABSTRACT
Assessment of Water Quality and Heavy Metals in Water, Fishes and 
Sediments of Kiri Reservoir, Adamawa State was conducted for the 
period of eight months from January to August, 2024. Data were 
collected from three different Sites monthly in triplicate. Some 
water quality parameters were measured at the sites while others 
were analysed in the laboratory. Heavy metals were determined using 
Atomic Absorption Spectrophotometer. Water quality parameters 
showed some slight but were within recommended levels for tropical 
fisheries. Chromium and Cadmium were below detection levels. 
Copper, Nickel and Lead were slightly above the recommended 
permissible limits. All heavy metals investigated were in measurable 
amount in sediments. Cadmium, Chromium and Lead in Sediments 
were beyond permissible level. Heavy metals in fish revealed that 
Copper, Nickel and Lead were present in fish. The maximum value of 
Copper in fish did not exceed the allowable limit of 3.0 mg/kg. The 
maximum values of nickel were within the recommended limits of 
0.5-0.9 mg/kg. The maximum values of Lead exceeded the 
maximum limit of 0.2 mg/kg. Therefore, Kiri Reservoir can be 
suitable for the survival and growth of fish although slightly 
contaminated. 

KEYWORDS:
Water quality, Heavy metals,
Sediments, Reservoir.
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to attract global attention, this is due to their abundance, wide range of sources and bioaccumulation 
sediments (Ekpechi, and Okori, 2022). It has been found to react with some organic substances under 
certain conditions to convert them into even more toxic metal-organic complex pollutants. According 
to Edward (2020) heavy metals cannot be degraded, they are deposited, assimilated or incorporated in 
water sediment and aquatic animals. Kiri reservoir is the main source of water for irrigation, fishing, 
domestic and industrial purposes in that area, Agricultural activity like farming takes place in Kiri and 
environ in which Fertilizers, Pesticides and herbicides are extensively used to increase yield and also to 
control pests, diseases, weeds and other plant pathogens, also other domestic wastes can generated 
flows into the reservoir and may contaminate the water with a variety of contaminants especially heavy 
metals. With changing environmental conditions under increasing anthropogenic activities which 
might affect the nature of Kiri Reservoir and might also leads to drastic changes in it biological 
productivity,  hence the need for this research.

MATERIALS AND METHODS
Study Area
 The research was carried out in Kiri reservoir. Kiri reservoir is located on floodplain of lower Gongola 
River basin, about 25km upstream of its confluence with River Benue at Numan Zemba, (2016).  The 
research was conducted for the period of eight months, January to August, 2024.

Fish, water and sediment sampling, digestion and heavy metal determination

Temperature, pH, Electrical conductivity, and Transparency were measured directly on water samples 
at the sampling stations using mercury bulb thermometer, pH meter, conductivity meter as 
recommended by ((APHA 2017)). The total dissolved solid was determined as described by (WHO, 
2022). Determination of heavy metals in the water samples were determined as described by the 
American- Public Health Association (APHA 2017). Water samples were digested and determination 
of Copper, Zinc Lead, Cadmium and Iron were made directly on each final solution using Atomic 
Absorption Spectroscopy (AAS) (VGP 210.

Water quality parameters

Fish species Clarias gariepinus, Oreochromise niloticus and Aucchenoglanis occidentalis, water and 
sediments were collected from the study area from January to August, 2024 forth nightly in triplicate. 
Samples were digested with tri-acid mixture of sample and were placed on a hot plate at 100°C 
temperature. The sample was allowed to cool and then filtered through whatmann 41 filter papers. 
Determination of Heavy metal like Cd, Cu, Ni, Pb and Z were made directly on each final solution 
using a Buck Scientific 200A model, Atomic Absorption Spectrophotometer (AAS) and the values 
obtained was expressed in milligram per kilogram (mg/kg)  (APHA 2005). Data obtained in this study 
was analyzed using one way Analysis of Variance (ANOVA). LSD± was used to separate means at 
P>0.05 level of confidence.

The mean variation of water quality parameter is presented on Table 1. The result of the study showed 
some slight variation in water quality parameters between sampling sites and months of sampling. The 
slight variation in some of the parameters could be attributed to the flow variability and changes in 
water shed condition. This agrees with the observation by (Edward et al, 2016) who reported that the 
high variability of water quality may be due to impact of many factors such as rainfall, surface run-off 
from farms, tributaries and catchments activities during the wet and dry season periods. The result of 
the heavy metals in water, fish and Sediment is presented on Table 2. The results of the analysis of 
heavy metals in water showed some variations in this study. Cadmium and chromium were beyond 

RESULTS AND DISCUSSION
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detection level in water samples. The non-detection of these heavy metals may be due to the inability 
of the metals to dissolve in water and got deposited to the bottom in the sediments as observed in this 
study and this is because water sediment are metal reservoirs trapping all the heavy metals that escape 
detection in water. Research has revealed that nearly all metal content in aquatic environment resides 
in water sediment (Edward, 2020)). This could be attributed to the variations in natural and 
anthropogenic activities at the sampling sites. The result of heavy metal in fish showed a significant 
variability in the accumulation from the sampling months which principally depended on the 
bioavailable of metal concentration in their aquatic habitats (Edokpayi et al, 2016). The accumulation 
of heavy metals in fish species were found to be influenced by several factors like temperature, pH of 
water, conductivity, rainfall, hardness, salinity and also by biotic community interaction. The variation 
in metal concentration in the fish might be due to different sources of metal pollution, intensive human 
activities and discharge of municipal waste. Generally, heavy metal concentrations in the tissue of 
freshwater fish vary considerably among different studies (Nkinda et al, 2021), possibly due to 
differences in metal concentrations and chemical characteristics of water. Cadmium and Chromium 
were below detection level in fish organs. 

4

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA



T
ab

le
 1

: 
M

ea
n

 W
at

er
 Q

u
al

it
y 

P
a
ra

m
et

er
s 

of
 K

ir
i 

R
es

er
vo

ir

M
o
nt

h
s 

 

T
E

M
P

 

P
h

 

E
C 

T
R

A
N 

D
O

 

B
O

D

 

A
M

M

 

A
L

K

 

P
0

4

 

N
O

3

 

JA
N

22
.1

3±
0.

87

 
7
.5

8±
0
.3

8

 
85

.8
1
±

9.
9
2 

19
.7

9±
2.

00

 
8.

26
±

0.
25

 
3.

47
±

0.
32

 
0.

05
±

0.
03

 
88

.3
7±

5.
01

 
3.

19
±

0.
37

 
4.

39
±

0.
42

F
E

B
21

.0
5±

0.
85

 
7
.7

4±
0
.3

7

 
84

.5
3
±

9.
8
2 

17
.0

0±
2.

30

 
7.

88
±

0.
26

 
3.

78
±

0.
38

 
0.

06
±

0.
07

 
81

.8
5±

5.
01

 
2.

41
±

0.
67

 
3.

46
±

0.
42

M
A

R
 

26
.1

4±
0.

83
 

7
.5

5±
0
.3

4
 

80
.1

5
±

9.
9
2 

16
.7

1±
2.

07
 

8.
47

±
0.

25
 

3.
47

±
0.

32
 

0.
04

±
0.

03
 

97
.7

5±
5.

01
 

2.
65

±
0.

37
 

2.
83

±
0.

42
A

P
R

 
26

.7
7±

0.
85

 
7
.4

1±
0
.3

7
 

80
.3

2
±

9.
8
2 

17
.6

1±
2.

00
 

7.
53

±
0.

29
 

3.
52

±
0.

39
 

0.
05

±
0.

03
 

97
.1

7±
5.

01
 

2.
53

±
0.

37
 

3.
61

±
0.

42
M

A
Y

 
27

.8
7±

0.
83

 
7
.0

1±
0
.3

8
 

11
1
.4

7±
9.

90 
24

.6
5±

2.
00

 
7.

07
±

0.
27

 
2.

86
±

0.
34

 
0.

07
±

0.
03

 
92

.1
9±

5.
01

 
1.

62
±

0.
27

 
1.

97
±

0.
42

JU
N

27
.7

5±
0.

85
 

7
.4

6±
0
.3

7
 

10
5.

3
4±

9.
92 

25
.7

2±
2.

08
 

6.
76

±
0.

25
 

3.
10

±
0.

32
 

0.
08

±
0.

09
 

79
.8

9±
5.

21
 

2.
96

±
0.

37
 

2.
54

±
0.

47
JU

L
27

.9
3±

0.
85

 
7
.7

9±
0
.7

7
 

93
.9

0
±

9.
9
2 

30
.7

2±
2.

00
 

7.
79

±
0.

15
 

3.
73

±
0.

31
 

0.
08

±
0.

02
 

85
.2

2±
5.

04
 

2.
83

±
0.

47
 

2.
63

±
0.

42
A

U
G

 
28

.4
3±

0.
89

 
7
.7

2±
0
.3

2
 

75
.4

8
±

9.
9
4 

32
.6

1±
2.

00
 

5.
68

±
0.

25
 

4.
14

±
0.

36
 

0.
09

±
0.

03
 

11
0.

33
±

5.
01

 2.
06

±
0.

36
 

4.
05

±
0.

43
 

M
E

A
N

 
 

26
.0

1
±

0.
89

 
7
.5

3
±

0.
32 

89
.6

3
±

9
.9

4 
23

.1
0

±
2.

00
 

7.
43

±
0.

25
 

3.
51

±
0.

36
 

0.
07

±
0.

03
 

91
.6

0
±

0.
03

 
2.

53
±

0.
36

 
3.

19
±

0.
43

P
b

-L
ea

d
, C

u
-C

op
p

er
, C

d
-

 
C

a
d

m
iu

m
, N

i-
N

ic
k

el
, C

r-
C

h
ro

m
iu

m
. 

T
ab

le
 

2
: 

M
ea

n
 H

ea
v
y 

M
et

a
ls

 i
n

 w
at

er
, F

is
h

 a
n

d
 S

ed
im

en
t 

of
 K

ir
i 

R
es

er
vo

ir
 

   
  

   
   

   
   

   
  

 
W

at
er

 
   

   
   

   
   

   
  

 
F

is
h  

   
   

   
   

   
   

   
   

   
  S
ed

im
en

t
 

M
on

th
 

P
b

 
C

u
 

N
i

 
P

b  
C

u  
N

i  
C

r
 

C
d

 
P

b
 

C
u

 
N

i
 

JA
N

0.
02

±
0.

7
1

 
0.

27
±

0.
66

 
0
.0

4±
0
.0

5
 

0
.0

4±
0.

10  
0.

44
±

0.
13

  
0.

04
±

0.
02

 
0.

56
±

2.
82

 
0.

86
±

0.
29

 0.
62

±
0.

28
 18

.4
5±

0.
51

 9.
80

±
0.

63
F

E
B

0.
03

±
0.

2
1

 
0.

33
±

0.
06

 
0
.0

4±
0
.0

9
 

0
.4

1±
0.

10  
0.

62
±

0.
13

  
0.

07
±

0.
02

 
0.

56
±

2.
78

 
0.

81
±

0.
24

 0.
93

±
0.

24
 17

.8
7±

0.
36

 9.
71

±
0.

65
M

A
R

 
0.

03
±

0.
11

 
0.

12
±

0.
07

 
0
.0

3±
0
.0

1
 

0
.2

2±
0.

10  
0.

67
±

0.
13

  
0.

07
±

0.
02

 
0.

50
±

2.
98

 
1.

03
±

0.
26

 0.
58

±
0.

22
 17

.5
0±

0.
54

 9.
94

±
0.

68
A

P
R

 
0.

02
±

0.
6
1

 
0.

11
±

0.
06

 
0
.0

4±
0
.2

9
 

0
.2

5±
0.

10  
0.

58
±

0.
13

  
0.

08
±

0.
02

 
0.

49
±

2.
76

 
0.

78
±

0.
23

 0.
51

±
0.

24
 17

.9
1±

0.
51

 10
.3

1±
0.

65
M

A
Y

 
0.

04
±

0.
11

 
0.

27
±

0.
09

 
0
.0

4±
0
.0

7
 

0
.0

5±
0.

10  
0.

61
±

0.
13

  
0.

09
±

0.
02

 
0.

06
±

2.
70

 
2.

96
±

0.
94

 0.
62

±
0.

28
 19

.0
5±

0.
58

 9.
51

±
0.

65
JU

N
0.

03
±

0.
3
1

 
0.

26
±

0.
06

 
0
.0

5±
0
.0

9
 

0
.2

4±
0.

10  
0.

55
±

0.
13

  
0.

08
±

0.
02

 
0.

07
±

2.
77

 
1.

11
±

0.
24

 0.
93

±
0.

24
 18

.0
1±

0.
16

 10
.2

7±
0.

63
JU

L
0.

04
±

0.
11

 
0.

20
±

0.
05

 
0
.0

6±
0
.7

9

 
0
.0

9±
0.

10  
0.

73
±

0.
13

  
0.

08
±

0.
02

 
0.

59
±

2.
74

 
0.

93
±

0.
27

 0.
58

±
0.

22

 19
.7

4±
0.

56

 7.
90

±
0.

64
A

U
G

 

0.
05

±
0.

1
9

 

0.
19

±
0.

16

 

0
.0

3±
0
.0

9

 

0
.0

7±
0.

10  

0.
46

±
0.

13
  

0.
07

±
0.

02

 

0.
87

±
2.

71

 

0.
71

±
0.

24

 0.
51

±
0.

24

 19
.4

3±
0.

56

 8.
35

±
0.

61

 
 

 
 

 
 

 
 

 
 

 
M

E
A

N

 

0.
03

±
0.

19

 

0.
22

±
0
.1

6

 

0
.0

4
±

0
.0

9

 

0
.1

7
±

0
.1

0  

0.
58

±
0.

13

 

0.
07

±
0.

02

 

0.
46

±
2.

71

 

1.
15

±
0.

24

 0.
66

±
0.

24

 13
0.

96
±

0.
56

 

9.
47

±
0.

61
P

b
-L

ea
d

, C
u

-C
op

p
er

, C
d

-

 

C
a
d

m
iu

m
, N

i-
N

ic
k

el
, C

r-
C

h
ro

m
iu

m
.  

5

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA



CONCLUSION
In conclusion therefore, a slight variation in Water quality parameters between sampling months was 
observed.  Not all the heavy metals investigated were in measurable amount in water, Chromium and 
Cadmium were below detection levels. Copper, Nickel and Lead were slightly above the 
recommended permissible limits. All heavy metals investigated were in measurable amount in 
Sediments. Cadmium, Chromium and Lead in Sediments were beyond permissible level. Heavy 
metals in Fish investigated revealed that Copper, Nickel and Lead were present in Fish. The maximum 
value of Copper in Fish did not exceed the allowable limit. Therefore, Kiri Reservoir can be suitable for 
the survival and growth of fish although slightly contaminated.  Assessment of water quality 
parameters and heavy metals in water, sediments and fish should be done regularly to ascertain the 
healthy state of Kiri reservoir.

All the heavy metals investigated were present in sediments. Unlike in water and fish.  The reason why 
all these heavy metals were found in sediments may be due to the inability of these metals to dissolve in 
water and got deposited to the bottom in the sediments. Sediments are metal reservoirs trapping all the 
heavy metals that escaped detection in water. Research has revealed that nearly all metals content in 
aquatic environment resides in water sediments (Ekpechi, and Okori, 2022). The result of the heavy 
metal in sediments in this study showed some variability of metal levels. This variation could be 
attributed to variation in environmental content of different sampling months as well as the diversity of 
the different activities taking place around the study area.
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INTRODUCTION 
Phytoplankton is microscopic aquatic plants, occurring as unicellular, colonials or filamentous forms 
without any resistance to current and free floating or suspended in the open water. Phytoplankton is 
vital and important organisms which act as producer to the primary food supply in any aquatic 
ecosystem. Hassan et al.(1995). They are the initial biological components for which energy is 
transferred to higher organisms through food chain (Tiwari and Chauhan, 2006; Saifullah et al., 2014). 
Almost all species of phytoplankton move at the mercy of water current for transport to areas that are 
suitable for their survival and growth. Physical and chemical properties of water play a significant role 
in determining the distribution of phytoplankton species. Thus phytoplankton varies widely in physical 
and chemical requirements for population growth (Rani et al., 2012). The physicochemical parameters 

1 1  1  1  2 1
Apollos T. G, A. Edward, S. D Duwal, P.M Ziga,  V.R Ndeham And  M. M Kutte

EFFECTS OF PHYSICOCHEMICAL PARAMETERS ON PHYTOPLANKTON 
DIVERSITY AND ABUNDANCE IN BLATAVA RESERVOIR, MARARABA 
HONG LOCAL GOVERNMENT OF ADAMAWA STATE.

1Department of Fisheries and Aquaculture Adamawa State University Mubi.
2Department of Fisheries Federal Polytechnic, Mubi

ABSTRACT 
Study was carried out to determine the phytoplankton compositions 
in relation to physicochemical parameters of Blatava Reservoir in 
Mararaba Hong. Water samples were collected from the reservoir for 
six (6) weeks and standard method was used for the analysis of the 
physicochemical parameters. Results obtained show that there is 
variations in some of the physicochemical parameters. The mean 
temperature value of 17.00±670C, pH of 5.20±21, Turbidity of 
12.23±49cm, Conductivity 784.94±0.00µs/cm and Dissolved 
Oxygen value of 6.31±23mg/L was obtained respectively.  While 
element such as; Ammonium,  Nitrogen, Phosphorus, Silicon,  
Calcium,  Copper  Zinc and Cobalt were found to be 12.18mg/L, 
384.51±00mg/L, 17.49±68mg/L, 4.75±34mg/L 1.13mg/L 
0.00±00mg/L, 7.45mg/L, and  63.52±25mg/L respectively. A total 
of 13 species belonging to four divisions were discovered during the 
study period. Bacillariophyta were found to have the highest number 
of species with 6 species resulted to  (70.13%)  followed by 
Chlorophyta with 3 species which resulted to (17.53%), 
Cyanobacteria with  3 species and a total of (10.39%) and 
Dinoflagelate with 1 species and a total of  (1.95%).  Results from the 
research shows that, physicochemical parameters have effects on the 
distribution and diversity of phytoplankton species of the pond, 
though there is no harsh effect on the biotic community because no 
record of any toxic species found in the reservoir. 

Keywords:
Physicochemical Parameter, 
Phytoplankton, Bladava
Reservour and Hong.
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MATERIALS AND METHODS

For the Physiochemical parameters, temperature was taken directly at the study area (in-situ) using 
mercury bulb thermometer. The bulb was placed in water and the reading taken after two minutes, to 
achieve the equilibrium as describe by Ali et al., (2000). pH of the water body was determined at the 
study area using pH meter. Sechi disc was used to determine the transparency of the water body as 
described by Stirring (1985). Dissolved Oxygen (DO) was determined with (DO) meter. Electric 
Conductivity (EC) of the water body was determined, using conductivity meter as described by Ali et 
al., (2000). Water samples were collected from the study area using sample bottles and then 
transported to the Chemistry laboratory, for  analysis of the following elements Ammonia (NH4), 
Nitrogen (N), Phosphorus (P), Silicon (Si), Calcium (Ca), Cupper (Cu), Zinc (Zn) and Cobalt (Co), 
using Atomic Absorption Spectrometer as described by Radojevic and Bashkin (1999)
Data obtained were analyzed using simple descriptive statistics and Analysis of Variance (ANOVA) to 
determine the level of significant of the values.

Changes in physicochemical parameters of ecosystems have a substantial impact on the species that 
live within them. The interplay of physicochemical parameters and biological properties of water 
obtained lead to the production of phytoplankton, while their assemblage, composition, distribution, 
diversity and abundance are also structured by these factors (Jaji, 2007). Phytoplankton are possibly 
the most important group of organisms on earth generating most of the oxygen and also produce 
vegetative matter required at various links in a food chain (Jyothi et al., 2015). They form good 
indicators of water quality as they have rapid turn-over time and are sensitive indicators of 
environmental stresses (Agale et al., 2013). Phytoplankton communities are affected by 
physicochemical parameters, making them valuable tool in monitoring programs. Phytoplankton 
survey thus helps to find out the trophic status and the organic pollution in ecosystem (Ramchandra 
and Solanki, 2007). They are highly sensitive to even slight fluctuations in water quality, maximum 
phytoplankton abundance is obtained when the physicochemical parameters are at optimum level; 
even slight disruption result in disequilibrium of community structure and absence of some species 
from the system (Fonge et al., 2012). As a result, species composition of phytoplankton community is 
an efficient bio-indicator for water quality (Celekli and Kukuiluglu, 2006). This study served as a 
baseline for further studies in the study site and attempts to provide a survey of phytoplankton 
distribution and abundance in relationship to the physicochemical parameters in Blatava Dam.

Phytoplankton 
A total of 13 different species of Phytoplankton were recorded and complied systematically placing 
the species into 4 divisions as shown in Table 1.

RESULTS

are the major factors that control the dynamics and structure of the phytoplankton of an aquatic 
system (Hulyal and Kaliwal, 2009). 

The study was carried out in Blatava Dam to determine the effect of Physicochemical Parameters on 
phytoplankton distribution and abundance. Water Samples were collected bi-weekly for the period of 
three months. Collection was done in the morning (7:00am). Plankton net was used to collect the 
phytoplankton samples by stroking from depth of about 30cm vertically upward and at the water 
surface and horizontally. Collected samples were carefully poured into plankton bottle, fixed with 2ml 
of ethanol. The samples were allowed to settle and the supernatant was then decanted. After 
decanting, concentrated plankton were analyzed. A dropping pipette was used to place the 
concentrated plankton on a slide and covered with cover slip and viewed under microscope. 
Phytoplanktons were determined in triplicate using quantitative analysis and identified according to 
the method described by Jeje and Fernando, (1986). 
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The result for physicochemical parameters recorded during the course of the research is shown in Table 
2. The highest temperature was recorded in August with the value of 20.10±0.460C. The pH of the 
study area showed no remarkable variation. Turbidity was high with the average value of 12.50±0.52 
cm throughout the period of the study. Dissolved Oxygen (DO) values for the period under study 
showed no much variation with mean value of 6.30±0.42mg/L. The ammonium concentration 
increases in June with 4.23±0.22mg/L. 

Physicochemical parameters 

Table 1. 
Table 1: Abundance of Phytoplankton 

Division Class Order

Bacillariophyta Bacillariophyceae

Coscinodiscophyceae

Naviculales

Thalassiosirales

Chlorophyta Zygnematophyceae

Trebouxiophyceae

Zygnematales

Chlorellales

Cyanopyta Cynophyceae

Cyanophyceae

Oscillatoriales 

Chroccocales

Dinoflagellate Chroccocales

Table 2: Physicochemical Parameters of Blatava Reservoir 

Months 

Temp (0C)

Physicochemical 

pH

Parameters

Turbidity   

( cm) 

Conductivity 

(µS/cm)

DO (mg/L) NH4 (mg/L)

June 23.02±0.32c 6.2±0.21 12.60±0.22 786.52±0.21 6.25±0.12 4.23±0.22

July 21.00±0.56b 5.2±0.24b 12.40±0.34 785.57±0.24 6.34±0.22 2.25±0.32

August 20.10±0.46 5.2±0.56b 12.10±0.52 784.60±0.27 6.33±0.42 2.00±0.52

Mn 17.67 5.2 12.5 785.94 6.30 3.48

V 2.89 1 0.01 0.25 0.001 0.13

SD 1.70 1 0.1 0.5 0.03 0.36

Mean in the same row with the same superscript do not differed significantly P≤ (0.05)
Key: Temp (Temperature), pH (Potencial of Hydrogen), Turb (Turbidity), EC (Conductivity), DO 
(Dissolved Oxygen), NH4 (Ammonium), Mn (Mean), V (variance), SD (Standard Deviation).
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Elementals 
The concentration of trace element in the reservoir is shown in Table 3. All the trace elements were 
present except Silicon. The variation in the concentration of the trace elements was not remarkable 
during the course of the research.

Table 3: Abundant Elements 

Month

N P

Elements

Si Ca Cu Zn Co

June 4.61±0.34b 63.52±0.23a 0.00±0.00a 384.15±0.45a 7.42±0.23a 12.15±0.10a 1.12±0.11a

July 4.64±0.23b 63.55±0.12a 0.00±0.00a 384.17±0.11a 7.44±0.45a 12.19±0.12a 1.13±0.12a

August 5.00±0.10a 63.50±0.45a 0.00±0.00a 385.20±0.42a 7.48±0.23a 12.20±0.24a 1.13±0.32a

Mn 4.75 63.52 0.00 384.51 7.45 12.18 1.13

V 0.03 0.04 0.00 0.24 0.01 0.01 0.03

SD 0.17 0.02 0.00 0.49 0.03 0.02 0.05

The elements found in Blatava reservoir shows that Nitrogen is high during the month of August with 
the highest value of 5.00mg/l.  This finding agreed with the work of Funge  et al., (2012). In his study 
on Phytoplankton diversity and abundance in Ndop wetland plain of Cameroon.  Phosphorus has the 
highest value of 63.55 in the month of July. The reservoir has no silicon during the course of the study. 
The highest value of Calcium was recorded in August with the value of 385.20mg/l. Table 2. The values 
of calcium were low during the course of the study because calcium supports many structures of 
aquatic animals such as tissues of fish and shells of mollusk according to Jeje and Fernando (1986). The 
abundance of phytoplankton observed during the course of the  study shows that; Bacillariophyta has 
six different species, with  (Actinocy clusingens, Actinocy clusellipticus, Morenensis, Dendriculopsis 
praedimorta, Bogorovia praepalacea, Diploneisbombus, Stephanodiscus sp., followed by Chlorophyta  
and Cyanobacteria with  three species each which include: Spirogyra spp., Tetraeron trigonium, 
Oocystisso litart . Cyanobacteria   and  Gloeocapsa spp., Oscilltoria spp., Merismopedia sp 
respectively. Dinoflagelate has only one specie i.e  Ceratium hirundinella.

DISCUSSION 
Physicochemical parameters of Blatava reservoir varies base on the parameters taken within the period 
of the study. Among the parameters recorded, temperature, recorded the highest value in June with 
23.02. While, the highest pH value of 6.22 was also recorded in June.  All the pH values recorded 
during the course of the research are within the range of 6.5 to 8.0 for all warm water fishes. These 
values agree with the work of Avoaja, (2005) which discovered that the range of pH between 6.27 to 
8.68 is conducive for aquatic life. Conductivity has the highest value of 785.60, in June.   While DO 
(Dissolved Oxygen) has the highest value of 6.33 in August. Table 1, this findings agreed with the work 
of Abubakr et al., (2015). In his study on Preliminary survey of fish diversity in the Hadeja  Nguru 
Wetlands and found out  that most value of tropical waters have high dissolved oxygen during the 
inflow of rain water to the reservoir.

Key: N (Nitrogen), P (Phosphorus), Si (Silicon), Ca (Calcium), Cu (Copper), Co (Cobalt), Mn 
(Mean), V (Variance), SD (Stanrdard Deviation).

Mean in the same row with the same superscript do not differed significantly P≤ (0.05)
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The study revealed that some physicochemical parameters and mineral element have influence on the 
distribution and diversity of phytoplankton species of the reservoir. Also increase in this trace element 
will have no significant effect on the biotic community. No trace of any toxic species in the reservoir. 
The division Bacillariophyta which was found to be dominant in the reservoir indicates that they need 
elements such as Nitrogen and Phosphorus to multiply very easy.

CONCLUSION 

Ali W., Afsheen.Z, Zarina .A, and Beena. N (2000) Effect of salinazation and alkalinazation on seed 

Chauhan Shakti (2006) Evaluation of dynamic elastic polypropylene composites. Journal of Applied 

Fonge B. Ambo M.G. and Oben M (2012)  Phytoplankton diversity and abundance in Ndop wetland 

 Hadeja  Nguru Wetlands. International Journal of Biological Science 2(1) 23-29

REFERENCES

Rani .K., Rana. R, and Datt. S. (2012) Review on latest overview of proteases. International journal of  

Jeje and Fernando (1986) Zooplankton assemblage of Oyun Reservoir, Offa Nigeria  Revista de 

Ramachandra T. Solaki M. (2007). Ecological assessment of lentic water bodies of Bangalore. Somatic 

Radojevic M. and Bashkin V.N (1999). Practical Environmental Analysis first edition. The royal society 
 Biologia Tropica 57(4)

I want to acknowledge the M.D of Baraza Resort for allowing us to carried out the research. I also 
acknowledged the management of Adamawa State University Mubi for allowing us to use the 
laboratory equipment for the analysis.

Water quality and phytoplankton abundance of Blatava reservoir can be improve by monitoring the 
pollution status of the reservoir regularly.

RECOMMENDATION

Abubakar .M.M, Kutama. A.S. and SulaimanI.M, (2015). Preliminary survey of fish diversity in the  

Avoja  D.A (2005) The Ecology and fish fauna of Elgon East Africa. Animal Research International

ACKNOWLEDGEMENTS

 germination and early seedling growth of leguminous species. Journal of plant Science 6(1) 1- 11

 Science (102) 2 1706-1711

 plain Cameroon. Journal of Environmental Science and Technology 6(6)

 Current Life Science 2, 12-18
Jaji. M. Bamgbose .O., Arowolo .T., and Odukoya .O., (2007) Water Quality Assessment of Ogun River 
 South West Nigeria  Environmental monitoring and Assessment 133, 447-482

 of chemistry Uk. 466

 scholar.
Stirring (1985).  Effect of stirring on cellulose graft copolymerization V. influence of reaction 
 parameters. Journal of applied polymer Science 30(10) 4175-4186

12

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

1
Department of Fisheries and Aquaculture, Bayero University, Kano, Nigeria.

Correspondence Author:
imsani.faq@buk.edu.ng, 08035337548, 0000-0002-9377-0586

ACUTE TOXICITY AND PROXIMATE COMPOSITION OF Datura 
innoxia STEM ON Clarias gariepinus JUVENILES
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INTRODUCTION
The reduction in water quality cannot be ruled out as a major contributing factor to declining aquatic 
productivity and fish catches. The increase in the use and application of pesticides poisonous plants in 
agriculture in Nigeria today, which contributes greatly to aquatic pollution and hence reduction in 
water quality is mainly due to the increase in agricultural activities. Fish are one of the most widely 
distributed organisms in an aquatic environment and being susceptible to environmental 
contamination may reflect the extent of the biological effects of environmental pollution in waters 
(Ramesh et al., 2009). Fish are widely used to evaluate the health of aquatic ecosystems, and 
biochemical changes observed in fish serve as biomarkers of environmental pollution (Cavas and 
Ergene-Gözükara, 2005). Datura innoxia is a highly toxic plant that belongs to the Solanaceae family. It 
contains a range of active compounds, such as hyoscyamine, scopolamine, and atropine, which are 
known to have hallucinogenic and toxic effects (Prado et al., 2009). Understanding the impact of 
Datura innoxia on fish species is important for managing and protecting aquatic ecosystems and the 
organisms that rely on them. Datura innoxia is a multipurpose plant widely available in the tropics, the 
leaves, seeds, stem, fruits and roots have economic importance for industrial and medicinal uses. In 
Nigeria, despite the widespread use in demarcation, garden and medicinal purposes, their toxicity and 
effectiveness of the Datura innoxia  stem to aquatic organisms, particularly fish, have not receive much 
attention. Mortality or bioassay experiments in general present the most preferred way to evaluate the 
ecological influence of toxic compounds as their effects on fish and ecological risks cannot be 

This study was carried out to determine the toxicity, phytochemical and 
proximate composition of Datura innoxia stem to Clarias gariepinus. 
The range – finding test was conducted twice in order to get reliable 
values that could be used for the definitive test. The toxicant (Datura 
innoxia stem) was introduced at varying concentrations of 300mg, 
330mg, 360mg, 390mg and 420mg in the first range- finding test, 
however, in the definitive test, the toxicant was introduced at varying 
concentrations of 320mg, 330mg, 340mg, 350mg and 360mg of Datura 
innoxia stem per litre of water (mg/l). From the definitive test, the 
Median Lethal Concentration of Datura innoxia stem powder to Clarias 
gariepinus was found to be 334.370 mg/l. The result also shows that 
proximate composition were within acceptable limits. The water 
quality data were analyzed by subjecting them to one way Analysis of 
Variance (ANOVA).Thus, the study indicates that Datura innoxia stem 
is toxic to Clarias gariepinus juveniles.

ABSTRACT

Keywords:
Bioassy, lethal
concentration,
mortality
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One hundred and Eighty (180) of C. gariepinus (mean weight, 19.56 ± 0.7g and 31.07±1.23g juveniles 
were used for the study, fish were purchased from a reputable fish farm from Kano, Kano State.

Source and Preparation of Datura innoxia

determined by chemical analysis (Baser et al., 2003).

Experimental Site
The experiment was conducted at the Fish Hatchery Laboratory of the Department of Fisheries and 
Aquaculture, Bayero University, Kano, Nigeria.

MATERIALS AND METHODS

 Experimental fish

Proximate analysis of Datura innoxia stem

Experimental Design

Data were analysed using Minitab 16 for summary of statistics in water quality parameter. The mean 
lethal concentration (LC50) for 96 hours was computed using probit analysis (Finney, 1971).

The moisture content, ash content, crude protein, ether extract and crude fibre of the experimental 
Datura innoxia stem were determined using AOAC (2005) techniques in the Department of Animal 
Science, Bayero University Kano. 

Range and Definitive Test

Completely randomized design was used for the experiment. A total of eighteen (18) plastics tanks of 
(60cmx40cmx40cm) capacity were used. The plastic tanks were washed thoroughly and then filled 
with 20 litres of water. All plastic tanks were labelled. Fish were weighed and distributed at the rate of 
10 fish per tank. A total of one hundred and eighty (180) of C. gariepinus juveniles were randomly 
stocked into the tanks at a stocking rate of 10 fish per tank in triplicates.

RESULTS AND DISCUSSION

Fresh samples of D. innoxia plant were collected from Ankpa Local Government Area of Kogi State. The 
sample were separated into different part with special emphasis on the stems. The sample were air dry at 
constant weight under Laboratory condition and ground into fine powder in a clean laboratory mortar. The 
resultant powder were sieve (0.2mm) and store in air tight wide mouth bottle for analysis. 500g of each 
stored sample was dissolved in 2 litres each of distilled water at room temperature (27 ± 0.30C) for 24 
hours. The settled aqueous portion was then decanted and filtered through a Whitman filter paper using a 
vacuum pump. The filtrates were freeze dried and stored in a refrigerator (100C) for use.

Statistical Analysis

The mortality of Clarias gariepinus juvenile after 96-hours exposed to different concentration of 
Datura innoxia stem during the acute test is presented in Table 1.

Preliminary 96 hours range finding test was conducted separately for C. gariepinus s juvenile following 
static bioassay to determine the toxic range of Datura innoxia stem to C. gariepinus juveniles as 
described by Parrish (1985). For the range finding test 300mg, 330mg, 360mg, 390mg and 420mg 
Datura innoxia stem per litre of water were used and 320mg, 330mg, 340mg, 350mg and 360mg of 
Datura innoxia stem per litre of water (mg/l) were used for definitive test. Ten C. gariepinus juveniles 
were separately weighed with a sensitive electronic weighing scale (mettler Toledo FB602) and 
stocked each into the 18 tanks filled with 20 litres of tap water. The response of the fish to slight stimuli 
was used as an index of toxicity while non-response of the fish to atrazine powder estimated to be lethal 
to 50% of the test organism after 96 hour of exposure. 
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It was observed that the mortality recorded in this investigation increased with increase in the 
concentration of Datura innoxia stem. The first death was noticed 178 minutes after the introduction 
of toxicant in the bowl with the highest concentration in mercuric chloride (360mg/l). This is in 
conformity with Ayuba et al. (2007) who reported the first death in 30 minutes after introduction of 
toxicant to Clarias gariepinus in acute concentration of different parts of Datura innoxia. Olaifa et al 
(2004) reported the first death three hours after the introduction of toxicant in the exposure of Clarias 
gariepinus to lethal and sub lethal concentration of copper. Datta and Kaviraj (2002), Fafioye et al. 
(2004) and Okomoda et al. (2010) recorded the first death 36 hours after the exposure to acute 
toxicity treatment of Clarias gariepinus with synthetic pyrethyroid Deltamethrin, Raphia vinifera 
extracts and formalin respectively. Guedenon et al. (2011) recorded the first death after 30 hours 
while treating Clarias gariepinus with 120mg/l of cadmium sulphate. The duration of resistance of 
Clarias gariepinus in the present study appeared to be lowest compared to those in the aforementioned 
studies. Though Clarias gariepinus has proved to be very resistant to various toxicants. The LC50 found 
in this investigation is 334.37mg/l (Fig 1) similar to that of Isiyaku et al., (2022) when Oreochromis 
niloticus was exposed to acute concentration of tamarindus indica seed husk.
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Table 1: Mortality of Clarias gariepinus juveniles exposed to Datura innoxia stem over the 96 hr period

Treatments/

Concentration 

(mg/L)

Log

Concentration

Number 

Stocked

Mortality Probit

12 

hrs

24 

hrs

48 

hrs

72 

hrs

96 

hrs

Total % 

T0 (Control ) 0 30 0 0 0 0 0 0 0 0

T1 (320) 2.51 30 0 0 3 3 2 8 26.67 4.39

T2 (330) 2.52 30 0 3 5 3 2 13 43.33 4.82

T3 (340) 2.53 30 3 4 5 3 3 18 60 5.25

T4 (350) 2.54 30 6 5 5 2 4 22 73.33 5.61

T5 (360) 2.56 30 9 7 4 3 3 26 86.67 6.13

 

425400375350325300275250

99

95

90

80

70

60

50

40

30

20

10

5

1

Concentration

P
e

rc
e

n
t

Mean 334.370

StDev 23.5648

Median 334.370
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Table of Statistics
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Figure 1: Linear relationship between mean probit mortality and log concentration of
Clarias gariepinus exposed to various concentrations of Datura innoxia stem for 96 hrs.
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The Proximate Composition of Clarias gariepinus of Datura innoxia stem is presented in Table 2

Isiyaku et al. (2015), recorded 0.22mg/l as LC50 in an acute mercury toxicity treatment to 
Oreochromis niloticus. The median lethal concentration in this study was the highest recorded 
compared to those reported by previous workers. The chemical product being the same; the difference 
in the results could be attributable to the variety in the species used. However, the LC50 found in the 
study was by far lower than those reported with Clarias gariepinus by Ayuba and Ofojikwu (2002), 
Ezike and Ufodike (2008), Lawson et al. (2011) and Guedenon et al. (2011) who reported  
(204.17mg/l) for Dutura innoxia, (334mg/l) for petrol, (129mg/l) for Lindane (Gamma-Hexachloro-
cyclohexane) and (46.11mg/l) for cadmium sulphate. The difference might be due to not only to the 
various substances and compound used in the experiment but also the distinct environmental 
conditions. 

Table 2: Proximate Composition of D. innoxia stem
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Parameters Concentration (%DM)

Crude Protein 34.87

Moisture 15.12

Ash 20.01

Ether Extract 8.32

Crude Fibre 29.73

Nitrogen Free Extract 21.52

According to the NRC (1993), crude protein of less than 20% indicates low protein content of that 
feed stuff. These crude protein results are however comparable with the result of some tropical plant 
seeds analysed by Ezeagu et al. (2000), who reported that Diospyno mespiliformis and 
Entandrophrgma angolense had crude protein contents of 3.46 and 12.34%, respectively. The moisture 
content which measures the amount of water in the plant also varied with the root having the lowest 
(3.5%) moisture content while the stem had the highest of 15%. The seed, pod and leaf had 10.00, 8.50 
and 7.5% moisture contents respectively. Significant difference (P < 0.05) was observed in the 
moisture contents of the plant parts. According to NRC (1993), moisture content of 5 - 20% (DM) is 
regarded as high. This indicates that the moisture content of the leaf, seed, stem and pod were high. 
The result of this investigation is comparable with those obtained by Ezeagu (2000) for Gliricidia 
sepium 6.77%, Albizu zygia 7.8%, Doneillia ogea 9.86% and D. mespiliformis 8.99% but at variance 
with those obtained for Lophira lanceolata seed (2.78%) as reported by Lohlum et al. (2010). The 
crude lipid and ash content followed the same pattern as reported by Ayuba et al. (2007).

CONCLUSION AND RECOMMENDATION
The results obtained from acute toxicity studies shows that Datura innoxia stem is toxic to fish, and 
that the toxic response in the fish was dose and duration dependent. However, the combination of this 
method improves the understanding of the biological risk on aquatic life arising from heavy metal 
contamination. Therefore, the consumption of Datura innoxia stem contaminated fish may pose 
serious health risks to fish consumers. It can be conclusively deduced from this study that fish has the 
tendency to bioaccumulate heavy metals in a polluted environment. Hence, the indiscriminate 
consumption of fish from a polluted water body should be discouraged.
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Generally, the riverine ecosystem is a repository of a wide variety of plants and animals including green 
germ plasms; supplier of one of the best and relatively cheap forms of protein in the form of fish and a 
plethora of other benefits both economic and aesthetic (Singh et al 2001). Economic benefits of rivers 
include being a source of water for drinking, irrigation, industrial processes, means of transportation 
etc. However, deforestation and catchment areas leading to increased silt load in rivers, increased 
abstraction of river water for irrigation, industrial and domestic purposes and pollution arising from the 
discharge of industrial and domestic effluents have resulted in the deterioration of water quality of 

INTRODUCTION

adekolaakeem4@gmail.com, +2348057331454

DETERMINATION OF HEAVY METALS IN SELECTED FISH SAMPLES 
OBTAINED FROM KAINJI LAKE NEW BUSSA NIGER STATE

1 1 2 2  3
Adekola A. A,  Y. Birnin Yauri A.I. Tsafe,  I.M. Magami, U.Z. Sa'id

2
Department of pure and applied chemistry, Usmanu Danfodiyo University PMB 2346, 

Sokoto, Nigeria
3National research institute for chemical technology, PMB 1052, Zaria, Kaduna State, Nigeria

Corresponding author:

1Chemistry unit Central service laboratory, National Institute for Fresh Water Fisheries Research, PMB 
6006, New Bussa, Niger state, Nigeria

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

ABSTRACT
The prevalence of anthropogenic activities and local mining of solid 
minerals around the kainji dam necessitated the need to study the level 
of bioaccumulation of heavy metals in fishes located within the Kainji 
dam. Two species of fishes namely Oreochromis niloticus and 
Synodontis schall obtained at a distance of 50m, 100m and 150m from 
Kanji dam were investigated for heavy metals. The control sample was 
obtained from Yangba River along Wawa road in New Bussa, Niger 
State. Concentration of six (6) heavy metals namely; Copper, 
Manganese, Chromium, Zinc, Lead and Cadmium was determined 
using atomic absorption spectroscopy. The result showed that the 
concentrations of these metals are higher at 50m and 100m away from 
the dam site respectively. The maximum concentration of this heavy 
metal in Oreochromis niloticus and Synodontis schall were observed at 
sampling point closer to the dam and decreases as the distance away 
from the dam increases. From the result analysed, the mean 
concentration of manganese ranges from 2.153-7.820mg/Kg and 
2.822-3.569mg/Kg, copper ranges from 3.240-5.330mg/Kg and 4.279-
7.057mg/Kg, and chromium ranges from 1.557-3.010mg/Kg and 
0.698-4.650mg/Kg, zinc ranges from 1.650-5.188mg/Kg and 4.385-
5.097mg/Kg, lead ranges from 0.738-1.365mg/Kg and 1.689-
2.354mg/Kg while cadmium ranges from 0.481-1.440mg/Kg and 
1.132-2.013mg/Kg respectively. None of the heavy metals investigated 
was above the maximum permissible level set by the world health 
organization (WHO)

Keywords:
Water, bioaccumulation,
anthropogenic, pollution
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  by comparison with National and International standard.

 a) To determine the concentration of the above metals in the fish samples using Atomic 
The objectives are to:

world rivers (Singh et al). 

The main aim of this study is to investigate the concentrations of zinc, copper, cadmium, chromium, 
manganese and lead in two fish species name (Oreochromis niloticus and Synodontis schall) obtained 
from Kainji Lake.

  Absorption Spectrophotometry.

 Pollution is the introduction into the environment of substances or effects that are potentially 
harmful and interfere with man's use of his environment or interfere with species or habitats (Porteus, 
1996). Pollution can be material (smoke, chemicals etc.) or non-material (noise, light, radiation etc. 
means of transportation etc. means of transportation etc. However, deforestation and catchment areas 
leading to increased silt deforestation and catchment areas leading to increased silt (Agarwal, 2002). 
River pollution is the presence of any foreign substance (organic, inorganic radiological, biological) in 
the riverine ecosystem which tend to degrade the quality of the ecosystem so as to constitute a hazard 
to biota or impairs the usefulness of water (Agarwal, 2002).  Fish production from inland water 
resources (rivers, lakes and streams) is under threat from pollution, habitat alteration and degradation, 
changes in river flows and over-exploitation (Gupta, 2006). When pollutants like heavy metals enter 
rivers, they change the water quality, bind to sediments and accumulate in aquatic biota, causing 
anaemia, disturbance of physiological functions and mortalities of fish (Biney et al., 1994, Jenneth et 
al., 1980). This reduces production and income from fish and aquatic organisms. . According to 
Dougherty (2000), fish consumption is a major route of chemical exposure to man and heavy metal 
pollutants are potentially harmful to man when contaminated fish and water are consumed.

 b) To access the heavy metals pollution status of the fish sample obtained from kainji lake 
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Oreochromis niloticus

Synodontis Schall
Picture of the fishes investigated.
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Fish samples was collected with cast net from Kainji lake at 150 metres,100 meters, and 50 meters to 
the dam site which serve as the sampling point. As shown in figure 1 below. The control sample were 
collected from Yangba river along Wawa road and each of the fish species were collected at each 
sampling point making a total of eight fish samples. A canoe was used as sampling craft and at each 
point the canoe was stopped for samples to be collected. 

Three samples each of sub adult sizes (115-180g body weight) of fish species namely Oreochromis 
niloticus and Synodontis schall were collected. This size range was to avoid different states of 
reproductive physiology. The use of older fish species was avoided as Dusek et al (2005) reported that 
older predator fish species living in moderately and heavy polluted sites show negligible statistical 
differences.

 The samples were wrapped with polythene bags and stored in an iced plastic box and 
subsequently transported to the laboratory of Sokoto Energy Research Centre where it was stored in a 
deep freezer. 
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MATERIALS AND METHODS
METHODS:
SAMPLING AND PRESERVATION

Name Formula %Purity Grade Manufacturer
Calcium 
carbonate

CaCO3 99% AR BDH Chemical

Cadmium 
chloride

Cd(NO3)2 99% AR BDH Chemical

Copper(ii) nitrate Cu(NO3)2 98.5% AR May & Beaker
Lead Nitrate Pb(NO3)2 99% AR BDH Chemical
Zinc oxide ZnO 99% AR BDH Chemical 
Con, 
Hydrochloric acid

HCl 99% AR Philipharrison

Con. Nitric acid HNO3 38% AR Philipharrison
Con. Sulphuric 
acid

H2SO4 70% AR May & Beaker

Potassium 
dihydrogen 
phosphate

KH2PO4 98% AR BDH Chemical

Anhydrous zinc 
Sulphate

ZnSO4 95% AR BDH Chemical

Oven MEMMERT Memmert United 
Kingdom

Analytical 
balance

W11400179 Kern, Germany

Atomic 
Assumption 
Spectrometer

Pye-unicam 969 Unicam, UK

Digestion block TECATOR 1015 Tecator, Germany
Fume cupboard NS NS
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RESULTS

Fish sample were digested as described by Olaifa et al (2004) as follows: 5g of fresh fish muscle was 
weighed and placed in beaker. 10ml of freshly prepared concentrated HNO3/H2O2 (1:1) solution 
was added and the beaker was covered with watch glass for initial reaction to subside. The beaker was 
placed on water bath and boiled at a temperature not exceeding 1600C for 2 hours to reduce the 
volume to 3-4mls. It was cooled and transferred to 50ml volumetric flask and made up to volume with 
distilled water for the metal analysis. 

DIGESTION OF FISH SAMPLES FOR HEAVY METAL ANALYSIS

 The concentration of heavy metals in Oreochromis niloticus (mg/kg) 
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FIGURE 1: Sampling location at Kainji dam, New Bussa, Niger State

Distance Mn Cu Cr Zn Pb Cd

50m 4.5900+2.29 6.6660+0.6140 3.0100+3.810 1.8530+1.6720 1.0805+0.000252 1.0150+1.1550

100m 6.50+4.520 6.026+1.31 4.650+1.960 4.253+0.687 1.0805+0.000252 0.481+0.577

150m 2.15300+0.385 4.249+0.842 3.0400+0.751 5.188+0.295 1.365+1.528 1.8130+0.5770

Control 3.567+1.7310 3.240+1.410 1.5570+0.9440 4.3850+0.3780 2.354+0.579 2.130+1.000

Concentration of heavy metals in Synodontis schall (mg/kg).

Distance Mn Cu Cr Zn Pb Cd

50m 3.3330+0.8650 7.0570+0.8030 0.6980+0.5660 1.7390+0.3090 0.7380+0.5520 1.440+1.730

100m 7.28+4.30 6.456+5.990 4.454+0.837 1.650+0.760 1.0805+0.000252 1.127+1.000

150m 2.5430+1.214 7.590+2.270 3.0950+2.8 4.928+1.445 1.366+0.577 1.9020+0.5770

Control 2.8220+0.2070 5.330+1330 3.0100+2.090 5.0970+1.2000 1.6870+1.527 1.1326+0.00173
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In sample 1, at the control point copper has the highest concentration and cadmium has the least 
likewise for sample 2 at the control point also in both species of the fish.  In Sample copper have the 
highest concentration and cadmium has the least concentration in sample 2. This is in line with the 
work of Mansour and sidkey,(2003), who reported a cadmium concentration of 1.1002 - 
1.1342±0.000143 000143 in Synodontis schall while working on heavy metal contamination on fish in 
Wadi elrayan wetland region of Egypt..

For sample 4 taken at 50km from the dam site representing Synodontis schall species of the fish, the 
concentrations of copper was the highest and lead the lowest. This in line with research work of  
baeyenis et al, 2005 who reported a value of 8.700-3.00mg/kg for zinc and 7.825-6.520mg/kg for 
copper. He discovered that the high concentration of copper and zinc can lead to decrease in 
concentration of cadmium.

Sample 7. The result obtain is in agreement with the result reported by baaeyens et al 2005 after 
studying the presence of heavy metals in Niwar lake, the result for chromium was 4.787-3.300 while 
lead was 3.0298-0.0321

DISCUSSION

For sample 3 taken at 50 km from the dam site representing Oreochromis niloticus, the concentration 
of chromium was the highest and cadmium the lowest. This is in contrast to the work done by Adakole 
1995, who reported a value of 0.39mg/g for chromium, which is the least  concentration of heavy 
metals and chromium was reported to have the least concentration i.e. 0.39mg/g, from my 
investigation the concentration of chromium was the highest ;the variation of the result can be 
attributed to the  presence of mining activities closer to the vicinity of the sampling area.

For sample 5 representing sampling point 100km away from the dam site, the species of fish caught was 
Oreochromis niloticus. This result obtained is in agreement with the work of bayens et al who analyse 
manganese, copper, chromium, zinc, and lead in Oreochromis niloticus. The metal with least 
concentration was found to be cadmium. 

For sample 8 representing point at 150km from the dam site and the species of fish caught was 
Synodontis schall. This equally agrees with the work of Binnig and Baird, 2003 who reported a value of 
9.78mg/kg for copper and 2.195mg/kg for lead.
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Albro, and PW, Fish Bein L, (2010). Absorption of aliphatic hydrocarbons by rats, Biochem Biophys 
Aca, 219, 437-446

CONCLUSION
Going by this result it could be inferred that the concentration of Heavy metals in the studied fish 
sample were within their acceptable limit set by World Health Organization (WHO), and National 
Agency for Food Administration and Control (NAFDAC). More intensive sampling of other fish 
species could be carried out to determine the possibility of their been use as a bio-monitor so as to 
further widen the scope of this research. 
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INTRODUCTION
Nigeria is blessed with an enormous area of freshwater and brackish water ecosystems that extend 
from the coast into the arid zone (Essien-Ibok and Isemin, 2020). A body of water does not necessarily 
have to be still or enclosed; rivers, streams, canals, and other geographical features where water flows 
from one point to another are also termed bodies of water; the majority of these features are naturally 
occurring, but some are man-made. Water qualities include all physical, chemical and biological 
properties that influence the beneficial use of water (Jenyo-Oni et al., 2010). The economy of the 
aquatic biotype depends on water which is the fish habitat (Agbabiaka, 2014). Some water quality 
parameters including pH, alkalinity, and hardness could have so much influence on the most other 
variables in the water bodies.
Aquatic insects are recognized worldwide as bio-indicator organism in the aquatic environment 
(Yakubu et al., 2000). Most importantly, aquatic insects are very good indicators of water quality since 
they have various environmental disturbance tolerance levels (Arimoro and Ikomi 2008). Some are 
very vulnerable and sensitive to pollution, while others can live and proliferate in disturbed and 
extremely polluted waters (Heap et al., 2013). Among benthic macro invertebrates, aquatic insects are 
one of the most common groups of organisms used to assess the health status of aquatic ecosystems 
(Jenyo-Oni et al., 2010). Some aquatic insects respond to specific changes in water conditions and 
have become indicators of river health condition to aquatic ecologists. The presence and absence of 
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This research was conducted to assess the water quality parameters and 
aquatic insects of Dutsin-Ma reservoir with a view to investigate the 
pollution status of the water body. pH, turbidity, dissolved oxygen and 
total dissolved solids in Dutsin-ma reservoir were examined twice a day, 
every week for eight weeks. Sampling of aquatic insects of Dutsin-ma 
reservoir was done with sampling nets and hand picking in three stations 
once in a week for eight weeks. A total number of 96 individuals 
representing 6 species were recorded. Majority of the insect fauna 
found in this study are typically found in similar water bodies in the 
tropics. However, the observed insect community structure revealed 
relatively low taxa richness with a dominance of pollution-resistant 
species which suggests a moderately polluted condition of the water 
body. The correlation analysis showed a poor relationship between the 
examined water quality parameters and the insects. This study 
established that the use of aquatic insect communities as bio-indicator 
for rapid assessment of water quality in Dutsin-Ma reservoir may be 
more reliable beyond only physico-chemical parameters.

ABSTRACT

Keywords:
Abundance, aquatic
insect, bio-indicator;
diversity, physicochemical
variables, richness.
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The study area, Dutsin-Ma reservoir is an earth-fill structure completed in 1974 on the coordinates 
12°1 '11” N (latitude) and 7°20'21” E (longitude) in Dutsin-Ma LGA of Katsina State. The dam has a 
perimeter of 5.05 km and covered an area of 1.10 square kilometers (Figure 1) (Dauda et al., 2021). 
Dutsin-Ma town experience wet/rainy season and dry season. The rainy season last from June to 
September with annual rain fall range of 1500-1800mm (Dasuki et al., 2014). The reservoir was 
constructed primarily for domestic water supply in 1974. It is only fed during the rainy season by three 
main sources: korama from the west side, Darawa -korama from the Eastern side, Hadari -korama and 
surface run off from the surrounding catchment areas during the rainy season. It drained through the 
main control overflow structure towards Dantsido and through uncontrolled channel by the west axis. 
The reservoir has only one landing site where all catches are landed (Dauda et al., 2021).

Study Area 
MATERIALS AND METHODS

some particular aquatic insect indicate the degree of pollution, though the specific causative 
physicochemical pollutant may be identified by physicochemical methods (Gupta and Paliwal, 2010). 
Since diversity and abundance of aquatic insects provides an indication of the overall health of the 
water body. Identifying the diversity and community composition of aquatic insects in Dutsin-Ma 
reservoir might help to ascertain the health status of the reservoir. This study therefore examined the 
water quality parameters and aquatic insect diversity of Dutsin-ma reservoir, with the aim of 
investigating the overall health status of the water body.

Figure 1: Satellite image of Dutsin-Ma Reservoir Katsina State
Source: Dauda et al. (2021)
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Water samples were collected twice every day from each of the three selected stations (upstream (A), 
middle area (B) and downstream (C)) in the reservoirs between 800 and 1000 hours and 1630 and 
1730 hours, once a week for a period of 2 months (August to September 2023).  The water samples 
were analysed in the field for the selected water quality parameters including; temperature, pH, 
dissolved oxygen, turbidity, ammonia and alkalinity as described by Dauda and Akinwole (2014), with 
all the procedure in line with the standard methods (APHA, 2012).

Data analysis

All the physicochemical parameters during the study period showed no significant difference 
(P<0.05) among the stations except dissolved oxygen (DO) which was significantly lower in station A 
(5.38±.0.51 mgL-1) compared to the two other station (Table 1). According to Sadauki et al. (2022) 
damming of water to create reservoirs is one of the ways of making more water available for the needs 
of man as the water is stored and made available all the time. Nonetheless, water is only able to be of 
maximum advantage if it is of optimum quality. All the water quality parameters in this study were 
within the recommended level for tropical water bodies except Ammonia that is high (Dauda and 
Akinwole, 2014). While other parameters were similar, DO was higher in stations B and C, however 
the least DO observed in station A was higher than the recommended minimum of 5 mg/L as optimum 
DO for surface waters (Yakubu and Ugwumba, 2009). The result of this research is in line with Sadauki 
et al., (2022) who reported 6.70mg/L as the highest value of DO and 6.90mg/L as the least in Zobe 
reservoir in the same Dutsin-Ma Local government area.

Sampling Procedure for physico chemical parameters and duration

Sampling of insects

Data collected were presented using mean and standard deviation for the water quality parameters, 
and frequency and percentages for the aquatic insect. Pearson correlation was used to test the 
interdependence between the water quality parameters and aquatic insects. All analysis was done using 
IBM SPSS version 23.

Aquatic insects were sampled nine times from August to September 2023. The samples were collected 
along the reservoir. The reservoir was divided into three parts: which were upper, middle and lower 
reservoir. The specimens were collected by sampling nets (1mm mesh size), and hand-picking 
technique. Samples were placed in white trays for sorting and screening of the aquatic insects. The 
aquatic insects were handpicked from the tray. Any non-aquatic insects caught were immediately 
returned to the reservoir (Adu et al., 2016). The content of each sample (net) was transferred into 
properly labeled plastic containers and taken back to the laboratory for analysis. In the laboratory, 
aquatic insects were sorted on a Petri dish and identified to the family level using taxonomic keys (De 
Moor et al., 2003) and a pictorial guide (Umar et al., 2013). Large aquatic insects were sorted by the 
naked eye whereas the sorting of the smaller ones was done under a dissecting microscope. All the 
sorted samples were kept in properly labeled vessels.

RESULTS AND DISCUSSION

Table 1: Physicochemical parameters of water in Dutsin-Ma Reservoir 
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Parameters Station A Station B Station C 

Temperature 0C  26.66±0.60a 26.38±0.69a 26.57±0.38a 

Turbidity mg/L 0.00±0.00a 0.00±0.00a 0.63±0.63a 

Dissolved oxygen mg/L
 

5.38±.0.51b
 

5.66±0.36a
 

5.66±0.36
 

a
 

pH
 

7.03±0.12a
 

6.98±0.09a
 

6.96±0.07a
 

Ammonia mg/L
 

2.26±0.47a
 

2.58±0.56a
 

2.42±0.44a
 

Alkalinity mg/L
 

25.85±1.61a
 

27.50±1.89
 

a
 

26.30±1.83a
 

 

Different letters as superscripts across the rows indicate significant difference at P<0.05
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Table 2: Distribution of aquatic insects in Dutsin-Ma reservoir

During the study, six species of aquatic insects were identified in the reservoir as presented in (Table 2), namely; 
water beetle, water scorpion, beetles' larvae, dragon flies, damsel flies and may flies in all the stations. Whereas 
damsel flies dominated all the three stations (Table 2). Correlation analysis showed that dissolved oxygen had a 
significant negative correlation with NH3,  and temperature also had significant negative correlation with pH, DO 
and Alkalinity. Temperature showed a significant positive correlation with beetles' larvae (Table 3).

Insect A B C
Frequency % Frequency % Frequency %

Water beetle 8 13.12 10 16.40 2 5.72
Water scorpion 10 16.39 8 13.11 3 8.57
Beetles’ larvae 9 14.75 11 18.03 2 5.71
Dragon flies 12 19.67 12 19.67 9 25.71
Damsel flies 14 22.95 12 19.67 12 34.28
May flies 8 13.11 8 13.11 7 20
Total 61 100 61 100 35 100

Damsel flies was found to be the most diverse and abundant in the stream. Several factors are known to 
influence the distribution of aquatic macro invertebrates, but the important factors likely to affect the 
diversity and abundance in an aquatic ecosystem, are water temperature, water velocity, nutrient 
availability, etc.  The six species of aquatic insects recorded in this study was low compared with 13 taxa 
reported by Popoola and Otalekor (2011) in Awba reservoir, Ibadan and 19 taxa reported by Edegbene et 
al.  (2015) in River Chanchaga, Niger State, Nigeria. However, it was similar to the works of Onyenwe et 
al. (2018) who reported 7 taxa in the Anya River in Umudike South East, Nigeria. The species richness was 
similar in all the station but abundance was least in station C. The similarity in richness might be influenced 
by the similarity in the water quality parameters among the stations, while the least abundance at the 
downstream might be associated with accumulated pollutants and velocity of water at the downstream, 
which is expected to be different from that of up and middle stream. There is weak correlation between 
the water quality parameters and the aquatic insects. Many studies have reported low correlation between 
insects and physico-chemical parameters and this has been attributed to wide range of adaptability of 
insects to changing environments (Amusan and Balogun, 2018). According to Jenyo-Oni et al. (2010), 
while phyisco-chemical parameters reflect immediate change in the water quality, bio-indicators such as 
macro-invertebrates and aquatic insect reflect long time effect of pollutants.

 Temp pH DO Turb NH3 Alk W.btl W.sc B.lar Dr fly Dam 
fly

May 
fly

Temp 1

pH -0.426** 1

DO -0.548** 0.354* 1

Turb -0.039 0.019 0.085 1

NH3 0.235 0.086 -
0.484**

-0.140 1

Alk -0.466** 0.247 0.502** 0.88 -0.035 1

W. btl 0.025 -0.040 -0.431 0.0 -0.037 -0.27 1

W.sc -0.005 -0.347 0.019 0.00 0.105 -0.205 0.025 1

B.lar 0.506* -0.126 -0.261 0.00 -0.165 -0.294 -
0.057

0.138 1

Dr fly 0.184 -0.065 -0243 0.00 -0.467 -0.279 0.072 0.075 0.502* 1

Dam fly 0.024 0.238 -0.073 0.00 0.024 0.074 0.413 0.053 -0.066 -0.083 1

May fly -0.270 -0.205 -0.294 -0.279 0.074 0.290 0.227 0.305 -0.050 0.147 0.278 1

Table 3: Interdependence among the water quality parameters and the aquatic insects in Dutsin-ma reservoir

*indicate significant different at P<0.05  **indicate significant difference at P<0.01

27



Adu B.W., Kemabonta, K.A. and Ogbogu, S.S. (2016) Monitoring of environmental disturbance using 

Keys: Temp-Temperature, DO-Dissolved oxygen, Turb-Turbidity, NH3 -Ammonia, Alk-Alkalinity, 
W.btl-Water beetle, W.sc- Water scorpion, B. lar- Beetle larvae, Dr fly-Dragon fly, Dam fly- Damsel fly, 
May fly- May fly

 Public Health Association, American Water Works Association, Water Environment Federation, 

Arimoro, F.O. and Ikomi, R.B. (2008). Response of Macroinvertebrate Communities to Abattoir Wastes 

 Environmentalist, 28, 85-98. http://dx.doi.org/10.1007/s10669-007-9033-8

CONCLUSION

APHA (2012). Standard Methods for the Examination of Water and Waste Water. 22nd Edition, American 

 abundance and distribution of red-vein and dark-vein species of genus Trithemis (Odonata: 
 Libellulidae). Zoologist 14:31-36
Agbabiaka.L.A. (2014). Aquaculture and pond management in Tropics. Revised edition: 91-99 pp

The study established that the water quality parameters are similar among the stations except the 
dissolved oxygen. There is low richness and diversity of the aquatic insect with damsel fly as the 
dominance species in the water body. The water body can be said to be under slight pollutional stress 
considering the high concentration of the ammonia and pollution-tolerant characteristics of most of 
the aquatic insects found in the water body. Therefore, the use of aquatic insect as a bioindicators in 
surface waters is recommended.
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INTRODUCTION
The use of plant extract as poisons for hunting and fishing is common among fishermen in Nigeria. Fish 
poisons from plants are also known as piscicides or ichthyotoxins. Several plant species are known to 
possess bioactive compounds that are toxic to fish. However, the effect of plant extract is dependent on 
the types and sizes of fish species. This implies that different fishes of different sizes are either tolerant or 
susceptible to a particular fish poison (Agbor et al., 2014). Synthetic chemicals have been the major 
piscicides in the control of pests and undesirable fish species in aquaculture, but these chemicals have 
harmful effects on non-targeted fish species (Kumar et al., 2010), thus cause serious environmental 
hazards (Adesina et al., 2013). In the last few decades, efforts have been made to replace the non-
biodegradable chemical piscicides with biodegradable plant extracts (Suely et al., 2015). 
Piscicidal plants have been widely used by traditional fishermen all over the world as a means of 
catching fish. Some of these plants are non-selective in destruction, thereby, interfering with ecological 
balance of the immediate environment. Piscicides are phytochemical substances that are poisonous to 
fish since it contains different active ingredients such as Alkaloid, Micotine, tannis, saponins, pipanne, 
resin, amide, ricin, glycoside, carbazole, curcin, coumanin, parkine, resoranol and cardol (Fafioye and 

ACUTE TOXICITY OF AQUEOUS BARK EXTRACT OF DESERT DATE 
(Balanite aegyptiaca) ON JUVENILES OF Clarias gariepinus (Burchell 1822)

1 1 2
Ebenezer, S.,  A.N. Olanrewaju, and  L.N. Wanas
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ABSTRACT
A 96hr lethal concentration static toxicity bioassay was carried out to 
examine acute toxicity (LC50) of aqueous bark extracts of Balanite 
aegyptiaca on juvenile Clarias gariepinus. The phytochemical 
composition of the stem bark of Balanites aegyptiaca was also 
identified. Twenty-five fish in two replicates were exposed to piscicide 
plant extract at 0.0 (control), 0.40, 0.80, 1.2, and 1.6 g/L-1. The 
phytochemical screening of the aqueous bark extract of Balanites 
aegyptiaca revealed Alkaloid, Saponins, Carbohydrate and Glycosides 
as its active ingredients. Fish exposed to the aqueous extracts except 
the control showed symptoms of toxicity including erratic movement, 
lethargies, moribund, air gulping, loss of sensitivity and gasping for air 
before death. These responses were much frequent and faster at the 
highest concentration (1.6g/L). The 96h LC50 value for C. griepinus in 
this study was 0.9215g/L-1. The study concluded that the application 
of aqueous bark extract of Balanite aegyptiaca causes lethal toxic effects 
on juveniles C. gariepinus. Hence, indiscriminate use of the plant for 
fishing should be discouraged and regulated to protect fish biodiversity 
loss in nattural water bodies.

Keywords:
Piscicide, Toxic,
Freshwater fish,
Claridae, Proximate,
Balanite aegyptiaca,
Aduwa.  
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The stem bark sample of Balanites aegyptiaca was collected within the University of Maiduguri 
campus area. The collected sample was shade-dried for 4 days, pulverized with pestle and mortar, and 
sieved into fine powder (0.2mm). The powdered sample was then wrapped into nylon bag and stored 
at room temperature for further analysis. Sample (30g) were taken to the phytochemical laboratory in 
Faculty of Pharmacy, University of Maiduguri for qualitative analysis. The dried stem bark powder was 
soaked for the period of 48hrs, filtered using 0.1mm sieve, and the filtrate was use as the aqueous 
extracts. The phytochemical screening of Balanite aegyptiaca for Alkaloids, Flavonoids, Saponin, 
Tannins, Carbohydrates, Glycosides was cconducted following the methods adopted by Fasola (2000).
Balanite aegyptiaca extract powder was used during the Toxicity tests on Clarias gariepinus for only 
acute toxicity of the plant extract. Pilot study was carried out to determine the minimum (0.04g) 
concentration that did not produce death and the maximum concentration (0.16g) that produced 
100% death. Four different acute concentrations were prepared in duplicate. The acute lethal 
concentrations used are 0.40g, 0.80g, 1.2g, 1.6g, and 0.00g/L (control). The 96-hour LC50 (lethal 
concentration) was determined through probit analysis method for acute toxicity test as 

Fish is one of the cheapest and direct sources of protein and micronutrients for many people all over 
the world. Today, more than one billion people rely on fish as a source of animal protein. Fish accounts 
for about 30% of the total protein intake for people in Asia, 10% in Latin America, 20% in Africa and 
55% in Nigeria (Anyanwu et al., 2011). Olaosebikan and Raji (2013) stated that the family clariidae 
represents freshwater catfishes and comprises of three genera which include gymnallabes, 
heterobranchus and clarias with fourteen species found in Nigeria. The African catfish (Clarias 
gariepinus) is a popular economic freshwater food fish in Nigeria. Owing to this reason, some 
fishermen adopt obnoxious fish method of using piscicides for collecting this important fish species. 
Meanwhile, synthetic organic compounds are identified with problems of environmental resistance, 
pest resurgence and detrimental effects on non-target organisms because of their non-degradability. 
The effects of piscicide on food chain biodiversity can also lead to total eradication of certain species or 
caused them into extinction. Therefore, there is need to create awareness to the fisher folks on the 
dangers of using chemical substance as a fishing methods of catching fish on the ecosystem. Thus, this 
study was design to explore the acute toxicity of aqueous bark extract of Balanite aegyptiaca on 
juveniles of Clarias gariepinus.

The research was conducted at the Teaching and Research Fish Farm of the Department of Fisheries, 
University of Maiduguri, Nigeria. Maiduguri is located on Latitude 11°05'N and Longitude 13°05'East, 
and characterized by hot, dry and wet, and harmattan seasons. One hundred juveniles of Clarias 
gariepinus was obtained from the outdoor pond, Fish Hatchery Complex of Fisheries Department, 
University of Maiduguri, Borno State. Ten aquaria (50cm x 25cm x 30cm) were prepared outdoor for 
the experiment. The tanks were supplied with 10litres of de-chlorinated tap water and 5 fingerlings 
were introduced into each tanks of different treatments in replicates. The fish was acclimatized in glass 
tanks for at least five (5) days prior to the commencement of the study.

MATERIALS AND METHODS

Adewande et al., 2009.) However, Alkaloids are toxic to fish at high concentration and wear off within 
short time (Adewumi, 1990). In Nigeria, fresh leaves of Adenia cissampeloides has been found to be 
toxic to fish which when processed and applied into dammed portions of rivers or streams that has 
large numbers of fishes, within fifteen minutes, both small ad big fishes are found floating dead 
(Morah, 1986). Extracts of many plants including Deris elliptica, D. trifoliate, Balanites aegyptiaca, 
Tephrosia candida, T. vogelii, and Parkia folicoides (Mohotti and Epa, 2016) contain biodegradable 
phytochemicals which have traditionally been used in aquaculture in different parts of the world (Epa, 
2016). Power et al. (2008) reported that introduction of macerated plant material into rivers, streams 
or shallow ponds stupefy fish for easy collection.
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recommended by Yadav and Singh, (2001). Mortality and behaviours of the fish were recorded daily. 
Dead fish was immediately removed from each test tank to avoid pollution in the tanks. After the test, 
fish are exposed to various concentration of the bark extract. The behavioural responses and the 
mortality rate of the fish was observed and recorded at the interval of 24, 48, 72 and 96 hours. The fish 
in the control tank was monitored and it serves as a reference to the behavioral response observed in 
those exposed to the different concentration of the extract. 

RESULTS AND DISCUSSION

Table 1. Qualitative estimation of phytochemical screening of the bark of Balanites aegyptiaca 

Statistical analyses by Excel (2016) software were performed. Data were analyzed by one-way analysis 
of variance (ANOVA) and level of significance was determined at P<0.05. Lethal concentration 
(LC50) was calculated logarithmically. 

Phytochemical screening of stem bark of the Balanites aegyptiaca in this study revealed the presence of 
alkaloid, saponins, glycosides, anthraquinones and carbohydrates while flavoid and tannin are absent 
(Table 1). This study agreed with Emad et al. (2012), who reported that phytochemical screening of 
Balanites aegyptiaca bark contain the presence of alkaloid, saponin, glycoside, carbohydrate, with 
tannin and flavonoid absent. The quantitative estimate of the above primary metabolites showed the 
various phytochemical constituents present in the plant extract. The absence of steroid is an indication 
that the bark of this plant cannot be used to boost reproductive performance in fish as observed by 
Samulelsson et al. (1991). Similar report has been documented in Azadirachta indica by Akinwande et 
al. (2007). The findings of this study also agree with the report of Samulelsson et al. (1991).
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Phytochemicals Observation
Alkaloid ++
Saponin +++
Glycoside ++
Carbohydrate ++
Flavonoid ---
Tannin ---
Steriod NA

Keys: Highly present +++, Moderate ++, Absent --, Not Available N/A

Table 2. Physicochemical parameter of the experimental setup for 96 Hours

The physicochemical parameters of the experimental setup at different concentration levels are as 
shown in table 2. The physicochemical parameters examined were pH, Dissolved oxygen  and 
temperature levels.  pH (6.10 – 6.38), dissolved oxygen (4.10 – 6.05mg/L), and temperature ranged 
from 26.68 to 26.82 oC (Table 2).

Physicochemical Parameters of the Experimental Setup for 96 Hours

Concentration (g/L) pH Dissolve Oxygen Temperature 0 c

0.00 6.38a 6.05ab 26.9a

0.40 6.30b 5.45b 26.8a

0.80 6.30b 5.03a 26.8a

1.20 6.15c 4.06a 26.81a

1.60 6.10c 4.10a 26.80a

SEM 0.06 0.04 0.02

Mean on the same columns with different superscripts are statistically different (P<0.05), SEM ……
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According to Adeogun (2011), the continuous exposure of such fish to Saponins-rich pollutants as 
found in this study show asphyxiation, alternate swimming on the lateral side, and rapid and erratic 
swimming behavior. All of these are the effects resulting from the discomfort that the exposed test 
organisms are experiencing. The different behavioral responses of the fish can also affect the nervous 
coordination (Adeogun 2011).

Behavioral Responses of Clarias gariepinus Juvenile Exposed to different Concentration of 
Balanites aegyptiaca  
The mean behavioural responses, induction and recovery times of Clarias gariepinus juvenile during 
exposure to aqueous stem bark extract of Balanites aegyptiaca is as shown in table 3. Similar result was 
reported by Adeogun (2011), who reported that gasping for breath and rapid opercula movement may 
be due to the effect of the saponins foam which can coat fish gill epithelia. This observation is in 
agreement with the report of Adeogun (2011) who revealed presence of saponins in Raphia hookeri. 
The authors indicate that this causes hyperventilation, rapid opercula movement, and mortality in 
mud-cattish. The observation also concurs with the report of Roy et al. (l990) that saponins are highly 
toxic to fish because of their damaging effect on the respiratory epithelia. The resulting irritation and 
impairment of the respiratory epithelia will reduce the opacity of fish gill epithelia for diffusion of 
oxygen across the membrane.

Table 3. Behavioral responses of Clarias gariepinus juvenile exposed to different concentration of Balanites 
aegyptiaca

Concentration 
(g/L)

24hrs 48hrs 72hrs 96hrs

0.00 Normal swimming Normal swimming Normal swimming Normal 
swimming

0.40 Rapid opercula movement Jumping up with head up Lethargic Swimming Lethargic 
movement

0.80 Rapid opercula movement Erratic Swimming - Gasping for air
1.20 Jumping out of the container Rapid opercula 

movement
Gasping for breath Gasping for air

1.60 Swim away from the point of 
extract

Erratic Swimming with 
head up

Death recorded -

Percentage mortality of C. gariepinus juvenile exposed to different concentration of Balanites aegyptiaca 
Mortality occurred in all the experimental tanks except in the 0.00g/L tank which had 0% mortality 
rate (Table 4). The first fish mortality was observed in 24 hrs in tanks containing 0.4g/L with mortality 
value of 1  (10% mortality rate). Concentration of 0.8g/L had 40% mortality rate, which was recorded 
from the 48hrs, 72hrs, and 96 hrs respectively with a corresponding mortality value of 1, 2, and 1 
fishes. A total of 8 fish was observed at the concentration of 1.2g/L, which was resulted from the 
mortality value of 2 fish at 24hrs, 48hrs (3), 72hrs (3) and 96hrs (0). At 1.2g/L, mortalities were 
recorded at the 24hrs (4), and 48hrs (6) only, while no mortality was recorded in 72 and 96 hrs 
respectively. The highest percentage mortality of 100 was recorded in 1.6g/L while the lowest (0%) 
was recorded in the control set-up.
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CONCLUSION

Adeogun, A. O. (2011). Haematological profile of the African Clarrid catfish (Clarias gariepinus)

Adesina, B. T., Omitoyin, B. O., Ajani, E. K. and Adesina, O. A. (2013). Acute-lethal toxicity (LC50) of 
Moringa oleifera (Lam.) fresh root bark extract on Oreochromis niloticus juveniles under 
renewal toxicity exposure. International Journal of Applied Agriculture and Apiculture 
Research, 1&2:182-188. https://doi.org/10.1016/j.toxlet.2009.06.589

 https://doi.org/10.1016/0048-9697(91)90306-Y

The study has shown that the aqueous extract of Balanites aegyptiaca stem bark was toxic to juveniles' 
African catfish (Clarias gariepinus) in 96-hr with LC50 value of 0.9215g/L. The phytochemical 
screening of the Balanites aegyptiaca stem bark aqueous extract revealed that it contained Alkaloid, 
Saponins, Carbohydrate and Glycosides as the active ingredients that give the plant its potency. 
Therefore, the use of the stem bark extract of Balanites aegyptiaca as a means of catching fish could 
lead to contamination and disruption of an ecological system, thus posing great threat to fish and other 
non-target organisms.
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Table 4. Percentage mortality of Clarias gariepinus juvenile exposed to different 
concentration of Balanites aegyptiaca

Concentration 
(g/L)

Log
Concentration

24hrs 48hrs 72hrs 96hrs % Mortality Probits

0.00 0 0 0 0 0 0 0
0.40 -0.397940009 1 0 0 0 10 3.72

0.80 -0.096910013 0 1 2 0 40 4.75

1.2 0.079181246 2 3 2 1 80 5.84

1.6 0.204119983 4 6 0 0 100 8.09

34



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Akinwande, A. A. and Sogbesan O. A. (2007). Piscicidal potential of mesocarp of Neem plant 
(Azadirachyta  indica). Fruit on fry of Heteroclarias Pp 533-536. 
https://doi.org/10.9734/jeai/2020/v42i930607

 investigation of Balanites aegyptiaca (L.) Del. edible fruit from Sudan. African Journal of 
Emad, M., Abdallah, A., Ben H.,, Khalifa S. A., (2012) Antimicrobial, antioxidant and phytochemical 

Yadav, R. P., Lata, K. and Singh, A. (2009). Toxicity of alcoholic leaf extracts of Lantana indica plant: 
effect on haematological and physiological parameters in non-target fish, Heteropneustes 
fossilis. International Journal of Fisheries and Aquatic Sciences, 2(1): 13-17.

Anyanwu, D. C., Udedibie, A. B. I., Osuigwe, D. I. and Ogwo, V. O. (2011).  Haematological 
responses of hybrid of Heterobranchus bidorsalis x Clarias gariepinus fed dietary levels of 
Carica papaya leaf  meal. World Rural Observation, 3(1): 9-12.

 Biotechnology. 11(52): 11535- 11542. https://doi.org/10.5897/ajb12.1102

Agbor, R. B. and Okoi, E. P. (2014). The early life toxicity of Godogbo (Adenia cissampeloides) stem 
against catfish juveniles. Researcher, 6(9): 17-19. https://doi.org/10.9734/arrb/2017/38114

Mohotti, C. R. W. C. and Epa, U. P. K. (2016). Toxicity of aqueous extract of white hoary pea, 
Tephrosia candida (Papilionoideae) on Nile tilapia, Oreochromis niloticus (Cichlidae) 
fingerlings. Sri Lanka Journal of Aquatic Sciences, 21(2):105-112. 
https://doi.org/10.4038/sljas.v21i2.7506

Suely, A., Zabed, H., Ahmed, A. B. A., Mohamad, J., Nasiruddin, M., Sahu, J. N. et al. (2015). 
Toxicological and haematological effect of Terminalia arjuna bark extract on a freshwater 
catfish, Heteropneustes fossilis. Fish Physiology and Biochemistry, 1: 1-15. 
https://doi.org/10.1007/s10695-015-0149-3

Fafioye, O. O. and Adebisi, A.A (2001). Growth of the Nile Tilapia, Oreochmis niloticus 
(Trewavas) exposed to sub-lethal concentrations of aqueous extracts of Raphia vinifera and 
Parkia biglobosa. Journal  of Applied Sciences: 115-119pp. 
https://doi.org/10.4314/biokem.v17i2.32599

  https://doi.org/10.4314/joafss.v5i2.46739.

Kumar, A., Prasad, M., Mishra, D., Srivastav, S. K. and Srivastav, A. K. (2010). Toxicity of aqueous 
extract of Euphorbia tirucalli latex on catfish, Heteropneustes fossilis. Ecotoxicology and 
environmental safety, 73: 1671-1673. https://doi.org/10.1016/j.ecoenv.2010.08.003

35

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA



THE EFFECTS OF RIVER DUMPING ON WATER QUALITY AND FISH 
BIODIVERSITY: A GLOBAL CONCERN

*Igbani, F., J. Ofate and L. Himalayas

+23486003973, 0000-0002-0043-5667.

Department of Fisheries and Aquaculture, Faculty of Agriculture and Life Sciences, Federal University 
Wukari, KM 200 Katsina-Ala Road, PMB 1020 Wukari, Taraba State, Nigeria.

Rivers, the lifeblood of our planet, are facing an unprecedented threat. The indiscriminate dumping of 
waste into these waterways is not only harming the environment but also jeopardizing human health. 
This review highlights the alarming effects of river dumping on water quality and fish biodiversity, 
justifying the need for immediate action. The consequences of river dumping are too severe to ignore. 
It is imperative that we take immediate action to: “protect human health (to prevent waterborne 
diseases and cancer-causing pollutants)”; “preserve biodiversity (to safeguard aquatic species and 
ecosystems)”; “support economic growth (to maintain:  fisheries, tourism, and recreational 
industries)” and “ensure environmental sustainability (to preserve water quality for future 
generations)”.  

INTRODUCTION

Water is a universal solvent that gives ample important merits to human existence, survival, and 
continuity (Akankali and Onyeche, 2012). Anthropogenic activities are a result of man-made 
inclinations toward the ecosystem at large leading to increased pollution of water all over the world. 
These pollutants can be either organic or inorganic (Akram et al., 2018). Anthropogenic activities 
including wastewater disposal have nearly doubled inputs into the global cycle. Manmade activities 
have the potential to make an impact on the water quality of an aquatic ecosystem, depending on the 
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ABSTRACT
The menace of river dumping pollution starts with anthropogenic 
activities of individual household, industrialization and waste 
management in the ecosystem. The objectives of the review were on the 
effects of river dumping on water quality and on fish biodiversity. 
Several literatures were reviewed on the effects of river dumping on 
water quality and fish biodiversity. Researchers critically administered 
questionnaires and collected water quality parameters to analyze the 
level of effects by river dumping thus:   Human contributions to water 
pollution are enormous, such as dumping of solid wastes, industrial 
wastes, and domestic wastes. Water pollution is a major concern to the 
world; river dumping has compromised the quality of consumable fish 
and aquatic organisms as well as the water purity of the aquatic 
environment; continuing this practice of river dumping would be a 
serious threat to the aquatic ecosystems components and it will be 
responsible for water quality depletion, deterioration and destruction 
of aquatic biodiversity. Additionally, policymakers should focus on 
developing appropriate rules and regulations suitable for a country and 
its citizens. Finally, enforcement of laws in a proper way is required to 
reduce the severity of pollution in freshwater ecosystems which are the 
most affected by river dumping pollutions.

KEYWORDS:
Aquatic Pollution,
River Dumping,
Biodiversity, Drums
of Death, Pollutants,
Water Quality
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Igejongbo et al. (2018) researched on the impact of municipal waste on the hydrochemistry of Epe 
Lagoon, they reported mean dissolved oxygen value, 7.17±0.67 mg/l; all the three sampling sites Ejirin 
had the highest dissolved oxygen mean value, 7.35±0.15 mg/l and Agbowa-Ikosi had the lowest mean 
value, 7.07±0.87 mg/l. They stressed that the mean dissolved oxygen value of 7.17±0.67 mg/l which 
is just slightly below recommendation of 8-10 mg/l (FEPA. 1991).

Mean Values of the Physicochemical Parameters of the Epe Lagoon (August, 2014 - July 2016)

water body; disturbance of the aquatic ecosystem may lead to changes in the biological, chemical, and 
physical composition of the water (Arora et al., 2018). 

EFFECTS OF RIVER DUMPING ON WATER QUALITY
Water quality is a general term used to describe the characteristics (physical, chemical, and biological) 
of water resources. It plays an important role in determining aquatic ecosystems and public health (He 
et al., 2020; Uddin et al., 2022). It is a concern across the world due to the widespread release of 
pollutants into freshwater ecosystems (Zanoni et al., 2022). It plays a vital role in maintaining the 
ecological integrity of the river ecosystem (Viswanathan et al., 2015). As an important indicator of 
river health, water quality deterioration is a challenge to humanity (Zanoni et al. 2022) and is a critical 
challenge faced by many countries in Africa (Nkwanda et al., 2021; Biswas et al., 2019; Borett et al, 
.2019) and other regions (Tiyasha., 2020).

Waste dumping in Africa is becoming an increasingly insurmountable burden, with many of the natural 
habitats and bodies of water becoming severely polluted. Lake Victoria, for instance, which is one of 
the great African lakes and one of the largest fresh-water lakes in the world, adjoining Kenya, Uganda 
and Tanzania, is suffering from the effects of waste (Treaster, 2011). It is polluted with raw sewage, and 
has muddied from the erosion of soil from nearby hills which are losing trees and shrubs to people in 
search of firewood. Like Lake Chad in West Africa, and a few other lakes around the world, it has also 
been shrinking. In addition, parts of Lake Victoria are also clogged with hyacinths and algae that have 
been thinning out the fish populations (Treaster, 2011).

DO Temp pH Salinity Turbidity Nitrate Alkalinity Phosphate Conductivity BOD

Epe 7.09 27.07 6.97 0.04 57.31 1.33 56.21 7.72 77.69 1.60
Ejirin 7.35 27.36 7.03 0.08 57.94 1.30 59.00 7.38 75.85 2.09
Agbowa 7.07 26.95 6.95 0.10 58.86 1.31 59.80 7.45 86.08 1.76
Mean 7.17 27.13 6.98 0.13 58.04 1.31 58.34 7.52 79.87 1.82 
SEM 0.129 0.107 0.071 0.00 0.95733 0.029 0.797 0.122 1.592 0.120 
Unit ppm 0C ppt uhoms/cm ppm ppm ppm ppm ppm

Source: Field Survey (August, 2014 - July, 2015; Igejongbo et al., 2018).

Deteriorating water quality is stalling economic growth and exacerbating poverty in many countries. 
The explanation is that, when biological oxygen demand-the indicator that measures the organic 
pollution found in water-exceeds a certain threshold, the growth in the Gross Domestic Product 
(GDP) of the regions within the associated water basins falls by a third. Urbanization, population 
growth, unsuitability, untenable land use and industrialization are the main sources of the pollutants 
that lead to water pollution. These sources lead to the increase of gas emissions, wastes and excessive 
use of water. Thereafter, these actions result in eutrophication, population loss, lethal substances and 
acidification. In this regard, the effects of river dumping on water quality and biodiversity by heavy 
metals, chemicals and other pollutants on the health and quality of fish. Urban rivers play an important 
role in supporting economic and social development (Feisal et al., 2023; Larsen et al., 2016). 
Waste dumping in Africa is becoming an increasingly insurmountable burden, with many of the natural 
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THE “DRUMS OF DEATH” AND THE “DUMP-TOWN”

A considerable problem caused by tourism in Africa is that while some hotels have their own water 
treatment systems, most of the smaller hotels and restaurants use the natural waterways to dispose of 
their waste. In addition, tourists generate more solid wastes than locals; with hotels, restaurants, shops, 
diving and adventure trip organizers all using large amounts of products that come in personal single-
use plastic packaging (Quaade, 2018). Tourism development in Malawi is now also being affected by 
sewage and solid waste disposal. The Mangochi District Council of Malawi, for instance, does not have 
a sewage disposal system outside the town area, so holiday resorts have had to construct their own 
sewage and solid waste disposal systems. The UN says that more than 80% of the world's sewage finds 
its way into seas and rivers untreated. Constructing these disposal systems is costly and often 
unaffordable for the smaller hotels, meaning that this waste often ends up in the surrounding bodies of 
water, polluting the waterways and posing health hazards to humans and wildlife (Ngochera et al., 
2018). Waste in Malawi is also harming the prospects of further tourism, with poor ecological 
conditions becoming a detractor to any future potential tourists and industrial waste (SDNP. 2006). 
Tourism, however, remains the single largest driver of waste dumping into Lake Malawi. Many tourist 
sites around the lake act as locations for people to be able to interact with nature, which has resulted in 
numerous businesses arising to support the tourism activities, while providing employment to people 
from various different backgrounds and professions. Tourists visit Lake Malawi from all over the 
country, and from other countries, to explore the waters, and to taste the multitude of fish species that 
reside in the waters. In the process, however, there is a considerable amount of waste produced. Many 
lodges, hotels, and restaurants, for instance, deposit garbage and human waste into the lake; while 
many residents from the surrounding villages, such as those employed in the thriving tourism industry, 
dump food residues, defecate, wash, and bath in the lake. Tourists, too, dump large amounts of plastics 
and food items that they use into and around the lake (Tsuro, 2021).

habitats and bodies of water becoming severely polluted. Lake Victoria, for instance, which is one of 
the great African lakes and one of the largest fresh-water lakes in the world, adjoining Kenya, Uganda 
and Tanzania, is suffering from the effects of waste (Treaster, 2011). It is polluted with raw sewage, and 
has muddied from the erosion of soil from nearby hills which are losing trees and shrubs to people in 
search of firewood. Like Lake Chad in West Africa, and a few other lakes around the world, it has also 
been shrinking. In addition, parts of Lake Victoria are also clogged with hyacinths and algae that have 
been thinning out the fish populations. 

Europe attracts some of the highest numbers of tourists, however many resorts have poor waste 
management records: some cases include waste dumping into the Mediterranean Sea where Turkey, 
Spain, Italy, and France were reported to dump 144, 126, 90, and 66 tons per day, respectively (WWF, 
2018). Aside from the major increase in safety to public health and the environment due to these 
improvements in water quality, they have also generated considerable economic benefits, with the UK 
sea side tourism industry now being worth £3.6 billion each year, and supporting 210,000 jobs in 
England and Wales alone (Tsuro, 2021).

According to UNESCO (2003), the types of pollutants plaguing marine ecosystems includes 
sedimentation, agricultural run offs, thermal and light energy, sewage, solid wastes, chemicals, metals, 
radioactive substances, oil and biological materials. Thus, this finding in the Lagos lagoons conforms to 
the UNESCO assertions. The dominant solid wastes recorded in most of the dump sites surveyed were 
plastics which include nylons (polyethylene bags), containers, packaging materials and other plastic 
products. The dominance of plastics can be attributed to the frequency of use because of their low cost 
and their non-biodegradable nature. This corroborates the findings of (Ajao, 1996; UNEP, 2006) which 
noted widespread pollution of the Lagos lagoon. Polyethylene products can lead to suffocation of 
aquatic animals which mistakenly swims into them and when swallowed may result is blockages of 
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In 1988, a huge toxic waste was dumped in a farming town in southeast Nigeria's restive oil-producing 
Delta region, as  by a community leader. The community leader, Collins Edema, president of the 
National Association of Itsekiri Graduates, said the waste was dangerous to both agricultural produce 
and aquatic life. It was dumped in Koko, a town in the Warri north local government district of Delta 
state, Mr. Thankgod Seibi, a special assistant to the state's governor on community development 
(Odogwu and Taiwo, 2017). The waste was brought in from a foreign country into Nigeria and dumped 
at Koko. The state government has not done anything about it yet, he said. Mr. Seibi did not give details 
of the foreign country. They were called “the drums of death”. Over 3,500 tons of hazardous waste, 
packaged in innocent-looking barrels, and shipped to an obscure village in Delta State, causing 
mayhem, igniting national outrage and eliciting global concern. That was in June, 1988; when Nigeria 
had no comprehensive environmental laws; when we responded to ecological crisis on an ad hoc basis 
(Odogwu and Taiwo, 2017). An Italian trickster, Gianfranco Rafaelli, claimed he was shipping residual 
chemicals and raw materials for a proposed fertilizer manufacturing company to Nigeria. He deceived 
Nigerian authorities and passed through with his toxic shipment. The killer cargo got to Koko Port "in 
the present Warri North Local Government Area" from Lagos and finally landed in the backyards of 
Mr. Sunday Nana, a grandson of the legendary founder of the town, Chief Nana Olomu, (both of whom 
are now late). As Nana innocently accepted the cargo for safe keep on his land, he unwittingly 
embraced the Grim Reaper's cauldron of afflictions. Influenza, fever, and death followed.  The rest is 
now a well-rehashed history (Odogwu and Taiwo, 2017).

EFFECTS OF RIVER DUMPING ON FISH BIODIVERSITY
Pollution is one of the biggest threats to biodiversity and the environment in the world. Solid wastes are 
often everyday by-products of households, commercial, and institutional entities, and include waste 
such as garbage, sludge from wastewater and water supply treatment plants, as well as other discarded 
materials from industrial operations. Moreover, heavy metals disrupt aquatic ecosystems such as 
aquatic fauna and aquatic flora. Heavy metals are the major sources of water pollution and it has been 
observed that heavy metals causes high damage in fish health that ultimately affects human health. 
These pollutants have also affected the diversity of fish and have created a major imbalance in 
aquaculture. Therefore, heavy metal toxicity has impacted the health and quality of fish and 
consuming them can affect the nervous system and damage sensitive organisms. The prevalence of 
pollutants and heavy metals has caused a major impact on the health and diversity of fish. Water is 
among the most important aspects associated with regular activities and the survival of living creatures. 
Hence, business organizations can focus on improving their waste releasing practices and incorporate 
sustainability approaches to improve the nature of waste and reduce harmful waste. Adopting these 
practice help to improve the quality of water by reducing pollution and also improve fish quality and 
health. Destruction of biodiversity, water pollution depletes aquatic ecosystems and triggers unbridled 
proliferation of phytoplankton in lakes' eutrophication (Javed and Usmani, 2019).
Abiodun (2021) researched on the implications of dumping human waste into Lagos Rivers, he 
observed that dumping human waste in Lagos rivers has negative impacts on human lives, as it results in 
spreading bacterial and viral diseases; it has negative health consequences for people who depend on 
the river as a source of food; it also increased rate of low birth weight as a result of women exposed to 
waste pollutants, and high rate of mortality with sectional average mean of 3.25. He stressed that 

tracts and eventually death. Nubi et al., (2008) in their study, reported that most of the wastes found in 
these dumps are persistent (non-biodegradable) in the environment, and continuously leach heavy 
metal into the water body. The presence of the solid waste dumps is an indication of unregulated 
anthropogenic activities in such areas and suggests a general lack of proper waste management service 
and control. Therefore the use of these open coastal spaces is preferred for its convenience as suggested 
(Sankoh et al., 2013). 
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careless dumping of refuse in waters is detrimental to both human and animals including aquatic life 
(Ezechi et al., 2017).

The Opinion of the Respondents on the Effect of Dumping Human Waste in Lagos Rivers on the 
Environment
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Mean* Stdev. Decision To accept ≥2.5 

Reduced food production 3.64 0.63 Accepted
Deteriorate water quality which stalls economic growth, 3.50 0.55 Accepted

3.71 0.57 Accepted
Attraction of vermin 3.63 0.31 Accepted
Overall Means and Standard Deviation 3.62 0.52 

1= strongly disagree, 2= disagree, 3= agree, 4= strongly agree; Source:
Research Data computation (2021); Abiodun, 2021.

Abdullah et al. (2022) researched on microplastics pollution in the Surma River in Bangladesh: A 
threat to fish diversity and freshwater ecosystem. They reported that the presence of microplastics 
affects water quality, freshwater ecosystem and fish diversity due to inadvertent plastic dumping. They 
also opined that the massive dumping of microplastics has also compromised the quality of consumable 
fish and aquatic organisms as well as the water purity of the freshwater ecosystem. They stress that, 
there is an urgent need to raise awareness among the common people regarding the fate and 
consequences of plastic pollution.

Bashir et al. (2020) researched on the concerns and Threats of contamination on aquatic ecosystems. 
They opined that the discharge of various pollutants into aquatic environments is the outcome of 
countless anthropogenic activities, threatening the heath of the living beings and damaging the quality 
of the environment by rendering water bodies unsuitable (Abowei and Sikoki., 2005; Ekubo and 
Abowei., 2011). They stressed that the degradation of aquatic ecosystems is largely due to human 
activities as well as increased urbanization and industrialization are greatly responsible for water 
pollution.
Sonone et al. (2020) have opinionated about the effects of heavy metals and other pollutants on 
aquaculture which showcases that power plants, biochemical wastes, agricultural activities, electronic 
wastes, volcanic eruptions and others are the core sources of the heavy metals that affects the aquatic 
environment and the health of the fishes. Metal bioavailability and metal accumulation leads to habitat 
loss of the fishes and that creates a poor aquatic environment which eventually negatively affects the 
health of the fishes (Madhav et al., 2020). 
Tsuro (2021) researched on the impacts of waste dumping in Lake Malawi. He observed that waste 
dumping reduces the number of tourist visitors to the Lake. He stressed that waste dumping affects 
the Inhabitants well-being, aquatic species abundance and diversity, and the Lake water quality. He 
stressed that for the lake not to lose it economic potentials: food supply, source of income, 
entertainment, foreign earnings, job opportunity, enhancing sport, home for game and wildlife species 
and other cultural activities, such as swimming, therefore, proper waste management systems should 
be ensured for a healthy aquatic ecosystem.

Aragaw and Giovanini (2022) researched on pollution potential of dumping sites on surface water 
quality in Ethiopia, using leachate and comprehensive pollution indices. They reported that dumping 
sites posed a considerable risk of pollution to adjacent water resources. They stressed that the overall 
Leachate Pollutions Index (LPI) ranged from 23.34 to 27.35, which is higher than the discharge 
standard LPI of 5.69, indicating that dumping sites can threaten the surrounding water resources and 
human health as well as aquatic lives.

Manalo and Hemavathy (2023) researched on the effects of water pollution on the quality of fish. 
They opined that water pollution disrupts the growth of the fishes and decreases the quality of them. 
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RECOMMENDATIONS

Abdullah, A.H., Chowdhury, G., Adikari, D., Jahan, I, Andrawina Y. O., Hossain, M.A., Schneider, P. And 

River dumping starts from human behaviour with their generated wastes and poor waste management; 
due to urbanization, a lot of community dustbins were replaced by living structures-population blast 
and the alternative dumping sites are the aquatic ecosystems, such as rivers, streams, lakes and lagoons. 
Most people dump their wastes into gutters for the rains to flush into rivers and the seas by extension. 
The degradation of aquatic ecosystems is largely due to human activities, increased urbanization, 
industrialization and agriculture are greatly responsible for water pollution. This review has provided 
useful data on the effects of river dumping on water quality and aquatic biodiversity in the aquatic 
ecosystems. Human contributions to water pollution are enormous, such as dumping of solid wastes, 
industrial wastes, and domestic wastes. Water pollution is a major concern to the world; river dumping 
has compromised the quality of consumable fish and aquatic organisms as well as the water purity of 
the aquatic environment; continuing this practice of river dumping would be a serious threat to the 
aquatic ecosystem's components and it will be responsible for water quality depletion, deterioration 
and destruction of aquatic biodiversity.

They noted that the percentage of fish population decreases as well as the percentage of fish decline 
also increases due to water contamination. They observed that these contaminants are formed through 
different activities, including domestic waste, industrial and agricultural waste and stated that heavy 
metals are the major sources of water pollution and it has been observed that heavy metals cause high 
damage in fish health that ultimately affects human health. Hence, these pollutants have also affected 
the diversity of fish and have created a major imbalance in aquaculture. They recommended that 
companies and business organizations should focus on improving their waste releasing practices and 
incorporate sustainability approaches to improve the nature of waste and reduce harmful waste by 
adopting best waste management practices which will help to improve the quality of water by reducing 
pollution and also improve fish quality and health. 

CONCLUSION

Environmental education is very important to reduce the pollution of aquatic ecosystems. Regulatory 
bodies should spring into action to control the dumping of refuse along the river course, so as to prevent 
the extinction of aquatic life in the aquatic ecosystems. Individuals should separate their wastes into 
soft/solid/plastic or biodegradables (decomposing wastes) and non-biodegradables (and not 
decomposing wastes) in their homes and the industries/companies (should treat their sewage before 
discharging into the aquatic ecosystems). Open defecation should be discouraged by humans to 
maintain adequate water quality and healthy potable water for livestock and man.
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INTRODUCTION
The upper bonny estuary in the Okrika area of Rivers State is a regular receiver of domestic and 
industrial waste disposals The bioaccumulation of chemicals from industrial and domestic wastes by 
the biota is an important and interesting study, as concentration levels determine the toxicity to the 
organisms. There is an increasingly need to assess the contaminant levels in fish as indicators of health 
and wellbeing of both the fish and their consumers, including humans (Daka, 2005). Mugilidae are 
amongst the prevalent fish species in Okrika creeks. Likely bioaccumulation of these heavy metals in 
mullet has raised serious concerns, especially, being a fish of high consumption amongst the locals and 
the attendant health challenges it might cause. The need for this study is timely
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MATERIALS AND METHOD
Three estuarine creeks in the upper Bonny Estuary studied have impact of anthropogenic influences from 
National Fertilizer Company of Nigeria (NAFCON), Port Harcourt refinery Company (PHRC) and other 
companies in the Trans-Amadi Area, including the Abbatoir. Twelve (12) sampling points were established 
for the study. Three (3) sampling points within each station (NAFCON, Refinery, Azuabie and Control). 
Samples were collected monthly for a period of twelve months, covering wet and dry seasons. 
Liza grandisquamis were collected from fishermen operating in each of the study stations. Fish samples 
collected were properly labelled in a storage polythene bags and preserved in ice packed cooler and 

ABSTRACT
The level of heavy metals was determined in mullet (Liza 
grandisquamis) in four stations, three of which are in the creeks 
receiving effluents from the National Fertiliser Company of Nigeria 
(NAFCON), Port Harcourt Refining Company (PHRC) and Trans 
Amadi Abattoir, while the fourth station (Control) was located at 
Kalio/Abam axis of Okrika. Fish samples were collected monthly for a 
period of one year. Copper (Cu), Cadmium (Cd), Chromium (Cr), 
Nickel (Ni) and Lead (Pb) were examined in flesh(tissue), liver and gills 
of Liza grandisquamis. The trend of concentration observed was 
Ni>Cu>Pb>Cd>Cr. Concentrations of heavy metals were highest in 
the liver than in the gills and flesh, indicating a concentration trend of 
Liver>Gills>Tissue. Cu, Cd, Cr, Ni and Pb were found in mullet 
organs from the Control station. However, the levels in the organs of L. 
grandisquamis in all stations studied were generally within regulatory 
acceptable limits.

Keywords:
Industrial effluents,
Mullet, Heavy metals,
liver, gills
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taken to the laboratory for analysis. Three replicates of flesh, gills and liver were examined for each 
sampling point. Each replicate is composited from ten (10) individual fish species to obtain enough 
material for analysis. Fish samples were dissected in the laboratory. The liver, gill and tissue (flesh) 
were separated and dried in the oven at temperature of 75C. The samples were allowed to cool and 
then crushed into fine powders using porcelain mortar and pestle, and then digested with acid for the 
determination of copper, lead, nickel, chromium and cadmium using Unicam 969 Atomic Absorption 
Spectrometer (AAS). 
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RESULTS AND DISCUSSION

Copper is an essential part of several enzymes, and it is necessary for the synthesis of haemoglobin. The 
mean concentration range of Cu (Figures2-4) in L. grandisquamis (0.096-0.533mg/kg) analysed was 
below the FAO recommended guideline of 30 µg/g (FAO, 1983). 
The major source of Ni for humans is food and uptake from natural sources, as well as food processing 
(NAS-NRC, 1975). Increased incidence of cancer of the lung and nasal cavity caused by high intake of Ni 
has also been reported in workers in Ni smelters. The estimated maximum guideline (USFDA, 1993) for 
Ni is 70 - 80 µg/g. The concentrations of Ni in all the samples and in all stations (Figures 2-4) were below 
the stipulated limit. The source of Cd in humans is through food consumption. Severe toxic symptoms 
resulting from Cd ingestion are reported between 10 to 326 mg (Sivapermal et al, 2007).

Nickel concentrations were generally higher than other heavy metals analysed in Liza grandisquamis 
with the trend, Ni>Cu>Pb>Cd>Cr. (Figures 2-4). The results also revealed that, there was higher 
concentration of heavy metals in the liver of the species, than in the gills and flesh tissue, indicating a 
concentration trend of Liver>Gills>Tissue. (Figures 2-4). This is consistent with the study of heavy 
metals level (Cd and Cr) in three major carps from River Ravi, Pakistan by Rauf et al (2009), which 
reported that fish liver appeared to have significantly higher tendency for the accumulation of Cd and 
Cr. Also, in a study on the concentrations of copper, zinc, cadmium and lead in Rabbitfish (Siganus 
oramin), in Victoria harbour, Hong Kong, Chan (1995) had reported that, concentrations of copper, 
zinc and lead in the muscle were found to be the lowest in the muscle as compared with other parts of 
the body. This observation is not different from this study, where copper, cadmium, chromium, nickel 
and lead concentrations are lowest in the flesh, than in the gills and liver.

Fig. 1 Map of the area indicating the sampling stations   
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Fatal ingestions of Cd, producing shock and acute renal failure, occur from ingestions exceeding 350 
mg/g ([NAS-NRC, 1982). In the fish flesh samples, the highest concentration (0.18mg/kg) was 
recorded in the Refinery station (Figure 2), which fell below the FAO/WHO (2011) limits of 
0.3mg/kg. Lead is classified as one of the most toxic heavy metals. The biological effects of sublethel 
concentrations of lead include delayed embryonic development, suppressed reproduction and 
inhalation of growth, increased mucous formation, neurological problems, enzyme inhalation and 
kidney dysfunction (Rompala et al, 1984). The highest concentration of 0.48 mg/kg was observed in 
the liver of the fish at the Azuabie station (Figure 3). This is above the 0.3mg/kg FAO/WHO (2011) 
permissible limits. The deficiency of Cr as an essential trace metal results in impaired growth and 
disturbances in glucose, lipid and protein metabolism (Calabrese, et al, 1985). The lowest detectable 
concentration of 0.094 mg/kg was measured in the flesh of the fish samples from the Control station 

Fig. 2: Concentrations of Heavy Metals in Flesh of Liza grandisquamis

Fig. 3: Concentrations of Heavy Metals in Gills of Liza grandisquamis

Fig. 4: Concentrations of Heavy Metals in Liver of Liza grandisquamis
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CONCLUSION

(Figure 2), while the highest concentration of 0.46mg/kg was observed in the liver of the fish samples 
from the Refinery station. The maximum guideline of 12 - 13 µg/g stipulated by (USFDA, 1993) was 
however, higher than the concentrations of Cr measured in all the fish samples, hence the samples are 
safe for human consumption.

The results of the study showed that despite the industrial presence, the levels of heavy metals in fish 
tissues, with few exceptions, are within regulatory limits.  However, there were significantly higher 
values of most metals in the locations receiving industrial inputs compared to the Control, so there is 
potential for the threshold levels to be breached in the future. Continuous monitoring is therefore 
recommended.
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INTRODUCTION
Fin fish have a high protein content and are rich in lipids, minerals, and vitamins. They have a profound 
effect on the lives of many people and communities as a major source of easily accessible and fairly 
priced animal protein (Islam et al., 2023). Compared to other vertebrate groups, fish have the highest 
species diversity, with 33,600 recognized species (Fish base, 2017). The need for fish as a source of 

ABSTRACT
Protozoa are freshwater fish parasites that affect public health and 
cause losses to fish. Parasites cause stress, slowed growth rates, 
weakened immunological responses, and higher mortality rates, which 
have a substantial negative influence on fish welfare and aquaculture 
productivity. The study aimed at investigating the prevalence of 
protozoan parasites in Clarias gariepinus in commercial farms in Ekiti 
North, South and Central districts. Fish samples were purchased from 
three commercial fish farms in Ekiti State and were transported to the 
Fish Biology Laboratory at Federal University Oye-Ekiti. The fish 
samples were checked with a hand lens for ectoparasites. Fins, skins, 
and gills were scraped using a swab stick, smeared on a clean glass slide, 
and checked for external parasites with an OLYMPUS CH binocular 
microscope. Parasites were identified using keys. Data were analyzed 
using SPSS version 26.0 statistical package. A total of 191 samples of C. 
gariepinus were obtained, 117 were infected with protozoan parasites. 
Seven protozoan parasite species (Ich. multifilis, Trichodina sp, 
Chilodonella sp, Epistylis sp, Ichthyobodo sp, Apiosoma sp, and 
Heximata sp) were observed on the skin, fins and gills. The most 
prevalent species is Ich. multifilis in all districts. The overall prevalence 
of protozoan parasites in sampled fish was 61.26%. The percentage 
prevalence in the districts shows that Ekiti North had 54.69%, Ekiti 
South (62.32%) and Ekiti Central (67.24%). Fish parasitism is one of 
the major problems facing fish production. Hence, water quality 
management is imperative for sustainable aquaculture and should be 
advocated to prevent low fish production.

Keywords: 
Protozoan, Parasites,
Prevalence species,
Clarias gariepinus. 
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Study Area
This study was carried out in Ekiti State, Nigeria. Geographically, Ekiti State is situated between latitudes 
7° 15 to 8° 5' north of the Equator and longitudes 4° 45' to 5° 45' east of the Greenwich Meridian. Three 
commercial fish farms were randomly selected, one in each geographical district. The selected farm in 
Ekiti North district is situated in Ikole-Ekiti, Latitude 7°47'53.76"N and a Longitude of 5°30'52.17"E; 
Ekiti Central district is situated in Ado-Ekiti, Latitude 7.621111, and the Longitude is 5.221389; and Ekiti 
South district is situated in Egbe-Ekiti, Latitude 7°35'54.2"N and Longitude 5°36' 27E.

Collection, Identification and Examination of Fish Sample

Prevalence of infection and the intensity of parasites are estimated using the following equation by Das 
et al. (2014) as follows: 

MATERIALS AND METHODS

Live fish samples of C. gariepinus (n=191) with an average total length of 16.5-21.5cm were obtained 
at random from three notable fish farms located in each of the three geographical districts of Ekiti 
State. They were then brought in plastic containers to the Fish Biology Laboratory of the Department 
of Fisheries and Aquaculture, Federal University Oye-Ekiti for examination. The fish samples were 
checked with a hand lens for ectoparasites, and then the fins, skins, and gills were scraped using a swab 
stick. The scrape was then smeared on a clean glass slide and checked for external parasites with an 
OLYMPUS CH binocular microscope. The approach outlined by Ekanem et al. (2011) was followed in 
the independent examination of each fish sample. Keys were used to identify the parasite (Robert, 
(1978); Poulder et al. (2005)). The sexes of the fish samples were identified by physical observation of 
the urogenital papillae as described in Lagrue et al., (2011) Prior to the parasitic examination. 

protein unavoidably rises along with the human population. Fish is a great food source, but because 
they contain pathogenic bacteria and/or their toxins, parasites, and chemical residues, eating them can 
increase the risk of food poisoning and illnesses (Oso et al., 2017).  The majority of fish parasites that 
are frequently encountered are protozoa, which are the easiest to recognize and control with practice. 
Protozoa are a huge collection of eukaryotic creatures (Esteban and Fenchel, 2020). Ecto- and 
endoparasitic protozoans are among the most serious potential risks to fish health among the protozoa 
(Manbe et al., 2020). According to Manchanayake et al. (2023), these parasites attack fish and severely 
damage their skin and gill epithelium. Protozoan infections can result in large financial losses in 
aquaculture. Slower growth rates, ineffective feed conversion, greater death rates, and increased 
medical costs for illness diagnosis, treatment, and prevention could all contribute to these losses 
(Ismail et al., 2020). Parasite/protozoan prevalence in several fish species has been the subject of 
research conducted in impoundment (dams and reservoirs) in Ekiti State, Nigeria (Oso et al.,2017, 
Olagbemide and Awolabi, 2022). Hence, this study will bridge the gap in protozoan parasite 
prevalence in Ekiti State commercial fish farms. This study examines the prevalence of protozoan 
parasites in commercial farms in Ekiti State, Nigeria.
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Prevalence of infection =     Total number of infected fish  

Total number of fish examined

Intensity of Parasite =      Total No of parasite species in a sample of fish examined 

No of fish host infected

X 100

Data Analysis
Data were analyzed using SPSS version 26.0 statistical package and T-test. to compare the 
relationships between factors such as fish sex, weight, total length, and parasitic infection. Significant 
values were taken at (P < 0.05)
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RESULTS AND DISCUSSION
Seven (7) parasite species were encountered during the study period as shown in Table 1. Out of the 
191 samples examined (64 in Ekiti North, 58 in Ekiti South, and 69 in Ekiti Central), 117 were 
infected with protozoan parasites in their skin, fins and gills. The parasite encountered are Ichyobodo 
sp, Trichodina sp, Epistylis sp, Ich. Mutifilis sp, Apiosoma sp, Chilodinella sp, Heximata sp. The overall 
parasites prevalence is (61.26%). The percentage prevalence in the selected farms shows that Ekiti 
North (54.69%), Ekiti Central (67.24%), Ekiti South (62.32%) (Table 2). The overall protozoan 
parasites prevalence in this study (61.24%) is higher than (32.9%) as reported by Eyo et al. (2014) in 
Warri River, (28.57%) in Yola Adamawa State by Idowu et al. (2023), (46.89%) in Makurdi as reported 
by Omeji et al. (2022), (55.56%) as reported by Olagbemide and Awolabi, (2022) in Ekiti State dams. 
The mean intensity was higher in Ekiti North (5.43±0.22a) and the lowest was recorded in Ekiti 
Central (4.10±0.12b). The variations in parasitism rate could be related to biotic and abiotic 
conditions in the study site (Mohammed et al., 2020). Unfavorable conditions may also influence fish 
physiology, encouraging parasite infection and invasion (Eyo et al., 2014); contamination of the fish 
environment may also contribute considerably to fish infestation (Kelly et al., 2010). Fish parasites can 
be internal or external. Parasitic infections are widely used to measure water quality because parasites 
increase in quantity and diversity in polluted environments (Omeji et al., 2011).

Table. 1: Parasitic Infection in C. gariepinus from commercial fish farm in Ekiti, State.

Zone Protozoans
Parasite

No of fish 
infected by 

each 
parasite % Skin %

Location 

Gill % Fin %

EN Ichthyobodo sp. 16 20.78 - - 16 50.00 - -

Trichodina sp. 16 20.78 10 35.71 08 25.00 - -

Epistylis sp. 2 2.59 01 3.57 - - 02 9.09

Ich.Multifilis sp. 24 31.17 12 42.86 02 6.25 13 59.09

Apiosoma sp. 11 14.29 02 7.14 03 9.36 06 27.27

Chilodenella sp. 7 9.09 02 7.14 03 9.36 01 4.55

Heximata sp. 1 1.29 01 3.57 - - - -

EC Ichthyobodo sp. 12 14.46 - - 12 33.33 - -

Trichodina sp. 15 18.07 11 44.00 06 16.67 - -

Ich.Multifilis sp. 28 33.33 11 44.00 08 22.22 13 46.43

Apiosoma sp. 08 9.64 02 8.00 03 8.33 03 10.71

Chilodonella sp. 08 9.64 - - 07 19.44 1 3.57

Heximata sp. 06 7.23 01 4.00 - - 05 17.86

Epistylis sp. 06 7.23 - - - - 06 21.43

ES Ich.Multifilis sp. 23 33.33 11 40.74 2 6.25 10 71.43

Trichodina sp. 14 20.29 08 29.63 7 21.88 1 7.14

Ichthyobodo sp. 14 20.29 - - 14 43.75 - -

Chilodonella sp. 10 14.49 05 18.52 06 18.75 - -

Apiosoma sp. 08 11.59 03 11.11 03 9.89 3 21.43

EN= Ekiti North, EC=Ekiti Central, ES=Ekiti South, %P = Percentage prevalence
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Ekiti North and South surveyed farms showed that the parasite prevalence is higher in male than 
female C. gariepinus while the female out weights the male. Female of C. gariepinus were more 
infected than the male in Ekiti central. There was no correlation between weight, length and parasite 
prevalence in this study. However, this is not in conformity to the findings of Olagbemide and Awolabi, 
(2022) who observed significant correlation of parasite prevalence with the length and weight of fish in 
Ekiti State dams. This is an indication that procurement of parasite is not by sex, weight or length. 

Table.3: Parasite Prevalence in Relations to Fish Sex, Weight and Total Length 
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Table.2: Prevalence, Mean Intensity and Abundance of Parasitic Infestation of C. gariepinus in
Commercial Farms in Ekiti State.

Zone No of fish
Examined 

Infected

EN
EC
ES

Total

64
58
69

191

35
39
43

117

Total no of
parasite

88
101
120

309

Prevalance
(%)

54.69
67.24
62.32

61.26

Mean
Intensity

a
5.45±0.22

b
4.10±0.12

c
4.97±0.16

Mean intensity with different alphabets superscriptions are different significantly at P < 0.05.

Zone Species Sex No of fish 
infect
Ed

%
Prevalence

Weight Length

EN C.gariepinus Female
Male 

20
44

37.14
62.86

76.76 ±8.67a

62.98±7.45a
54.35±5.09a

39.70±4.01a

EC C.gariepinus Female
Male 

42
16

71.79
28.21

50.34±5.03b

93.86±8.97b
49.76±5.30b

51.12±5.76b

ES C.gariepinus Female
Male 

31
38

46.51
53.49

53.44±5.06c

63.29±7.45c
49.67±5.01c

56.46±5.04c

 in Monopterus cuchia. Indian Journal of Applied and Pure Biology, 29(1), 25- 33.
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Pyrethroid pesticides, a type of synthetic organic insecticide derived from pyrethrins, an insecticidal 
chemical present in natural pyrethrum in the flowers of Chrysanthemum cinerariaefolium (Evan and 
Evans, 2009) are amongst the important classes of pesticides mostly used in the control of pest 
populations and domestic insects (Ayaz and Kumar, 2023). They are the only type of pesticides that 
may be applied on insecticide-treated nets (ITNs) and are the cheapest pesticides for controlling 
malaria vectors (Van den Berg et al., 2021), recommended and present in all WHO-prequalified types 
of  ITNs (WHO, 2020; Lissenden et al., 2021), used in the production of long-lasting insecticidal nets 
(LLINs). Pyrethroids are neurotoxic, they target the voltage-gated sodium channel's receptor site- 

INTRODUCTION
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ABSTRACT 
This study assessed the acute toxicity of a commonly sold 'tri-
pyrethroid' insecticide on Clarias gariepinus fingerlings. One hundred 
and sixty fingerlings of mean weight and length, 2.620 ± 0.370g and 
6.480 ± 0.598cm respectively were procured, acclimatized for seven 
days and randomly allocated to five exposure concentrations of 0.0045, 
0.0085, 0.0110, 0.0125 and 0.015ml/L in triplicates, and a control 
(0ml/L) for 96hours in the laboratory using Completely Randomized 
Design. Some physicochemical parameters of the test media were 
determined. Mortalities per exposure concentration were recorded 
24hourly, the 96hr-LC50 of the insecticide was extrapolated using 
Probit analysis. The gills, muscle, intestines and brain were excised for 
histopathological examination. The results showed that, the mean 
values of the physicochemical parameters varied significantly (P< 
0.05) and were concentration dependent. The histopathology of the 
tissues reflected concentration- dependent degenerations and 
alterations. Fish mortality reduced with time, mortalities were 6.67, 
10.0, 56.67, 30.0 and 63.33% in the 0.0045, 0.0085, 0.0110, 0.0125 
and 0.015ml/L concentrations respectively, indicating concentration-
dependent effect. The lethal concentration (96hr-LC50) of the 
toxicant was 0.0128ml/L which implied that, the tri-pyrethroid 
insecticide was highly toxic, will pose great risk to fish and aquatic 
productivity by extension if present in aquatic ecosystems. These 
findings underscore the importance of understanding the toxicological 
effects of such insecticides on non-target species, so as to develop 
effective environmental management strategies to mitigate their 
ecological risks.

Keywords:
Tri-pyrethroid, Clarias
gariepinus, lethal 
concentration, 
histopathology.  
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Toxicant

specifically of insects (Valmorbida et al., 2022), cause change in the membrane potential resulting in 
abnormal state of hyper-excitability in the nerve cells, these alterations in insects have sub-lethal 
incapacitating 'knockdown' effects, and kill exposed insects by binding to sodium channels resulting in 
excitatory paralysis (Davies et al., 2007). There are over twenty pyrethroids widely used in insecticide 
formulations; some are combined to reduce insect resistance and improve the effectiveness of 
formulations. The wide use of pyrethroids pesticides especially for insects control, threatens the 
health of the aquatic organisms as they end up in aquatic ecosystems through spray drifts, run-offs and 
discharges (Bashir et al., 2020; Galadima et al., 2021), with their resultant toxic effects on the 
environment and non-target organisms amongst which are fish. With the recent influx of assorted 
'labeled and unlabeled', 'powder and  liquid' insecticide formulations into markets in Bayelsa State, 
there was need to assess the toxic effects of one these 'labeled', 'liquid,' locally produced insecticide 
formulations (a type II pyrethroid classed as moderately hazardous) using Clarias gariepinus 
fingerlings.  

MATERIALS AND METHOD

Two hundred and forty fingerlings of C. gariepinus of mean weight and length, 2.620 ± 0.370g and 
6.480 ± 0.598cm respectively were procured from a fish farm in Akenfa, Yenegoa, Bayelsa State. 
These were acclimatized for seven days, kept in holding in plastic tanks of 50L capacity in the 
laboratory of the Department of Biological Sciences, Niger Delta University, Bayelsa State using 
borehole water (Reish and Oshida, 1987). They were fed twice daily with Coppen® feed (0.8-1.2mm) 
at 5% body weight twice daily during the holding period with change of media to prevent stress and 
fouling of the water. The fingerlings were monitored for mortality and behavioural changes to allow for 
stabilization before exposure. There was no mortality during the holding period. 

A static renewal toxicity test with five exposure concentrations of 0.0045, 0.0085, 0.0110, 0.0125 and 
0.015ml/L, and a control (0ml/L) made up to 15L with borehole water of acceptable quality in the 50L 
plastic tanks was carried out for 96hours (during which the fish were not fed to reduce fouling). The 
experiment consisted of one hundred and sixty (160) fingerlings of C. gariepinus randomly allocated 
to the five exposure concentrations in triplicates, and control using Completely Randomized Design.
Physicochemical Parameters of Test Media (Water)

Test Organisms 

Experimental Design

This was done to determine the threshold concentrations (concentrations at which minimum 
responses will be elicited from the exposed fish) of the 'tri-pyrethroid' insecticide- 'B'. The 
concentrations of 0.0045, 0.0085, 0.0110, 0.0125 and 0.015ml/L respectively were determined as the 
acute toxicity exposure concentrations after 0.025, 0.05, 0.10 and 0.20ml/L respectively adapted 
after Yidi et al. (2021) and Mohammad et al. (2022) resulted in one hundred percent (100%) mortality 
within three hours of exposure. 

The toxicant used in this study was a commonly sold and used 'tri-pyrethroid' insecticide with the 
assigned name 'B' (to protect the 'trademark'). The insecticide is locally produced in the State and was 
procured from a market in Yenegoa metropolis, Bayelsa State, Nigeria. This 'tri-pyrethroid' insecticide-
'B' (thus, named) was a mixture of three pyrethroids: Deltatmethrin (0.5%), Cypermethrin (0.2%) 
and Cyhalothrin (0.4%).

The dissolved oxygen (DO), temperature, total dissolved solids (TDS), pH, electrical conductivity 
(EC) and salinity were determined to ascertain the suitability of the water for fish survival (Boyd, 
2015) before and after exposure. These were measured in-situ using Hanna HI 9828 
pH/ORP/EC/DO water analyzing device.

Range Finding Test 
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This was based on the determination of the mean values of the evaluated physicochemical parameters 
of the exposure media and the control, assessment of the mortalities of the fish in the exposure 
concentrations and control with time, determination of the lethal concentration (96hr LC50; the 
concentration at which 50% of the test population will die), and histopathological examinations of the 
excised gills, muscle, intestines and brain of the exposed fish against the control. 
Histological Analysis

During the 96-hr exposure period, observations were made and records taken of the mortalities in the 
exposure concentrations every 24hrs and the percentage mortalities deduced with respect to time. Probit 
Plot of mortality was used to determine the median/lethal concentration (96hr LC50) of the toxicant. 

Toxicity Testing 

Mortalities

Statistical Analysis

Sections of the muscles, gills, intestines and brain of C. gariepinus were prepared by dehydration, 
clearing, impregnating, embedding then microtomed and stained with Haematoxyline and Eosin. 
Prepared slides were then viewed under the microscope and microphotography was done using 
Olympus CX31 binocular microscope at x100 and x400 magnification.

Data obtained were analyzed for means ± standard deviation. One-way Analysis of Variance 
(ANOVA) was used to compare the differences in the means at P < 0.05 and the post hoc test utilized 
Duncan's Multiple Range Test using SPSS® version 2.1.0 software. 

The results of the mean values determined for the physicochemical parameters of the test media 
(Table 1) showed that, there were significant differences (P<0.05) with respect to concentrations 
with obvious differences in the mean values of the TDS, EC and salinity. 

RESULTS AND DISCUSSION
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Exposure
Concentrations 
(ml/L)

Temperature

(℃)

pH DO

(mg/L)

TDS

(mg/L)

EC

(µS/cm)

Salinity
(mg/L)

0 26.90±0.10a 6.95±0.04cd 4.73±0.09ab 119.30±3.33d 253.00±5.23d 151.50±11.37d

0.0045 27.85±0.05b 6.83±0.10ab 5.37±0.25ab 110.50±8.50bc 221.50±17.50bc 141.76±11.20b

0.0085 27.95±0.05bc 6.59±0.08a 5.31±0.70ab 104.00±3.00b 209.00±5.00b 133.76±3.20ab

0.0110 27.95±0.05bc 6.92±0.03c 4.94±0.04a 92.00±1.00a 183.50±1.50a 117.44±0.96a

0.0125 28.00±0.00c 6.79±0.12bc 5.62±0.30b 124.50±2.50d 249.00±5.00c 159.36±3.20cd

0.0150 28.10±0.00d 7.09±0.01d 5.68±0.17b 115.50±11.50 cd 231.00±22.00bc 147.84±14.80cd

WHO (2008) <40 6.5–8.5 > 4 500 70 <600
USEPA (2011) - 6.5–8.5 - 500 - -

Table 1: Result Showing the Mean ± Standard Deviation of the Physicochemical Parameters of the Test 
-Pyrethroid Insecticide –‘B’ 

The differences in the values of the TDS, EC and salinity among the exposure concentrations were 
attributable to increased physiological activities in the fish in response to increased stress due to the 
toxicant/concentrations. The DO and EC levels were observed to be higher than the WHO (2008) and 
USEPA (2011) guidelines for water thus, fish. These values indicated increased presence of solutes in the 
test media which implied increased physiological activities and stress in the fish since they were not being 
fed. The parameters determined were affected by the toxicant and the variations were concentration-
dependent which had negative implications on the fish physiology. These findings had similar patterns 
with the reports of Yidi et al. (2021), who worked on the effects of Deltamethrin on Chanas argus and 

Key: Means with the same superscripts were not statistically different at P<0.05; DO =Dissolved 
Oxygen; pH = Potential Hydrogen; EC = Electrical Conductivity; TDS = Total Dissolved Solids; 
WHO = World Health Organization; USEPA = United States Environmental Protection Agency
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Hossain et al. (2022), who worked on the effects of Chlorpyrifos on Oreochromis niloticus. 
For the mortality, there were 32, 9, 6 and 4 dead fish at the 24th, 48th, 72nd, and 96th hour. The 
exposure concentrations of 0.0045, 0.0085, 0.011, 0.0125 and 0.015ml/L had 6.67, 10.0, 56.67, 30.0 
and 63.33% mortality respectively while the control had one (Fig. 1). These indicated that, mortality 
reduced with time (attributed to the sequestration of the insecticide) but increased with increase in 
concentration, thus, mortality was concentration-dependent. 

The lethal concentration (96hr LC50) of the insecticide was extrapolated to be 0.0128ml/L which 
implied that, this tri-pyrethroid insecticide was highly toxic. Prudencio et al. (2023), investigated the 
acute toxicity of increasing concentrations of the insecticides- Pyrinex Quick 212 EC (Deltamethrin 
12g L−1and Chlorpyrifos 200g L−1) and Pyro FTE 472 EC (Cypermethrin 72� gL−1and 
Chlorpyrifos 400g L−1) on C. gariepinus with emphasis on liver histopathological effects for 96hr. 
The values of the reported 96hr LC50 were 0.004 and 0.012µL L−1 for Pyrinex and Pyro respectively, 
indicating very high toxicity to C. gariepinus juveniles. These values were similar to the findings of this 
study for the tri-pyrethroid (cypermethrin, cyhalothrin and deltamethrin) implicated in the toxicity of 
this insecticide as reflected in the mortalities observed. This value was lower than the 1.94�g/L 96hr-
LC50 determined by Yidi et al. (2021), for Deltamethrin insecticide, which implied that, 
deltamethrin alone was less toxic than the tri-pyrethroid, attributable to the synergy between 
Deltatmethrin, Cypermethrin and Cyhalothrin.

Fig. 1: Mortalities of Clarias gariepinus fingerlings in the Different Exposure Concentrations of the 
Tri-Pyrethroid Insecticide – 'B' with time.

Histology of the Gills, Muscles, Intestines and Brain

The gills from the control had the gill filaments arranged in parallel rows, the gill archs were intact with 
the secondary branchial lamellae evenly spaced (Plate A). The sections of gill tissues from the exposure 
concentrations showed diffusion of muscous cell, damaged gill filaments and rakers (shortening of and 
eroded secondary lamellar), acute necrosis of epithelial cells (Plates B and C). 

Microscopic examinations of the prepared slides showed histopathological changes in the muscles, 
gills, intestines and brain of C. gariepinus from the exposure concentrations when compared with the 
control (Plates A - L). The changes increased with increase in the concentration of the toxicant that is, 
the alterations were concentration-dependent.
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A= Control (0ml/L); B= 0.0045ml/L; C= 0.0150ml/L     : Intact gill archs        : Intact Gill filament/rakers

Normal muscles of fish are smooth (non-skeletal and nucleated), striated (skeletal), musculature has 
myotomes which slope in nature. These were observed in the fish tissues from the control (Plate D). 
The muscle tissues from the exposure concentrations showed slight thickening or atrophy of the 
tissues with increased sloping, necrosis, vacuoles and splitting of muscle fibers. The vacuoles and 
degenerated muscles increased with the concentration of the toxicant (Plates E and F).

          = Necrosis and Lesions of epithelial cells      :Damaged gill filaments/rakers (shortening of and 
eroded secondary lamellar);      :Congestion of secondary gill lamella;       : Diffusion of mucous cell
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A B C

D E F

D= Control (0ml/L); E = 0.0045ml/L; F= 0.0150ml/L;     = Necrosis;        = Sloping/Degeneration 
of muscle fiber;    = Splitting of muscle;        = Vacuole
The small intestine has large circular folds called plicae circular (    )that has the mucosa (     ) and the 
villi (   ) which are finger-like projections of simple columnar epithelium and goblet cells (  ). These 
were intact in the control (Plate G). The villi increase the internal surface area of the intestinal walls 
which allows for more intestinal wall area to be available for absorption, to aid in digestion and 
absorption of food nutrients. These tissues were damaged in the exposed fish (Plates H and I) which 
increased with concentration when compared with the control. Tissue alterations included erosion of 
the villi, clumped/atrophied in the villi, shrinkage and deadening of the goblet cells (darker colour), 
lesions in the mucosa which may result in intestinal dysfunction. These observations were in line with 
the study of Wu et al. (2022), who studied Deltamethrin disruption of the intestinal health of Crucian 
Carp. The intestinal tract is essential in controlling nutrient digestion and absorption while functioning 
as a barrier to prevent foreign antigens and pathogens from entering the mucosal tissues. The integrity 
of the goblet cells and their secretions-mucins play vital role as intestinal barrier in maintaining 
intestinal homeostasis. Goblet cells defects can allow bacteria to make contact with the epithelial cells, 
thereby, triggering excessive immune response in fish and various intestinal infections (Johansson and 
Hansson, 2014; Birchenough et al., 2015; Yang and Yu, 2021), a threat to fish health and well-being. 
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The sectioned brain showed that, there was reduced mass and evident separation within and between 
tissues in the grey matter (lighter shade) and white matter (darker shade), with slight clumping and 
necrosis which was obvious in the tissues of fish from the exposure concentrations (Plates K and L) 
which were different from the control (Plate J). 

G= Control (0ml/L); H = 0.0045ml/L; I= 0.0150ml/L; Control had normal plicae circular showing 
mucosa and villi with the goblets.          = Lesions in the mucosa;        = Shrinkage and deadening of 
the goblet cells;                  = Erosion of villi;       = Clumped/atrophied in the villi.

G H I

J K L

J= Control (0ml/L); K = 0.0045ml/L; L= 0.0150ml/L;     = Slight clumping and necrosis;    = 
Reduced mass and separation of tissues.

The low proclivity of pyrethroid pesticides to accumulate in organisms (Ayaz and Kumar, 2023), their 
quick photo-biodegradation (Agnieszka et al., 2018), and efficiency (Li et al., 2017) have resulted in 
their abuse with predictable resultant effects. In insects, type II pyrethroid insecticides cause 
'choreoathetosis syndrome' (Gupta and Crissman, 2013). Paul and Simonin (2006), reported that, 
pyrethroids were 10–1000 times more toxic to aquatic animals than to mammals and birds due to their 
lower ability to degrade pyrethroid pesticides. Fish lack hydrolase, hence, cannot detoxify synthetic 
pyrethroid pesticides hydrolytically as efficiently as mammals (Yang et al., 2016). Several studies have 
shown that, pyrethroid pesticides are hazardous to fish in reproductive and early development phases 
(Farag et al., 2021). Uptake of pyrethroids in fish may be due to the lipophilic and hydrophilic 
properties (Clasen et al., 2018) and the ease of entry into fish through the gills, skin, during feeding, 
and their transport to tissues through blood circulation thereby, resulting in the toxic effects. 
Deltamethrin, cypermethrin, and lambda-cyhalothrin have been shown to cause histopathological 
abnormalities in tissues such as, fish gills, liver and muscles (Ogueji et al., 2019; Yang et al., 2020) 
which were comparable to the effects of Chlorpyrifos on Oreochromis niloticus (Hossain et al., 2022) 
as were observed in the degeneration and alterations in the excised gills, muscles, intestines and brain in 
this study. These histological changes can impair behaviour, respiratory function, nutrition and 
development, swimming performance and balance. These can have significant implications on the 
survival, health, well-being and even reproductive successes of the fish when exposed to such 
insecticides in aquatic ecosystems. 
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CONCLUSION
Following the environmentally relevant concentrations of the tri-pyrethroid-'B' in this study, the 
findings have clearly shown histopathological alterations that are detrimental to C. gariepinus. It is 
highly toxic to fish and aquatic vertebrates by extension evident in the mortalities; with negative 
impacts on physicochemical parameters of water and aquatic productivity by implication. 
Understanding of the toxicological effects of such insecticides on non-target species is important, so as 
to develop effective environmental management strategies to mitigate their ecological risks.
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PRELIMINARY ASSESSTMENT OF HEAVY METALS IN WATER, FRESH 
AND DRIED Clarias gariepinus (BURCHELL, 1822) FROM LAKE ALAU 
DOWN STREAM, MAIDUGURI, NIGERIA

INTRODUCTION
Pollution can be defined as the introduction of contaminants into the natural environment that causes 
adverse change (Merriam-Webster, 2010). Pollution can take the form of chemical substances or 

Heavy metals are natural components of the aquatic environment, 
but industrial, agricultural, and mining activities have increased their 
levels. The concentration of heavy metals in water sources has raised 
health concerns, particularly for humans. Ngadda River, used for 
domestic, car washing, irrigation, and fishing, is polluted with heavy 
metals from wastewater, burnt tires, sewage, and automobile waste. 
Water and fish samples were collected from four sites along the river 
in August and September 2022 from river Ngadda, downstream of 
Lake Alau, Maiduguri. The samples were analyzed for cadmium 
(Cd), lead (Pb), iron (Fe), and chromium (Cr) using the nitric-
perchloric acid digestion method. The results obtained from this 
study were 0.016-0.352mg/l and 0.013-0.363mg/l in August and 
September for cadmium (Cd) in water samples, 0.015-0.617 mg/l 
and 0.038-0.505 mg/l, 0.031-0.655mg/l and 0.044-0.535mg/l in 
August and September for cadmium (Cd) in fresh and dried fish 
samples. Lead (Pb) below detection limit and 0.014-0.016mg/l for 
water samples, 0.280-0.538mg/l and 0.285-1.538mg/l for fresh and 
dried fish in August and September. Iron (Fe) 0.264-2.429mg/l and 
0.273-2.447mg/l for water, 2.569-13.70mg/l and 7.104-14.723mg/l 
for fresh and dried fish in August and September. Chromium (Cr) 
0.004-0.094mg/l and 0.036-0.237mg/l for water samples 0.196-
0.680mg/l and 0.126-0.446mg/l for fresh and dried fish, in August 
and September respectively. The results showed that the 
concentrations of Cd, Pb, Fe, and Cr in water samples exceeded the 
WHO/FAO permissible limits. The study concluded that the river is 
polluted with heavy metals, posing health risks to humans. To 
mitigate this, laws enforcing the recycling of leather, rubber, and 
plastics should be enacted to reduce heavy metal contamination in 
aquatic ecosystems.

ABSTRACT

Keywords:
Heavy metals concentration,
Lake Alau, Anthropogenic
activities, African catfish 
products.
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energy, such as heavy metals. In 2015, pollution killed 9 million people in the world (Beil and 
Carrington, 2017). A Heavy metal is dense that is (usually) toxic at low concentrations. Although the 
phrase "heavy metal" is common, there is no standard definition assigning metals as heavy metals 
(Helmenstine, 2018). Heavy metal is defined mainly on the basis of its specific weight. Heavy metal on 
the basis of periodic table would be referred to as transition elements, rare earth elements, which can 
be subdivided into lanthanides and actinides, a heterogeneous group including the metal B1, elements 
that form amphoteric oxides aluminium (Al), gallium (Ga), indium (In), titanium (Ti), tin (Sn), lead 
(Pb), antimony (Sb) polonium (Po) and the metalloids germanium (Ge), arsenic (As) and tellurium 
(Te) (Klaus, 2010). Heavy metals are essential components of aquatic environment, usually found in 
really low concentrations. The many parts of the heavy metals released into the earth discover their 
way into the freshwater and marine environment as by many ways as input of direct air deposition, 
climatic, and disintegration due to rainwater. The levels of heavy metals are too high, in the area where 
domestic activities, mining activities, mechanical and cultivating activities are across the natural areas 
(Suleiman and Suleiman 2019)
The bioaccumulation of heavy metals widely varies among aquatic organism species, which is mainly 
due to specific physiological processes, metabolic activities, feeding strategies, and living habits (Baki 
et al. 2018; Liu et al. 2019). Moreover, some metabolically active organs, such as gills and the liver, 
generally accumulate high levels of heavy metals (Subotić et al., 2013; Djikanović et al. 2018). Recent 
development and advancements in the agricultural sector, industrialization, and urbanization have 
contributed substantially to elevated heavy metal pollution in freshwater and marine environments. 
Anthropogenic activities such as mining and smelting (Chen et al. 2015), combustion of fossil fuel 
refining (Muradoglu et al., 2015), discharge and disposal of domestic and municipal wastes (Khan et 
al., 2016), using pesticides in agricultural sector (Ogunlade and Agbeniyi 2011), sewage irrigation in 
some countries (Sun et al., 2013), fertilizer and urea application (Atafar et al., 2010), dust (Chen et al., 
2011) contribute to spread the levels and concentrations of dangerous heavy metals in the aquatic 
environments. Different parts of fish such as gills, liver, kidneys and muscles have been widely 
investigated for heavy metals (Oguzie and Izevbigie, 2009). Fish have been considered as one of the 
most significant indicators in water systems for the estimation of metal pollution level (Oguzie and 
Izevbigie, 2009). Therefore, the objective of this project is to determine the concentration of Heavy 
metals in water, tissues of fresh and dried Clarias gariepinus.

MATERIALS AND METHODS
Study Area
The study site lies between latitude 11o 48' N – 11o 52' and longitude 13o 06'E – 13o 14' at an altitude 
of 345m above sea level. This area has a long period of dry season and the vegetation is of grassland type 
with Sudan type of climate. The annual rainfall is light with average value of 864mm (34inches) and 
the temperature ranges from 22–31°C (Bukar et al., 2016).  
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Sampling

Nitric (HNO3) digestion was carried out. 50ml of the water sample was transferred into a beaker and 
5ml of HNO3 was added, it was then placed on a hot plate and evaporated for about 20 minutes. After 
cooling, another 5ml of HNO3was added. The beaker was covered with watch glass and returned to 
the hot plate. Heating was continued for 20 minutes, and then a small portion of HNO3 was added 
until the solution appears light colored and clear. The samples were filtered and the volume was 
adjusted to 100cm3 with distilled water (Radojevic and Bashkin, 1999). 

Fish digestion

The concentrations of Cd, Pb, Fe, and Cr were determined by an Atomic Absorption Spectroscopy 
(AAS) in the Chemistry Laboratory, National Institute for Freshwater Fisheries Research (NIFFR). 
AAS determinations are made by furnace AAS when the concentrations are high enough, or by 
graphite furnace AAS (GFAAS) when the concentrations are low. As long as the same results are above 
the detection limit both techniques basically give the same result.

Sample preparation 

All experiments were performed in triplicate. One-way analysis of variance (ANOVA) was utilized to 
distinguish the mean levels of each of the four heavy metals (Cd, Pb, Fe and Cr). A stepwise multiple 
comparisons procedure will be used to identify sample means that are significantly different from each 
other.

Water and fish samples were collected monthly from each of the four sampling sites from August to 
September 2022. Samples were collected along the river with the aid of a canoe. Water samples were 
collected at the water surface using 350ml HDPE (high density polyethylene) bottles. Water sampling 
bottles were rinsed with the water before sampling was done at each site. A wide fishing net (drag net) 
was pushed to the bottom of the river and dragged out. One water and two fish samples were collected 
from each site monthly during the study period.

Water digestion

Heavy metal Analysis

Nitric-Perchloric acid (HNO3-HClO4) digestion method was carried out as recommended by 
Association of Analytical Communities (AOAC, 1990). A sample of 1.0 g was taken into a digestion 
tube and 10 ml of concentrated HNO3 acid was added. The mixture was boiled for 45 minutes to 
remove all oxidizable matter. After cooling, 5ml of HClO4 was added and the mixture was boiled until 
a white fume was observed. Then 20 ml of distilled water was added and the mixture was further 
boiled to release any gas. Finally, the mixture was filtered using filter paper. Each digested sample was 
diluted and make up to 50ml with distilled water after the digestion, for AAS readings.

RESULTS
Concentrations of heavy metals in fresh fish of August and September
The results showed significant differences in metal concentrations among stations. In August, the 
highest mean values were recorded for cadmium (0.617mg/L) at station three, lead (0.538mg/L) at 
station three, iron (13.617mg/L) at station one, and chromium (0.680mg/L) at station one. In 
September, the highest mean values were recorded for cadmium (0.655mg/L) at station three, lead 
(0.566mg/L) at station four, iron (13.77mg/L) at station one, and chromium (0.682mg/L) at station 
one. The results showed that metal concentrations were generally higher in September than in August.

A total of 16 fishes belonging to Clarias garipienus were sampled throughout the sampling periods.

Statistical Analysis 
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Concentration of heavy metals in dried fish of August and September
The results showed significant differences in metal concentrations among stations. In August, the 
highest mean values were recorded for cadmium (0.505mg/L) at station three, lead (1.538mg/L) at 
station one, iron (14.643mg/L) at station two, and chromium (1.307mg/L) at station four. In 
September, the highest mean values were recorded for cadmium (0.535mg/L) at station four, lead 
(1.552mg/L) at station one, iron (14.723mg/L) at station two, and chromium (0.446mg/L) at station 
one. September generally recorded higher metal concentrations than August.

Table 4.1: Mean concentrations (mg/kg) of Cd, Pb, Fe and Cr from fresh fish samples of August and September

Stations Cd Pb Fe Cr

SSA1

SSA2

SSA3

SSA4

0.015±0.003c

0.177±0.009b

0.617±0.001a

0.019±0.000c

0.407±0.001b

0.280±0.006c

0.538±0.001a

0.528±0.001a

13.70±0.003a

10.16±0.013b

2.569±0.001d

5.436±0.002c

0.680±0.010a

0.298±0.000b

0.227±0.001c

0.196±0.002d

SSS1

SSS2

SSS3

SSS4

0.057±0.001c

0.194±0.002b

0.655±0.002a

0.031±0.001d

0.435±0.002c

0.297±0.002d

0.545±0.003b

0.566±0.002a

13.77±0.009a

10.34±0.015b

2.577±0.001c

5.463±0.015d

0.682±1.667a

0.315±1.453b

0.234±1.453c

0.195±2.646d

SSA: Sample station in August, SSS: sample station in September.
Mean value within the column with the same superscript are not significantly different 

Table 1: Mean concentrations (mg/kg) of Cd, Pb, Fe and Cr from dried fish samples of August and September

Stations Cd Pb Fe Cr

SSA1

SSA2

SSA3

SSA4

0.038±0.001c

0.153±0.002d

0.094±0.002b

0.505±0.002a

1.538±0.001a

0.315±0.002c

0.285±0.002d

0.443±0.001b

13.263±0.018b

14.643±0.015a

6.917±0.002d

11.873±0.009c

0.435±0.001b

0.216±0.001c

0.137±0.017d

1.307±0.001a

SSS1

SSS2

SSS3

SSS4

0.044±0.003c

0.106±0.004b

0.106±0.001a

0.535±0.002d

1.552±0.001c

0.337±0.002d

0.343±0.020b

0.474±0.002a

13.387±0.026a

14.723±0.038b

7.104±0.003d

12.030±0.015c

0.446±0.001a

0.223±0.001b

0.126±0.002c

0.317±0.003d

SSA: Sample station in August, SSS: sample station in September.
Mean value within the column with the same superscript are not significantly different 

Concentrations of heavy metals in water samples of August and September
In water samples of the first month, the highest mean value was recorded as 0.353±0.002 at station 
three and the least value of 0.105±0.003 was recorded at station one for cadmium, the means are 
significantly different from one another. For lead, all the four stations were below detection limit. Iron 
has the highest value of 2.429±0.003 at station one and with the least value of 0.264±0.003 at station 
two the means are significantly different from one another. Chromium has the highest mean of 
0.094±0.002 at station one and a least value of 0.004±0.002 at station four, the means are not 
significantly different from one another, while the September, the highest mean value was recorded as 
0.363±0.004 at station four and the least value of 0.013±0.002 was recorded at station one for 
cadmium, the means are significantly different from one another. Lead has the highest mean of 
0.016±0.002 at station three and a least value of 0.014±0.002 at station one, the means are not 
significantly different from one another. Iron has the highest value of 2.447±0.001 at station three and 
with the least value of 0.273±0.002 at station two, the means are significantly different from one 
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another. Chromium has the highest mean of 0.237±0.015 at station three and a least value of 
0.036±0.001 at station one, the means are significantly different from one another.

Table 2: Mean concentrations (mg/kg) of Cd, Pb, Fe and Cr from water samples of August 

S/N Cd Pb Fe Cr

SSA1

SSA2

SSA3

SSA4

BDL

0.183±0.002c

0.105±0.003b

0.353±0.002a

BDL

BDL

BDL

BDL

1.813±0.001c

0.264±0.003d

2.429±0.002a

1.943±0.002b

BDL

BDL

0.004±0.001 b

0.094±0.002a

SSS1

SSS2

SSS3

SSS4

0.013±0.002d

0.027±0.003c

0.116±0.002b

0.363±0.004a

0.014±0.002a

BDL

0.016±0.002a

BDL

2.131±0.006b

0.273±0.002d

2.447±0.001a

1.959±0.001c

0.036±0.001c

BDL

0.237±0.015a

0.177±0.007b

SSA: Sample station in August, SSS: sample station in September.
Mean value within the column with the same superscript are not significantly different 

While the concentrations of cadmium, lead, and chromium in fish and water samples pose some 
potential health risks, especially with chronic exposure, iron concentrations do not appear to be a 
concern. The study suggests that contamination is mainly due to anthropogenic activities, and careful 
monitoring and consumption of fish from these water sources are necessary to avoid health hazards.

The authors gratefully acknowledge the Federal Collage of Freshwater Fisheries Technology, Baga, and 
FISON community for their guidance, research encouragement and friendly critique. We also 
appreciate the assistance rendered by the laboratory staff of the Chemistry Laboratory, National 
Institute for Freshwater Fisheries Research (NIFFR).

CONCLUSION

The presence of heavy metals in water and fish higher than a certain concentration especially the well-
known set standards can cause a serious health hazard to human beings and other living organisms. 
Knowing the concentration of heavy metals in fish tissues has become a necessity for knowing how to 
control nature and combat pollution on the one hand and their suitability for human consumption 
(Sankhla et al., 2016). Cadmium (Cd) concentrations in fish tissues were found to be below the World 
Health Organization (WHO) recommended limit of 2.0 mg/kg, but the concentrations in water 
samples exceeded the permissible limit of 0.003 mg/l. Though the levels were lower in fish, 
cumulative exposure may still pose a health risk, especially with prolonged consumption.

ACKNOWLEDGEMENTS

Several stations showed chromium concentrations exceeding the recommended limit of 0.15 mg/l in 
fish tissues. The elevated levels are likely due to industrial waste, such as from leather tanning and 
metallurgy, contaminating the environment.

DISCUSSION

Lead concentrations in fish tissues were within safe limits, but water samples showed elevated Pb 
levels. This is likely due to anthropogenic sources, particularly agricultural activities around the river. 
Lead is harmful, affecting the nervous system, causing anemia, and may lead to other serious health 
issues.
The concentrations of iron in both fish tissues and water were well below the WHO's recommended 
upper limit of 43 mg/l, suggesting no significant health risks associated with iron in the studied area.
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Fisheries in the Niger Delta are highly developed with Bayelsa State as one of key player states within 
this region. (Izah et al., 2022). Flourizel et al. (2024), reported that, the state has rich marine and 
freshwater fisheries in the rivers and streams that flow into the Atlantic Ocean due to its extensive 
coastline. Bayelsa State created in 1996 from Rivers State has evolved to become a center for fishing 
camps, causing many of its inhabitants to go about their daily lives as fishermen (Olali, 2023). Bayelsa 
State has a small land area of 10,773sq kilometers (Mienye, 2016). The streams, rivers that transverse 
the state with Nun River and Forcados River as the major tributaries; and the Atlantic Ocean to the 

INTRODUCTION

Oil contamination poses significant threat to fisheries in Bayelsa 
State, Nigeria, impacting aquatic biodiversity, water quality, and the 
socio-economic welfare of host communities. This paper synthesized 
recent findings on the effects of oil contamination on fisheries in 
Bayelsa State, provides crucial insights into the detrimental effects of 
oil contamination on fisheries. A review of recent literature with 
focus on the impacts of oil spills and pollutants such as, polycyclic 
aromatic hydrocarbons (PAHs) and heavy metals on fish populations 
and aquatic ecosystems helped to assess the threats, effectiveness of 
various monitoring and management strategies. The findings revealed 
that, oil spills and pollution have extensive and long-lasting effects on 
fish populations and aquatic ecosystems. Contaminants accumulate 
in fish tissues, posing health risks to humans, disrupting ecosystem 
balance and dependent livelihoods. Effective long-term monitoring 
programs that integrate biological and chemical analyses are essential 
for tracking changes in species abundance, and water quality. The 
paper provides recommendations for research and actions to address 
these challenges, and offers practical remediation and sustainable 
management strategies. The study underscored the critical need for 
adaptive management strategies and sustainable fishing practices to 
mitigate the impacts of oil contamination. Such strategies are vital for 
ecosystem recovery and maintaining the viability of local fisheries. 
Future actions should include the implementation of long-term 
monitoring programs, the regulation of fishing seasons, the 
establishment of catch limits, and the creation of marine protected 
areas. Emphasizing on sustainable fishing practices will help 
safeguard the future of fisheries in Bayelsa State. 

ABSTRACT

Keywords:
Oil contamination,
fisheries, Bayelsa State.
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south (Abam and Fubara, 2022) with the mangroves, brackish waters and wetlands are fertile for 
fisheries with diverse fish species and other aquatic resources for artisanal and industrial fishing 
activities (Aghughu et al., 2021). Bayelsa State is significant in terms of ecological importance as these 
water bodies provide diverse ecosystems, important spawning grounds (Nwankwoala and Okujagu, 
2021) and habitats for different aquatic species (Andrews et al., 2021).
The indigenous Ijaw people, who form a significant part of the state's population, have traditionally 
relied on fishing as a primary source of livelihood. This historical dependence on fishing activities, 
passed down skills and knowledge have shaped the state's cultural and economic landscape (Asanebi, 
2018). Riverine settlements in Bayelsa State have a wide range of small-scale fishing techniques that 
are based on indigenous technology. Some examples of these techniques include the use of set gill nets, 
purse seine, long lines, nets, hooks, small boats, cast nets, landlines, basket nets, and low-capital gear 
(Odele et al. 2022). 

Several researchers have studied the effects of oil pollution on soil quality, ecosystems, and agricultural 
productivity (Gao et al., 2022). Fertile lands have been converted into wastelands due to oil-degraded soils 
resulting in soil pH changes associated with changes in organic matter, nutrient availability, reduced crop 
yield and food security (Ekundayo et al., 2001). Dido (2021), examined the use of degreasing agents and 
surfactants for the rehabilitation of crude oil-contaminated soils along the Qua Iboe River in the Niger 
Delta and showed improvements in soil quality and crop growth metrics after treatment. Akpan (2022), 
Isukul et al. (2023) and Ephraim-Emmanuel et al. (2023), examined the devastating effects of the oil 
industry on marine biodiversity, soil, air, water, and overall ecosystem health in the affected areas, with 
mortalities and extinction of marine species, natural resource degradation, impacts on human livelihoods, 
health and well-being.  Izah et al. (2022), studied the effects of oil on soil and microbiological features with 
focus on hydrocarbon-utilizing bacteria, showed higher carbon/nitrogen ratios in more degraded areas, 
and consequently increased soil infertility and microbial diversity. Usiobaifo et al. (2023), highlighted the 
negative impacts on social and economic activities, especially artisanal fisheries which is important for 
many coastal communities. Ephraim-Emmanuel et al. (2023), reported that, artisanal fisheries are 
severely reduced due to periodic oil spills causing significant reductions in local fisheries productivity and 
impoverishment among dependent families.

The Problem
Since the discovery of oil in 1956 in Bayelsa State, oil naturally took center stage in Nigeria and 
generates more than 85% of the country's export earnings (Wilcox, 2024). The past sixty years have 
seen unprecedented changes as crude oil production has largely replaced agriculture (Eleke et al., 
2019) and other sectors, and exposed Nigeria to the best and worst parts of modern civilization. Oil 
spills and vandalism of pipelines have become more common, resulting in high levels of oil 
contamination on land and water (Akpoghelie et al., 2021). This has had devastating impacts on 
artisanal fishing activities and the dependent families, leading to high levels of poverty as fishing efforts 
have little or no outcome (Freduah et al., 2017). Large amounts of produce water and other 
contaminants are often released into the environment during oil exploration and exploitation have 
worsened the environmental conditions. Run-offs from municipal areas is another source of oil 
pollution. According to Abam and Fubara (2022), oil products (naptha, paraffin, asphaltenes, 
hydrocarbons, etc.) in run-offs from roads, parking lots, and industrial areas besides spills get into 
water drains, rivers, estuaries, and the sea. Polycyclic aromatic hydrocarbons (PAHs) and heavy metals 
are two groups of compounds that are found in petroleum products that have potentials to cause health 
problems in marine life (Mehr et al., 2020); their impacts on livelihoods is severe and prolonged, and 
has led to a state of pollution that can be said to be 'acute' in its destruction of aquatic life, habitat and 
livelihoods (Akagbue et al., 2024).
Impacts on Ecosystems
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Effects of Oil Contaminants on Fisheries in Bayelsa State
An oil spill is often very destructive, it quickly spreads a film over large areas of the affected water body 
(Plates 1 and 2) causing death of animals as oil droplets coat them, cut off oxygen supply, and cover the 
tidal zone (Wilcox, 2024).

Artisanal fisheries, defined as small-scale fisheries that typically use local boats near shore with traditional 
fishing techniques, is an important activity that supports livelihoods and local food security (Manhice et 
al., 2022). Pegg and Zabbey (2013), examined how the oil industry has destroyed traditional livelihoods 
centered on agriculture and fishing. These have serious consequences on food security and livelihood, as 
water pollution and loss of fishing areas threaten the survival of artisanal fisheries. 

 Plates 1 and 2: Oil slicks covering water bodies 

Economic Impacts on Fishing Communities

For the local communities in Bayelsa State that depend on fish as their primary source of protein and 
income, bioaccumulation poses significant health threat (Flourizel et al., 2024). Eating contaminated 
fish may result in neurological damage, cancer and other long-term effects. Scarcity, furthermore, has 
had significant economic consequences arising from the declines in fish catches and destruction of 
marketable fish stock due to contamination that translates into poverty, as well as, food insecurity 
within the region (Bernardo et al., 2022). Fishing and fisheries in Bayelsa State is a key source of 
sustenance and livelihood in the local communities, and holds significant cultural value for the people 
influencing their ways of life (Okwuokenye and Ikoyo-Eweto, 2016). As fish stocks have suffered from 
overfishing and have been further decimated by pollution, commercial fishermen find it harder to 
make a living. Other employment options in the region are scarce, such that, poverty and social 
instability have become more pronounced with time (Elum and Snijder, 2023). Several communities 
have experienced a cultural loss due to the loss of their traditional fishing grounds, enterprises and the 
knowledge passed down through generations.

Spilled oil can be absorbed through the skin or ingested, leading to metabolic harm, physical stress, and 
death. Oil pollution also has substantial implications on human health (Ordinioha and Sawyer, 2010). 
One critical effect on fish is the disruption of the reproductive abilities (Okwuosa et al., 2016). 
Hydrocarbons and heavy metals in the water, for example, might affect hormonal balance and 
reproduction leading to lower fertility or total reproductive failure. Moreover, pollution of spawning 
grounds like mangrove forests and river beds might limit surviving fish larvae, as eggs are poisoned with 
chemical mixtures that may affect their development and viability (Wilcox, 2024). These can move up 
the food chain to affect not only fish but also predatory birds and mammals and man. 

Fishing is the economic backbone of many communities in Bayelsa State. Local fishermen are engaged 
in artisanal, as well as, commercial fishing with the use of small boats and crafts for coastal water 

Many fishing communities around the world struggle against severe economic circumstances that have 
profound implications for fishermen, local markets, and the broader well-being of their citizens:
ss Loss of Income for Fishermen and decreased seafood availability for local markets
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Addressing the adverse economic impacts of fisheries decline in Bayelsa State necessitate solutions 
that incorporate sustainable fishery management, strategies for diversifying the economy 
(aquaculture, eco-tourism and value-added processing initiatives represent potential sources of 
additional income for fishermen) and community empowerment programs (Krupa and Valcic, 2011). 
The enforcement of fishing regulations and the formation of marine protected areas in addition to 
sustainable fisheries management practices are crucial for maintaining fish stock levels while enhancing 
productivity over time (Brown et al., 2019). The world over, governments and industries have 
introduced extensive strategies to deal with the challenges of oil contamination which involve 
regulatory measures, clean-up campaigns (with the use of mechanical or chemical techniques), 
bioremediation, as well as, community participation (Kobayashi, 2023). To facilitate these clean-ups, 

According to Sam et al. (2024), loss of income for fishermen and a reduction in seafood availability 
imply that, the fishing communities in and around the state are much poorer than would otherwise be 
expected. The problem of poverty which comes due to not having enough income to take care of basic 
needs, because fishermen get decreased earnings when catches are landed. Bayelsa State, a region with 
fishing communities that consume more traditional seafood-based diets than other parts of Nigeria, 
levels drop in fish catches and low ability to meet nutritional requirements will result in negative health 
outcomes that can be of particular concern for some sections of the population, such as, children and 
pregnant women. These can intensify social inequalities and consolidate poverty traps into which many 
in the fishing communities in Bayelsa State have already been pushed with no other livelihood choices 
or benefits of any social safety net thus, continuing and increasing the inter-generational poverty trap. 
This economic fragility can interfere with broader development and increase their susceptibility to 
major external blows like financial contractions or environmental calamities.

netting to larger trawlers offshore (Isukul et al., 2023). These threaten the fish stocks, as well as, other 
environmental issues related to overfishing, significantly affecting the capacity of the fisher folks to 
provide for their welfare. The coastal areas around Bayelsa State have been depleted as a result of 
excessive fishing, driven by local demand and foreign markets that pay greater rates (Kinds et al., 
2021). The environmental degradation due to oil spills and waste discharges have generally pushed the 
fisheries to a much lower level (Usiobaifo et al., 2023) as reported in some studies by Ibe (2019), 
Nwankwo (2020) and Akinpelu (2021) amongst others. With damaging effects on fish species, leading 
to diminishing yields for fishermen, lowered income generation potentials with long-term adverse 
effects on the ecosystem, which can make it hard for the recovery of fish populations (Bashir et al., 
2020). Fluctuations in catch sizes and market prices can make all the difference for those whose 
livelihoods depend completely on fishing. This loss of income among the individual fishermen does not 
only have its immediate impacts on their personal welfare but also has general consequences for the 
local economy and community stability (Elisha and Golden, 2022).
The state of the fish markets in Bayelsa State also reflect on what is available to fishermen living within 
this region. Fish and other marine resources have traditionally been vital, staple food sources in the 
subsistence islands, as they provide protein and key nutrients to many inhabitants. However, local 
markets suffer shortages and price fluctuations as fish stocks are depleted or less accessible due to 
overfishing and environmental perturbations (Ephraim-Emmanuel et al., 2023). The prices seafoods 
have thus skyrocketed, disruptng market dynamics and chains of supply, with the risks of financial 
losses due to reduced revenue while affecting low-income homes where fish makes up a greater part of 
total protein intake. Odele et al. (2022), stated that, lack of seafoods may lead the consumer to shift 
towards other alternative protein sources which in turn may influence the cultural dietary behaviours 
and local culinary traditions. These ripple effects go beyond fishermen to affect many aspects of the 
local economy that depend on fishing productivity and stability (Tonbra, 2021).
Increased Poverty and Food Insecurity in Fishing Communities

Mitigating Economic Impacts and Promoting Sustainable Fisheries
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government agencies often collaborate with private industry and non-governmental organizations, 
State and Local Governments, industry representatives and community organizations to help ensure 
comprehensive and effective response. Community involvement is a critical component of this 
strategy for dealing with oil contamination (LASEPA, 2020). Governments have also imposed tough 
regulations to avoid the recurrence of oil contamination cases. These regulations are often established 
upon international conventions, national legislation, and industrial standards with objectives to ensure 
that, oil recovered from the extraction site will be safely transported and processed without leading to 
further environmental pollution (Ampara et al., 2018).

CONCLUSION
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INTRODUCTION
Efforts to alleviate hunger, food insecurity, and various forms of malnutrition have been the subject of 
extensive research (Xie et al., 2021). Despite recent advancements, many nations, particularly in 
developing regions like Sub-Saharan Africa, continue to face significant challenges related to food 
insecurity (Xie et al., 2020). Agriculture, aquaculture, and fisheries are the three major activities that 
play vital roles in food production. Current knowledge reveals that the global stocks of fish and 
shellfish, though renewable, possess finite production limits that cannot be exceeded even with 
optimal management practices. Aquaculture, however, stands out as an effective means of boosting 
fish production, making it a profitable industry with substantial potential (Troell, 2023).
In aquaculture, water quality is crucial for the health and growth of fish populations. The African 
catfish (Clarias gariepinus) is popular in aquaculture due to its capacity to withstand a wide range of 
environmental conditions, thrive in densely stocked conditions, grow rapidly, consume artificial feed, 
reproduce efficiently, and be easily bred artificially, all of which contribute to its high market value 
(Tivkaa and Sampson, 2013). Nigeria, the third-largest producer and consumer of C. gariepinus in 
Africa, benefits significantly from catfish farming, which provides income, employment opportunities, 
and contributes to the GDP (FAO, 2016). However, the high costs of feeding fish in aquaculture have 
prompted numerous efforts to reduce production expenses, with one alternative being the use of 

Keywords:
Aquaculture, 
Clarias gariepinus,
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ABSTRACT
This study assessed and characterized the microbial loads in the 
gastrointestinal tract of Clarias gariepinus juveniles exposed to 
varying concentrations of granulated dry poultry droppings (GDPD). 
A total of 100 juveniles, with a mean weight of 35.5g ± 0.1, were 
procured and stocked in ten 50-liter tanks (60 × 30 × 23.4 cm). The 
experiment, conducted over 56 days, consisted of five treatments 
(T1, T2, T3, T4, T5) in duplicates. T1 served as the control (0 g 
GDPD), while T2, T3, T4, and T5 contained 3 g, 4 g, 5 g, and 6 g of 
GDPD per liters, respectively. After the exposure period, microbial 
analyses of the gastrointestinal tract and spleen revealed significantly 
higher (p < 0.05) total bacterial counts (TBC) and total fungal counts 

8 4
(TFC) in T5 (4.48 × 10  and 5.5 × 10  CFU/ml, respectively) and 

8 4the lowest counts in T2 (1.56 × 10  and 3.5 × 10  CFU/ml). Among 
the isolated bacteria, 88.24% were rod-shaped, with Gram-negative 
bacteria dominating (68.63%). Escherichia coli (31.37%) and 
Bacillus spp. (19.61%) were the most prevalent isolates. The study 
recommends using 3 g of GDPD per liters of water in aquaculture to 
minimize microbial risks to fish and public health.

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

75



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

animal manure as a pond fertilizer.

The study was conducted at the Fisheries and Aquaculture wet laboratory of the Federal University 
Oye Ekiti, Ikole Campus. The experiment utilized one hundred juveniles Clarias gariepinus, each with 
an average weight of 35.5g, procured from a reputable fish farm in Ado Ekiti. These juveniles were 
transported in 15-liter containers filled with clean, oxygenated water and acclimatized for fourteen 
days before the experiment commenced. Fresh poultry manure was collected from a poultry farm in 
Ikole Ekiti, sun-dried to prevent mold growth, and stored in plastic bags at room temperature. The fish 
samples were stocked in experimental tanks with varying concentrations of granulated dry poultry 
droppings at rates of 0 g for T1 (control), 3 g for T2, 4 g for T3, 5 g for T4, and 6 g for T5 per litre of 
water each. Fish were fed commercial diets twice daily while being exposed to the different 
concentrations of poultry droppings, and the experiment lasted for eight weeks.

The application of animal manure in aquaculture has been explored to supplement or replace 
conventional feed, with various types of manure documented for this purpose (Ahuja et al., 2020). 
Studies have shown that different animal manures have varying effects on the populations of 
zooplankton species, which are crucial for fish growth (Minich et al., 2018; Mosha et al., 2016). 
Despite these findings, there is limited research on the microbiological quality of fish exposed to or fed 
with poultry droppings, which has significant implications for public health. This study aims to isolate 
and identify microbial loads in Clarias gariepinus exposed to varying concentrations of dried poultry 
droppings, addressing the potential risks associated with the use of organic manure in aquaculture.

Laboratory analysis included the preparation and sterilization of various media, such as Nutrient Agar, 
Shigella Agar, Eosin Methylene Blue Agar, Manitol Salt Agar, and MacConkey Agar, following 
standardized methods (Debnath, 2024). The equipment and working tables were sterilized to 
maintain aseptic conditions. Fish samples were dissected to collect the gastrointestinal tract and 
spleen, which were then homogenized and subjected to serial dilution. The diluted samples were 
plated on the respective agar media for microbial isolation, and bacterial and fungal colony counts were 
conducted post-incubation. Gram staining was performed to differentiate bacterial cells, and various 
biochemical tests, such as the Citrate Utilization Test, Urease Test, Indole Test, Catalase Test, and 
Sugar Fermentation Test, were employed for bacterial identification.

MATERIALS AND METHODS

Statistical analysis was carried out using one-way analysis of variance (ANOVA), with mean separation 
performed using Duncan's Multiple Range Test to determine the significance of differences between 
treatment groups.
RESULTS AND DISCUSSION
Total Bacterial Counts (TBC) and Total Fungi Counts (TFC)
The results of the bacterial and fungal count carried out on the bacterial and fungal isolates from Clarias 
gariepinus exposed to varying level of dried poultry droppings presents varying concentrations. The 
total bacterial and fungal count (TBC and TFC) showed consistent fungal abundance across 
treatments which was significantly different (p>0.05), implying microbial dynamics presence. The 
mean bacterial and fungal count for Treatment 1 (0g) is 3.4 x 107and 2.0 x 104 CFU/ml; Treatment 2 
(3g/ltr) is 156.0 x 108and 3.5 x 104 CFU/ml; Treatment 3 (4g/ltr) is 3.38.0 x 108 and 4.5 x 104 
CFU/ml; Treatment 4 (5g/ltr) is 4.48 x 108 and 5.5 x 104 CFU/ml, Treatment 5 (6g/ltr) is 5.08 x 108 
and 7.5 x 104 CFU/ml. Treatment 5 (6g/ltr) had the highest bacterial and fungal count. This agrees 
with the work of Omojowo and Omojola (2013), who observed higher microbial load in ponds treated 
with raw untreated poultry waste. The bacterial and fungal loads isolated from treatment 1 with 0g/ltr 
of poultry droppings may be attributed to uneaten feed waste which is broken down and serve as 
substrate for microbes. This assertion is supported by Ogbondeminu (1993).
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Seven (7) bacteria were isolated in all samples with varying frequencies of occurrence, the majority of 
bacteria exhibited a rod-shaped or bacilli-shaped morphology (93.33%), with a dominance of Gram-
negative bacteria (76.67%). In terms of isolated bacteria organisms, the majority of bacteria exhibited a 
rod-shaped morphology (93.33%), with a dominance of Gram-negative bacteria (76.67%). However, 
there is high prevalence of gram negative (68.63%) over gram positive bacteria observed. This is in 
accordance with the work of AlHarbi and Uddin (2010), where the prevalence of gram-negative rods 
bacterial accounting for 75% of the total isolated strains was reported in catfish cultured in Saudi 
Arabia. These groups of fish are therefore more susceptible to pathogenic infections (Ampofo and 
Clerk, 2010). The occurrence of Escherichia coli, Bacillus sp., Salmonella sp., and Staphylococcus 
saprophyticus and Klebsiella sp. were more abundant in the gastrointestinal tract of Clarias gariepinus 
exposed to dried poultry droppings especially the one with high concentration of poultry droppings 
(5g/ltr and 6g/ltr). Some of the bacteria identified have been implicated in causing a wide range of 
infectious diseases such as ophthalamitis, ear infections, meningitis, wound and food borne infections 
(Ajani, et al., 2016). In human, when loads are beyond tolerable ranges. S. saprophyticus has been 
demonstrated to cause urinary tract infections (UTIs) in women, while Salmonella sp. has been 
reported to cause enteritis and systematic disease (Shinkafi and Ukwaja, 2010). This study has 
revealed increased occurrence of bacterial and fungal count as the concentration of poultry droppings 
increase across the treatments. Therefore, there is the need to consciously regulate the application of 
poultry manure in fish ponds despite its numerous advantages, such that fish health and public health 
will not be compromised.

Gram staining/biochemical test on bacterial Isolates

Table 1: Total Bacterial Count in the gastrointestinal tract of Clarias gariepinus exposed to varied concentrations 

dried poultry droppings

Treatment
(g/ltr)

Count (cfu/ml) Mean

0 3.4 x 107a
34.0±1.0a

3 156.0 x 108a
156.0±3.0a

4 3.38.0 x 108b
337.0±17.5b

5 4.48 x 108 bc 444.0±43.0bc

6 5.08 x 108c 508.0±89.5c

Cfu/ml:  Colony forming unit per milliliter

Values in each row having the same superscript are not significantly different (P>0.05).

Table 2: Total Fungi Counts in the gastrointestinal tract of Clarias gariepinus exposed to varied concentrations dried
poultry droppings

Treatment
(g/ltr)

Count (cfu/ml) Mean

0 2.0 x 104a 2.0±0.0 a

3 3.5 x 104ac 3.5±0.5ab

4 4.5 x 104bc 4.5±0.5bc

5 5.5 x 104c 5.5±0.5c

6 7.5 x 104d 7.5±0.5d

Cfu/ml:  Colony forming unit per milliliter

Values in each row having the same superscript are not significantly different (P>0.
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INTRODUCTION

African oil bean (P. macrophylla) is a leguminous tree native to West Africa, and its seeds have been 
traditionally used for culinary purposes in various forms, such as soups and sauces. It is used in 
preparation of “Ugba” in Igbo land. The seeds are rich in protein, oil, and essential nutrients, making 

Catfish (C. gariepinus) is commonly cultured in Nigeria due to its high growth rate, high consumer 
acceptability and high resistance to poor water quality (Adene et al., 2017). Nutritional value of fish 
depends on their biochemical composition, which is affected by water pollution (Prado et al., 2009). 
Catfish is very important to human due to its very high-quality protein as well as the essential amino 
acids required by the body for growth and maintenance of muscle tissue.

ABSTRACT 
African oil bean (Pentaclethra macrophylla) seed contains bioactive 
compounds such as alkaloids, tannins, and saponins, which may leach 
into aquatic ecosystems through runoff or direct disposal and these 
compounds can potentially cause health risk to aquatic organisms. The 
effect of P. macrophylla seed powder at different concentrations on 
behavioural and haematological parameters of C. gariepinus juveniles 
was examined under proper laboratory conditions. The acute toxicity 
bioassay was conducted for 96 h on juveniles C. gariepinus subjected 
to six different treatments in triplicates; control (0.0), 0.40 mg/l, 0.50 
mg/l, 0.6 mg/l, 0.7 mg/l and 0.8 mg/l) to determine the effect of this 
potential toxicant on the blood of exposed fish. Behavioural reactions 
such as loss of reflex, barbel deformation, erratic swimming and air 
gulping was observed in the fish during exposure. The result for 
haematogical indices showed a significant increase (P<0.05) in PCV 
(19.49±0.00 - 27.99±0.00 %), RBC (1.00±0.11 -1.40±0.05 
x1012cell/µl), MCH (67.38±6.81-88.19±00.40 pg/cell), Hb 
(6.50±0.11-9.34±0.20 g/dl), MCV (202.09±20.43-264.59±1.21 
fl/cell) and decrease in WBC (1.30±0.23-0.60±0.00 x103cell/µl), 
granulocyte (0.54±0.14-0.15±0.02 cell/µl) and Lymphocyte 
(0.75±0.08-0.44±0.05 cell/µl) when compared with control. These 
observations indicate an unusual enlargement of the red blood cell 
(macrocytosis) of the fish, inhibiting the free movement of oxygen 
through their blood vessels and decline in the immunity after exposure 
to P. macrophylla seed powder. It is evident from the result that P. 
macrophylla seed can cause damage to the health of fish due to 
bioaccumulation, hence should be avoided at all cost in close 
proximity to the aquatic environment. 

Keywords:
Toxicity, Environment,
Haematology, Behaviour,
Clarias gariepinus
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Toxicant Preparation: African Oil bean (P. macrophylla) seed fruits were collected from different 
locations within Akungba Akoko. The seeds obtained from their pods were spread on a platform and 
air-dried. The dried seeds were pulverized into fine powder using a mechanical blender and stored in 
well tight container before use. 

Statistical Analysis: The obtained data on fish hematological parameters was subjected to One-way 
analysis of variance (ANOVA) using Statistical Package for Social Sciences (SPSS). Significant 
differences in the means were tested and separated at 5% probability level using Duncan Multiple 
Range test.

them an important food resource in many Nigerian communities (Ikegwuonu et al., 2014). Previous 
studies have suggested that the consumption of untreated or inadequately processed P. macrophylla 
seeds may lead to adverse health effects in humans, such as vomiting and diarrhoea, due to the presence 
of toxic compounds and phytochemicals like saponin, terpenoids, anthraquinones and 
cardiacglycosides (Okwu and Ekeke, 2003). These compounds may leach into aquatic ecosystems 
through runoff or direct disposal and can potentially accumulate in water bodies leading to 
environmental contamination and adversely affecting aquatic organisms, including fish.

MATERIALS AND METHODS
Description of Study Area: The experiment was carried out in the Central Laboratory of Fisheries and 
Aquaculture Department, Faculty of Agriculture, Adekunle Ajasin University Akungba-Akoko, Ondo State.

Blood Collection and Analysis: About 3ml of blood was collected into 5ml sample bottle treated with 
anticoagulant, Ethylene Diamine Tetraacetic Acid (EDTA) from the experimented fish through the 
vertebral caudal blood vessel with the help of disposable hypodermic syringe and needle of 5ml after 
96hrs of exposure and was transferred to refrigerator for subsequent analysis. 

Range and Definitive test: Preliminary 24hrs range finding test was conducted to determine the 
toxicity range of African oil bean seed to be used. Based on the results from the range finding test, a 
96hrs definitive test was carried out with six test solution of African oil bean seed powder (0.0, 0.4, 
0.5, 0.6, 0.7, and 0.8 mg/L) introduced directly into a set of 18 rectangular plastic tanks, each filled 
with 30L of unchlorinated water containing batches of ten juvenile C. gariepinus. The behavioural 
pattern and mortality of the test fish in each tank were monitored and recorded for the first 4hours, 
12hours, 24hours, 48hours, 72hours and 96hours. Dead fish was removed immediately with scoop net 
to avoid contamination due to rotting.

Haematology is of ecological and physiological interest in helping to understand the relationship of 
blood characteristics to the environment (Ovuru and Ekweozor, 2004) and so could be useful in 
diagnosis of many diseases as well as investigation of the extent of damage to blood (Isaac et al., 2013). 
Hematological parameters, such as red blood cell count (RBC), hemoglobin concentration (Hb), 
hematocrit (Hct), and white blood cell count (WBC), are essential indicators of fish health and can 
provide insights into the impact of toxins on their physiological status (Kori-Siakpere et al., 2010).

Experimental Design: Eighteen (18) rectangular plastic tanks of 50 litres capacity were used with each 
tank filled with 30 litres of unchlorinated water during the experiment. A total of one hundred and 
eighty (180) apparently healthy C. gariepinus juveniles of 6.5-11cm length, weighing 14.5-18g were 
purchased at Akure and transported with an open plastic keg to the experimental laboratory. The 
health status of selected fish was assessed based on the presence or absence of physical appearance 
(injuries) and other morphological deformities. The fish were certified healthy by assessment and were 
acclimatized under laboratory conditions for two weeks (14 days) prior to the commencement of the 
experiment. During the acclimatization period, the fish were fed with coppen commercial feed. 
Feeding was discontinued 24 h before distribution of fish into six (6) treatments at the rate of Ten (10) 
fish per tank in triplicate and covered with netting materials to prevent jumping out of the water. 
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The result for haematogical indices showed significant increase (P<0.05) in PCV, RBC, MCH, Hb, 
MCV and decrease in WBC, granulocyte, Lymphocyte when compared with the control after 
exposure of juvenile C. gariepinus to P. macrophylla seed powder as presented in Table 1. The highest 
PCV (27.99 + 0.00 %) was found in the group with the highest concentration T6 (0.8 mg/l) and least 
(20.49 ±0.00 %) at T5 (0.7 mg/l), there was significant (P<0.05) increase with increase in 
concentration. The PCV increase in this study could be traceable to dehydration of the fish when 
subjected to the toxicant at different concentrations as it agrees with the observation of Riaz-ul-Haq et 
al. (2018) on the exposure of freshwater fish Labeo rohita to Diafenthiuron and the report of Amaeze 
et. al., (2020). The trend is also similar to the work of Adene et al., (2017) on acute toxicity of Jatropha 
curcas seed powder on adult C. gariepinus. The RBC decreased and then increased with increase in 
concentration of P. macrophylla powder with the highest value (1.40 ± 0.05 x1012cell/µl) in 
Treatment 6 (0.8 mg/l) while the least value (0.85 ± 0.02 x1012cell/µl) was recorded in T2 (0.4 
mg/L). The increase in RBC may be as a result of the blood cell reserve in combination with cell 
shrinkage which is due to blood osmotic alteration from the activities of the toxicant (Singh and 
Srivastava, 2010). There was no significant difference (p>0.05) in the value of MCHC activity after 
96h of exposure. The MCV value were highest (264.59 ± 1.21 fl/cell) in T2 (0.4 mg/L) while the least 
value (170.84 ± 2.39 fl/cell) was recorded in T5 (0.7 mg/l). Hemoglobin (Hb) was recorded highest 
(9.34 ± 0.20 g/dl) in T6 (0.8 mg/l) and least (6.84 ± 0.05 g/dl) in T5 (0.7 mg/l). The increase in Hb 
can result into a condition in which there is an increase in the capacity of the blood to transport Oxygen 
carrying tissues. The white blood cell (WBC) has the highest value (1.10 ±0.05 x103cell/µl) at T6 (0.8 
mg/l) and lowest (0.60 ±0.00 x103cell/µl) in T3 (0.5 mg/l). The observed decrease in WBC as 
observed with increased concentration could be responsible for the death of the exposed fish because 
decrease in WBC result in less resistance to fight the unwanted substance in the environment. The 
observed changes in WBC are similar to what was observed by Amaeze et al., (2020) when C. 
gariepinus was exposed to Chlorpyrifos and it could also be a mechanism of resistance to prevalent 
unwanted change and adaptation to the environment. Lymphocyte is also highest (0.78 ±0.20 cell/µl) 
in T6 (0.8 mg/l) and least (0.44 ± 0.05 cell/µl) in T3 (0.5 mg/l) and T4 (0.6 mg/l) with significant 
difference (p<0.05) in all the treatment when compared with the control. Behavioural alterations 
displayed by C. gariepinus exposed to different concentration of P. macrophylla African oil bean 
includes; loss of reflex, air gulping, erratic swimming and Barbel deformation which are due to 
termination of impulse transmission by rapid hydrolysis of the neurotransmitter acetylcholine in 
numerous cholinergic pathways at the central and peripheral nervous system.

RESULTS AND DISCUSSION

Table 1: Haematological parameters of C. gariepinus exposed to Pentaclethra macrophylla
seed powder 

Parameters(mg/l) T1(0.0) T2(0.4) T3(0.5) T4(0.6) T5(0/7) T6(0.8)

PCV (%) 19.49 ±0.00a 22.48 ±0.01b 21.48 ±0.01ab 25.49 ±0.00c 20.49 ±0.00ab 27.99 ±00.00d

RBC(x1012cell/µl) 1.00 ±0.11ab 0.85 ±0.02a 0.95 ±0.02a 1.15 ±0.02bc 1.20 ±0.00c 1.40 ±0.05d

MCHC (g/dl) 33.25 ±0.10a 33.33 ±0.00a 33.48 ±0.00a 33.33 ±0.00a 33.41 ±0.85a 33.38 ±0.55a

MCV (fl/cell) 202.09±20.43ab 264.59±1.21c 226.10±2.25b 221.59±1.96b 170.84±2.39a 201.54±12.44ab

Hb (g/dl) 6.50 ±0.11a 7.50 ±0.28b 7.18 ±0.28ab 8.50 ±0.28c 6.84 ±0.86ab 9.34 ±0.20d

WBC (x1012cell/µl) 1.30 ±0.23c 0.95 ±0.14abc 0.60 ±0.00a 0.65 ±0.08a 0.85 ±0.02ab 1.10 ±0.05bc

Granulocytes
(cell/µl)

0.54 ±0.14b 0.35 ±0.08ab 0.15 ±0.02a 0.20 ±0.05a 0.25 ±0.02a 0.31 ±0.05ab

Lymphocytes
(cell/µl)

0.75 ±0.08b 0.59 ±0.05ab 0.44 ±0.05a 0.44 ±0.05a 0.59 ±0.00ab 0.78 ±0.20b

MCH (pg/cell) 67.38 ±6.81ab 88.19 ±0.40c 75.39 ±0.75b 73.85 ±0.66b 56.94 ±0.77a 67.19±4.15ab
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Table 2: Behvioural responses of C. gariepinus exposed to oil bean seed powder, P. macrophylla

Mean values on the same row carrying similar superscripts are not significantly different (p>0.05).  
PCV, Packed cell volume; RBC, red blood cell; MCHC, mean corpuscular hemoglobin concentration; 
MCV, mean corpuscular volume; Hb, hemoglobin; WBC, white blood cell; MCH, mean corpuscular 
hemoglobin.
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 24 hours 48 hours 72  hours 96  hours

Behaviour  T1   T2   T3   T4  T5 T6 T1   T2   T3   T4  T5   T6 T1   T2   T3   T4  T5   T6 T1   T2   T3   T4 T5   T6

Colouration

Air gulping

Barbell deformation

Erratic swimming

Loss of reflex

- - +   +    +     +   

- +    +     +      +    +

- - - - +     +

- - - +     +     +

- - - +    +    +

- +      +     +       +      +

- +      +     +       +      +

- +      +     +       +      +

- +      +     +      +       +

- +      +     +      +       +

- +       +      +       +   +

- +       +      +       +     +   

- +       +      +       +     +

- +       +      +       +     +

- +       +      +       +     +

- +     +      +      +        +

- +      +       +       +     +

- +      +      +       +     +

- +     +        +       +     +

- +      +       +       +     +
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The sub-lethal concentrations of P. macrophylla powder on juveniles C. gariepinus caused alterations in 
haematological parameters; Hb, RBC, WBC, PVC, MCH, MVC and MCHC of the fish causing a range of 
defects and health conditions like anaemia as evidently observed in decreased white blood cells of the fish. 
Blood is very important in the life of organisms, so the impact of P. macrophylla powder on the blood 
characteristics posed an adverse damage to the health of the exposed fish. Hence the P. macrophylla 
seed should be avoided in any area where fish are cultured. The information of this work can be used as 
a baseline for toxicity of P. macrophylla in an aquatic environment.

CONCLUSION
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INTRODUCTION 

Two hundred healthy juveniles of African catfish species, Clarias gariepinus with 6.9 ± 0.2 g weight 
were procured and their morphometric data taken. Fish were acclimatized for two weeks during which 
they were fed with dried commercial fish food containing 40% crude protein at 5% of body weight 
twice daily. Thirty pieces of the fish were then randomly selected for the range finding test to 
determine the concentration at which 50% was killed (LC50) in 96 hours (Finey, 1982). Definitive test 
was then carried out in triplicate immediately after in which ten fish per tank were randomly 

MATERIALS AND METHODS

Aquatic creatures such as fish have been reported to have had their habitat prone to contamination by 
series of human activities such as agriculture, domestic washing among others. Detergent from 
domestic washing has been identified as one of the contaminants of aquatic environments (Nagtode et 
al., 2023). Most detergents contain surfactants organic compounds that combine hydrophilic and 
hydrophobic groups in one molecule (Isyaku and Solomon 2016). Detergents in water negatively 
impacts water quality parameters, ultimately leading to deterioration in organ health of aquatic 
animals (Paul et al., 2022). According to El-SiKaily and Shabaka, (2024) physiological changes in fish 
serve as biomarkers of environmental pollution and are frequently employed to assess the health of 
aquatic ecosystems. Uncontrolled release and mishandling of chemicals like herbicides, pesticides, and 
heavy metal-containing detergents in natural waterways negatively affect fish and aquatic life, with 
potential long-term environmental consequences (Alengebawy et al., 2021). Toxicants provoke 
hematological responses and tissue damage, particularly in the gills, liver, heart, kidney, and epidermis 
of animals. This study investigates the effect of detergents on the histology some organs of C. 
gariepinus.
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ABSTRACT
Detergent toxicity to catfish Clarias gariepinus was investigated with 
the objective to measure its impact on the histology of some internal 
organs. One hundred and twenty Clarias gariepinus juveniles with the 
average weight of 6.9 ± 0.2 g were randomly distributed into four 
treatments at ten fish per tank and each treatment was replicated 
thrice. 0.00g/l (control [T1]), 0.15g/l (Treatment [T2]), 0.30g/l 
(Treatment [T3]) and 0.45g/l (Treatment [T4]) of detergent was 
added to each tank and observed for 72 hours. Histology assessments 
was carried out. The analysis of gill and liver histology revealed 
anomalies such as hyperplasia, hemorrhaging, fusion of lamellae, and 
distortion of issues. The study confirmed that Clarias gariepinus 
exposure to detergent led to gills, liver, intestine and tissue damage. 
The research underscores the negative effects of detergents to aquatic 
life and the ecosystem necessitating mitigation strategies. 

Keywords:
Detergent, Histology, 
internal organs
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distributed into four different concentrations - 0.00g (control), 0.15g (T2), 0.30g (T3) and 0.45g (T4) 
of the detergent containing linear alkyl benzenesulfonate were used and observed for 72h. Some of the 
internal organs were thereafter collected and examined for possible histology change(s) using methods 
described by Luna, 1968.

CONCLUSION

Histopathological changes observed in the organs are presented in Plates 1 to 12. A wide range of 
histological changes were observed in the key organs studied. The lamellae of the gills in treatments 2 
and 3 suffered incomplete and complete fusion respectively (Plates 2 and 3) while there was 
thickening of the epithelium of the filament and degeneration of the chondrocyte in treatment 4 (Plate 
4). The liver suffered distortion in its architecture in all treatments (Plates 6 - 8) except for the control 
(Plate 5) and there was congestion in the liver of treatment 4 (Plate 8) in addition to the distortion. 
There was no significant change in the intestine of fish in T1 (Plate 9) and T2 (Plate 10) but the fish in 
T3 (Plate 11) and T4 (Plate 12) suffered both edema and degeneration of lamina propia and 
submucosa layer respectively.  

RESULTS AND DISCUSSION

The result obtained in the present study confirms the findings of Ogundiran et al., (2009) that 
exposure of C. gariepinus to even low concentrations of soap and detergent effluents is enough to 
induce various toxicological effects in terms of histological degradations in gill structures while Xia et 
al. (2021) reported that degeneration of gill cells lead to a loss of cartilage integrity, affecting the 
structure and function of the gills and potentially causing problems with mobility or respiration as 
observed in this study. Studies by other workers have also shown that the liver experiences 
morphological changes under specific hazardous situations (Farrher et al., 2021, Xia et al., 2021, 
Agbohessi et al., 2023).  According to (Gabella, 2019), the degeneration of the lamina propria can 
compromise the structural integrity of the intestinal wall, affect nutrient absorption, and impair the 
fish's overall digestive function. 

The result obtained from this study underscores the harm caused by pollutants such as detergent to 
physiological processes in fish. The implications of these effects extend beyond individual organisms, 
affecting entire food webs, nutrient cycling and ecosystem services. This calls for urgent action by the 
relevant authorities in order to salvage threat imposed by constant and indiscriminate discharge of 
effluents from homes, commercial centers such as car wash and other anthropogenic sources.

Plate. 1: T1 with normal gill filament,
rakers, and no necrosis.

Plate.2: T2 with hyperplasia (C),
incomplete (arrow) and complete
(arrowhead) fusion of several lamellae
complete fusion of several lamellae
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Plate. 3: T3 with hyperplasia (C),
incomplete (arrow) and complete
(arrowhead) fusion of several lamellae
complete fusion of several lamellae

Plate. 4:  T4 with hyperplasia (C),
hypertrophy (D), thickened epithelium
of filament and degeneration of 
chondrocyte (E)

Plate. 5:  T1 with normal
histo-architecture of liver.

Plate. 6: T2 with distortion in
histo-architecture and dilated
blood vessel [star]

Plate. 7: T3 with mild distortion
in liver histoarchitecture.

Plate. 8: T4severe distortion in
histoarchitecture and congestion (A)

Plate. 9: showing normal
histoarchitecture.

Plate. 10: T2 showing normal
histoarchitecture

Plate. 11: T3 with muscularis edema (A)
and degeneration of lamina propia [C].) 

Plate. 12: Intestine with muscularis
edema (A) and degeneration of
submucosa layer (star)
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INTRODUCTION 

 Ginger, Zingiber officinalis, is a perennial herbaceous plant. Ginger is an important plant with several 
medicinal, ethno medicinal and nutritional values. The intensification of aquaculture practices has led 
to an increased use of synthetic chemicals and substances, some of which may have toxic effects on 
cultured fish and the surrounding aquatic environment. The exploration of plant-based materials, such 
as ginger leaves, as potential alternatives to synthetic chemicals in aquaculture has gained interest due 

Aquatic ecosystems worldwide are continually exposed to a variety of pollutants, including chemical 
compounds from agricultural, and domestic sources. These pollutants can have detrimental effects on 
aquatic organisms, leading to disruptions in the delicate balance of the ecosystems. One such pollutant 
of concern is ginger leaf, which contains a complex mixture of compounds, including nicotine, 
alkaloids, and other toxic constituents. The impact of tobacco leaf on aquatic organisms, particularly 
fish, has become a subject of growing interest due to the potential threat it poses to aquatic biodiversity 
and ecosystem health (Ballantyne and Mars, 2017).
Ginger (Zingiber officinale) belongs to Zingiberaceae family. The used part of the plant is rhizome. 
This plant produces an orchid like flower with greenish yellow petals streaked with purple color. 
Ginger is cultivated in areas characterized by abundant rainfall. Even though it is native to southern 
Asia, ginger is also cultivated in tropical areas such as Jamaica, China, Nigeria and Haiti and it is an 
important spice crop in India (Akintobi, et al., 2013).
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This study was carried out to determine the toxicity and behavioral 
response of Clarias gariepinus to ginger leaves powder. The range-
finding test was repeated twice to obtain credible results that could be 
used in the ultimate test. The toxicant (ginger leaves powder) was 
introduced at varying concentrations of 10mg, 12mg, 14mg, 16mg, 
and 18mg in the first range-finding test; however, in the definitive test, 
the toxicant was introduced at varying concentrations of 7.5mg, 9mg, 
10.50mg, 12mg and 13.5mg per litre of water (mg/l). From the 
definitive test, the Median Lethal Concentration of ginger leaves 
powder to Clarias gariepinus was found to be 9.25 mg/l. According to 
the study, juvenile Clarias gariepinus showed rapid opercular 
movement, skin darkening, lack of reflex, and initially erratic 
movement. Furthermore, the results show that ginger concentration 
of upto 9.25mg/l is tolerable to Clarias gariepinus juveniles. The water 
quality data were evaluated using one way Analysis of Variance 
(ANOVA). As a result, the study suggests that ginger leaves powder is 
hazardous to Clarias gariepinus juveniles.

ABSTRACT

Keywords:
Acute Toxicity, Lethal 
concentration, behavioural 
response, Clarias gariepinus
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Source and Preparation of Ginger leaves

Definitive Test

MATERIALS AND METHODS

to their perceived lower toxicity and more environmentally friendly nature.  The indiscriminate use of 
plant-based extracts, including ginger leaf, in aquaculture can have unintended consequences on the 
health and growth of the cultured fish species. It is essential to investigate the acute toxicity and effects 
of ginger leaf on Clarias gariepinus juveniles to ensure the safe and sustainable use of this potential 
aquaculture remedy. Fish are frequently utilized as sentinel organisms in ecotoxicological research 
because they perform a variety of roles in the food chain, collect toxic compounds, and respond to low 
mutagen quantities (Cavas and Ergene-Gözükara, 2005). As a result, the use of fish biomarkers as 
indices of the impacts of pollution is increasingly important and can facilitate early diagnosis of aquatic 
environmental problems (Baser et al., 2003). Acute toxicity experiments help to understand the 
limiting effects of various substances on organisms (Baser et al., 2003; Svobodova et al., 2003).

 Experimental fish

The Experimental Site
The experiment took place in the Fish Hatchery Laboratory of Bayero University's Department of 
Fisheries and Aquaculture in Kano, Nigeria. 

One hundred and Eighty (180) of C. gariepinus (mean weight, 18.36 ± 0.3g and mean length of 
12.42±0.3cm) juveniles used for the study, were purchased from a reputable fish farm in Kano, Kano State.

Fresh samples of ginger leaves plant were taken from Zango Kataf Local Government Area of Kaduna 
State. The samples were set to air dry for four days before being pounded into a fine powder in a sterile 
laboratory mortar and pestle. Material was sieved using a mesh size of 0.2m and stored in air tight wide 
mouth bottle for analysis. 500g of each stored sample was dissolved in 2 litres each of distilled water at 
room temperature (27 ± 0.30for 24 hours (Omoregie and Onuogwu, 2015). Afterwards, a vacuum 
pump was used to decant and filter the settling aqueous component via Whitman filter paper. To 
prepare them for usage, the filtrates were freeze-dried and kept in a refrigerator at 100°C.
Experimental Design
The experiment was conducted using a completely randomized approach. Eighteen (18) plastics tanks, 
each measuring 60 cm by 40 cm by 40 cm, were utilized. After a thorough cleaning, 20 liters of water 
were added to the well-labeled plastic tanks. Ten fish were weighed and randomly allocated each tank. 
Treatments were replicated thrice.
Range finding test
In the course of the range finding test, ten C. gariepinus juveniles were individually weighed using a 
sensitive electronic weighing scale (Mettler Toledo FB602) and stocked into the eighteen tanks that 
were filled with twenty litres of tap water. The ginger leaves powder weighing 0, 10mg, 12mg, 14mg, 
16mg and 18mg were used per litre of water. The LC50 of ginger leaves powder was found when test 
fish were exposed to the plant for 96 hours. The fish's reaction to mild stimuli was utilized as an index 
of toxicity, and their inability to react to touch was used as an index of death.

Statistical Analysis
Minitab 20 was used to analyze data and compile statistics on the water quality parameter. The mean 

Results from range finding tests offered advice for the concentration level to be used in definitive test. 
Eighteen (18) plastic tanks were filled, each holding twenty litres of water, in order to conduct the final 
test. The amounts of ginger leaves powder utilized were 0, 7.5mg, 9mg, 10.50mg, 12mg and 13.5mg 
per liter of water (mg/l). The sensitive weighing balance was used to prepare the various 
concentrations. The fish's non-reaction ginger leaves powder was judged to be fatal to 50% of the test 
organism after 96 hours of exposure, whereas the fish's response to mild stimuli was employed as an 
indication of toxicity. 
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RESULTS AND DISCUSSION

Table 1:  Mortality of Clarias gariepinus juveniles exposed to ginger leaves over the 96-hr period

Fish is an important indicator of water pollution as it remains in direct water for food and oxygen and 
thus is highly susceptible to any change in aquatic environment. Table 1 displays the mortality of 
Clarias gariepinus juveniles exposed to ginger leaves powder over the 96-hr period.

lethal concentration (LC50) for 96 hours was calculated using probit analysis (Finney, 1971). 
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Treatments/

Concentration 

(mg/L)

Log

Concentration

Number 

Stocked

Mortality Probit

12 

hrs

24 

hrs

48 

hrs

72 

hrs

96 

hrs

Total % 

T0 (Control, 0) 0 30 0 0 0 0 0 0 0 0

T1 (7.5) 0.88 30 0 1 3 3 2 9 30.00 3.59

T2 (9.0) 0.95 30 0 1 5 3 3 12 40.00 3.82

T3 (10.5) 1.02 30 3 4 5 4 3 19 63.33 4.12

T4 (12.0) 1.07 30 7 5 5 6 3 27 90.00 4.67

T5 (13.5) 1.13 30 12 7 5 3 2 29 96.67 4.46

It was observed that the mortality recorded in this investigation increased with increase in the 
concentration of toxicant. The first death was noticed 96 minutes after the introduction of toxicant in 
the bowl with the highes ginger concentration. This is in conformity with Isiyaku et al. (2021) who 
reported the first death in 93 minutes after introduction of tamarind seed husk powder to Clarias 
gariepinus in acute concentration. Olaifa et al., (2004) reported the first death three hours after the 
introduction of toxicant in the exposure of Clarias gariepinus to lethal and sub lethal concentration of 
copper. Datta and Kaviraj (2002), Fafioye et al. (2004) and Okomoda et al. (2010) recorded the first 
death 36 hours after the exposure to acute toxicity treatment of Clarias gariepinus with synthetic 
pyrethyroid Deltamethrin, Raphia vinifera extracts and formalin respectively. The LC50 found in this 
investigation is 9.25 mg/l similar to that of Fafioye et al. (2004) when Clarias gariepinus was exposed 
to acute concentration of Parkia biglobosa. Ayuba et al. (2012) reported LC50 of 0.20mg/l when 
Clarias gariepinus was exposed to Datura innoxia. 

Fig 1: Linear relationship between
mean probit mortality and log
concentration of Clarias gariepinus
exposed to various concentrations of 
ginger leaves powder for 96 hrs
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Studies have revealed that organisms exposed to toxicants or chemicals usually exhibit changes in 
erratic sudden jerky swimming movements, hyperactivities and different behavioural activities as 
shown in this experiments which demonstrated to be a sensitive indicator of physiological stress in fish 
subjected to chronic concentrations of pollutants (Isiyaku et al., 2022). Several abnormal behaviours 
observed with fish exposed to various concentration of ginger leaves powder in this study were 
excessive gulping for air, erratic swimming behaviour, restlessness, loss of equilibrium, fin and barbell 
deformation, skin haemorrhage, discolouration and finally death agreed with Omitoyin et al., (2006), 
this also agrees with reports of Bobmanuel et al. (2006) who stated that “behavioural response of fish to 
toxicants and different reaction time are due to the effect of chemicals, their concentrations, species, 
size and specific environmental conditions”.

Table 2: Behavioral changes in Clarias gariepinus juveniles after 96-hour exposure at different 
concentrations of ginger leaves powder

Behaviors Concentration (mg/L) 

0.00 7.5 9.0 10.5 12 13.5

Air gulping - - + + +            

Barbel deformation - - - - - -

Discoloration - - + + +    +

Erratic swimming - - + + + +

Jumping - - + + + +

Fin deformation - - + + + +

Akintobi, O. A., Onoh, C. C., Ogele, J. O., Idowu, A. A., Ojo, O. V., and Okonko, I. O. (2013). Antimicrobial 
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The degree of contamination in aquatic environment is frequently assessed by comparing contaminant 
concentration in associated biota (Yang and Chen, 1996). Since bioconcentration of compounds have 
been determined in the environment, it has been observed that there are many quantitative 
relationships between structure and biological activity of chemicals established in aquatic system. In 
aquatic pollution, organs such as the gills and liver have been identified as the storage sites in C. 
gariepinus (Gbem et al., 2001). However, the main sites of these plants uptake and accumulation are 
the gills and gastrointestinal tracts (Annume and Iyaniwura, 1993).

INTRODUCTION 

Ginger (Zingiber officinale) belongs to Zingiberaceae family. The used part of the plant is rhizome. 
This plant produces an orchid like flower with greenish yellow petals streaked with purple color. 
Ginger is cultivated in areas characterized by abundant rainfall. Even though it is native to southern 
Asia, ginger is also cultivated in tropical areas such as Jamaica, China, Nigeria and Haiti and it is an 
important spice crop in India (Akintobi, et al., 2013). Ginger, Zingiber officinalis, is a perennial 
herbaceous plant that is a part of the Zingiberaceae family. Ginger is an important plant with several 
medicinal, ethno medicinal and nutritional values.
Clarias gariepinus, an omnivore freshwater fish is a popular delicacy relished throughout tropical 
Africa. It is a prominent culture species because of its hardiness and fast growth rate. This paper is 
aimed at determining the gills and liver responses of C. gariepinus to sub lethal concentrations of lead 
which provide an early warning of potential problems.

ABSTRACT
The release of plant material into the aquatic environment causes 
water pollution problems because of their toxicity, persistence and 
bio-accumulation. An investigation on the effect of the plant material, 
ginger leaf, on Fresh water fish Clarias gariepinus was carried out in the 
laboratory. Fish weighing 18.36 ± 0.3g and 12.42±0.3cm length, were 
exposed to acute concentrations (derived, based on acute toxicity 
tests) of ginger leaf powder at 0, 7.5mg, 9mg, 10.50mg, 12mg and 
13.5mg per liter of water (mg/l) for 4 days. During this period fishes 
were fed with artificially prepared feed. On the 1st, 2nd, 3rd and 4th 
days fishes were taken out, sacrificed and the tissues of gill and liver 
were excised out. The total autopsy was completed in less than 4 mins. 
The result showed that the degree of distortion of the gill and liver was 
proportional to the exposure period and concentration of the metals 
was found to be dose and time dependent.

Keywords:
Acute Toxicity,
Lethal concentration,
histology, ginger leaf,
Clarias gariepinus
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Experimental Design

In the course of the range finding test, ten C. gariepinus juveniles were individually weighed using a 
sensitive electronic weighing scale (Mettler Toledo FB602) and stocked into the eighteen tanks that 
were filled with twenty litres of tap water. The ginger leaves powder weighing 0, 10mg, 12mg, 14mg, 
16mg and 18mg were used per litre of water. The LC50 of ginger leaves powder was found when test 
fish were exposed to the plant for 96 hours. The fish's reaction to mild stimuli was utilized as an index 
of toxicity, and their inability to react to touch was used as an index of death.

Results from range finding tests offered advice for the concentration level to be used in definitive test. 
We filled eighteen (18) plastic tanks, each holding twenty litres of water, in order to conduct the final 
test. The amounts of ginger leaves powder utilized were 0, 7.5mg, 9mg, 10.50mg, 12mg and 13.5mg 
per liter of water (mg/l). The sensitive weighing balance was used to prepare the various 
concentrations. The fish's non-reaction ginger leaves powder was judged to be fatal to 50% of the test 
organism after 96 hours of exposure, whereas the fish's response to mild stimuli was employed as an 
indication of toxicity. 

Experimental fish 

Minitab 20 was used to analyze data and compile statistics on the water quality parameter. The mean 
lethal concentration (LC50) for 96 hours was calculated using probit analysis (Finney, 1971). 

One hundred and Eighty (180) of C. gariepinus (mean weight, 18.36 ± 0.3g and mean length of 
12.42±0.3cm juveniles were used for the study, fish were purchased from a reputable fish farm in 
Kano, Kano State.

The Experimental Site
The experiment took place in the Fish Hatchery Laboratory of Bayero University's Department of 
Fisheries and Aquaculture in Kano, Nigeria. 

MATERIALS AND METHODS

Fresh samples of ginger leaves plant were taken from Zango Kataf Local Government Area of Kaduna 
State. The sample were separated into many component with special emphasis on the stems. The 
samples were set to air dry at a constant weight before being pounded into a fine powder in a sterile 
laboratory mortar and pestle. The resulting powder were sift (0.2mm) and store in air tight wide 
mouth bottle for analysis. 500g of each stored sample was dissolved in 2 litres each of distilled water at 
room temperature (27 ± 0.30C) for 24 hours (Omoregie and Onuogwu, 2015). Afterwards, a vacuum 
pump was used to decant and filter the settling aqueous component via Whitman filter paper. To 
prepare them for usage, the filtrates were freeze-dried and kept in a refrigerator at 100°C.

The experiment was conducted using a completely randomized approach. Eighteen (18) plastics tanks, 
each measuring 60 cm by 40 cm by 40 cm, were utilized. After a thorough cleaning, 20 liters of water 
were added to the plastic tanks. Each plastic tank has a label on it. Ten fish were allocated each tank 
after each fish was weighed. 180 young C. gariepinus fish in total were randomized and put into the 
aquariums in triplicate, with 10 fish in each tank.

Source and Preparation of Ginger leaves

Range finding test 

Definitive Test

Statistical Analysis

RESULTS AND DISCUSSION
The histological changes on fish is a noteworthy and promising field to understand the extent to which 
changes in the structural organization are occurring in the organs due to environmental pollution. 
Isiyaku et al. (2021) studied environmental pollution and its effects on aquatic animals. The 
histological alteration of the gills and liver were observed and this was more pronounced at higher 
concentrations (13.5 ml/L, Plate 6) and exposure time. The gills showed lamella hypertrophy, some 
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hyperplasia at the base of the secondary lamellae and desquamation of the epithelial lining and 
telangiectasia of the secondary lamellae at lower concentrations – 7.5mg/l (Plates 1). 

Plate 1: Gills of Clarias gariepinus in the
control tank shows normal aspect of gill 

Plate 2: Gills of Clarias gariepinus exposed to
7.5 mg/l of ginger powder

P

*
s

B
D

N

Plate 3: Gills of Clarias gariepinus exposed to
9.0 mg/l of ginger powder

N

B

D

Plate 4: Gills of Clarias gariepinus exposed to
10.5 mg/l of ginger powder

D

G

N

Plate 5: Gills of Clarias gariepinus exposed to
12 mg/l of ginger powder

VVV _

Plate 6: Gills of Clarias gariepinus exposed to
13.5 mg/l of ginger powder

N
V

B
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Histological examination of Clarias gariepinus gave significant indication of toxicity of ginger leaves 
(Plates 1 to 12). The effects include gill alteration such as desquamation of the epithelial lining, 
telangiectasia, haemoragic and hyperplasia at the secondary lamellae (Plates 2, 3, 4, 5 and 6) while 
there was no pathological lesion in the control experiment (Plate 1). Oulmi et al. (1995) studied the 
effects of linuron herbicide on the rainbow trout (Oncorhynchus mykiss) and stated that small 
cytoplasmic vacuoles, nuclear deformation in the epithelium of the first and second segments of the 
proximal tubule were observed. The liver of the exposed fish had slightly vacuolated hepatocytes 
showing evidence of fatty degeneration, necrosis of some portions of the liver tissue that were observed 
probably resulted from the excessive work required by the fish to get rid of the toxicant from its body 
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Plate 7: Liver of of Clarias gariepinus juveniles
in the control tank shows normal architecture 
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Plate 8: Liver of of Clarias gariepinus juveniles
exposed to 7.5mg/l of ginger leaves powder
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Plate 9: Liver of of Clarias gariepinus juveniles
exposed  to 9.0 mg/l of ginger leaves powder

B R
V

Plate 10: Liver of of Clarias gariepinus juveniles
exposed to 10.5mg/l of ginger leaves powder

Plate 11: Liver of of Clarias gariepinus juveniles
exposed to 12.0 mg/l of ginger leaves powder
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Plate 12: Liver of of Clarias gariepinus
juveniles exposed to 13.5 mg/l of ginger
leaves powder
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Preservation methods play a critical role in maintaining the integrity of biological specimens, especially 
for long-term storage, enabling researchers to conduct detailed analyses over extended periods 
(Berbel-Filho et al. 2013). However, the conditions under which biological samples are preserved can 
vary significantly depending on their intended use and the desired outcomes (Jawad, 2003; Ghaly et 
al., 2010). For ichthyologists, accurately identifying fish specimens often involves using formalin, 
alcohol, freezing, and chilling to preserve key morphological traits in the absence or lack of access to 
fresh samples (Ghaly et al. 2010). Preservation techniques in general, whether used in the short or long 
term, have been shown to affect taxonomically significant morphometric characteristics such as total 
length, head length, eye diameter, and body depth (Jawad, 2003; Ghaly, 2010; Haubrock et al., 2018; 
Sotola et al., 2019; Adedeji et al., 2023). These distortions may lead to inaccuracies in morphometric 
measurements that no longer reflect the true dimensions in fish, a crucial concern when conducting 
subsequent biological or ecological analyses. Preservation-induced errors can lead to misleading 
conclusions, potentially affecting growth studies, biodiversity assessments, and fishery management 

INTRODUCTION

ABSTRACT
The effects of formalin (5% and 10% concentration) preservation on 
some morphometric characteristics of preserved Oreochromis 
niloticus collected from Upper River Benue were investigated. The 
total length, standard length, head length, body depth, eye diameter, 
and total weight of fresh and preserved O. niloticus were taken weekly 
for the period of nine weeks. The results showed varying degrees of 
shrinkage in the total length, standard length and eye diameter while 
the head length, body depth and total weight experienced varying 
degrees of increment in both 5% and 10% formalin concentration over 
the period of preservations. However, there was no significant 
differences in the studied morphometric characters in both fresh and 
preserved O. niloticus for both concentrations. The results also 
revealed that both concentrations affected the characters in a similar 
trend but a bit more pronounced at 10% concentration. The 
morphometric analyses that form the basic analysis for fields like 
systematics, growth analysis, fish population and dynamics and fishery 
stock management would ideally be performed on fresh specimens. 
However, recognizing that this is not always feasible due to some 
foreseeable challenges, it is important to be aware of the 
morphometric changes that can occur during preservation.

Keywords:
Morphometric Characters,
Preservation, Formalin 
Concentration, 
Oreochromis niloticus
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Experimental Set up

Jawad et al. (2001), Jawad (2003) and Neve et al. (2006) have also documented the impacts of various 
preservation techniques on both pigmentation and morphological characteristics in several fish species. 
For instance, some fish experience significant color fading over time due to prolonged exposure to 
formalin or ethanol, which can hinder species identification or comparative taxonomic studies. These 
morphological changes are often attributed to multiple factors, such as the duration of preservation, 
concentration of the preservative, temperature conditions, and species-specific biological traits like 
age, size, and even the fish's osmoregulatory activity at the time of death (Yeh and Hodson, 1975). For 
example, rapid preservation at high ethanol concentrations might limit tissue degradation but could 
accelerate shrinkage, altering body proportions. The shrinkage effect caused by any preservation 
agents, be it ethanol, formalin or any other method, for instance, can lead to a significant 
underestimation of size, particularly for certain species. Therefore, this study aims to investigate the 
impact of formalin preservation on the length and weight of the preserved Oreochromis niloticus.

Data Analysis

Morphometric characters like body weight (BW), total length (TL), standard length (SL), body depth 
(BD), head length (HL) and eye diameter (ED) were taken. The body weight was measured by 
electronic weighing balance to the nearest 0.01g, while the total length, standard length, body depth, 
head length and eye diameter were measured using digital vernier callipar. Measurement of the 
morphometric characteristics were done on the fresh samples prior to preservation and subsequently 
taken weekly for a total period of nine weeks (63 days).

practices (Porter et al., 2001).

MATERIALS AND METHODS

Morphometric Measurement

The data generated were analyzed using Statistical Package for Social Sciences (SPSS 22.0). A simple 
descriptive analysis is used to determine the means and one-way analysis of variance (ANOVA) was 
used to separate the means at (P= 0.05). The percentage shrinkage was also calculated to determine 
the changes in the measured morphometrics characters in the fresh samples compared to the 
preserved samples suing the formula below

Forty (40) individuals of O. niloticus of possible similar recruits were obtained from the Upper Benue 
River, Yola. A set of twenty individuals of O. niloticus were introduced to 5% formalin preservation 
while the remaining set of twenty individuals were introduced to 10% formalin preservations. Each 
sample were introduced into individual glass bottles, filled with respective concentration of formalin 
after first been euthanized, after which samples were then labelled and preserved. The solution of 
formalin was prepared using distilled water
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Percentage Shrinkage % =
fresh  sample  –  preserved  sample

Fresh sample 
× 100

RESULTS
The effects of different formalin concentrations on some morphometric characters of preserved O. 
niloticus are presented in Table 1 (5% formalin conc) and 2 (10% formalin conc.). Table 1 showed that the 
lowest percentage shrinkage (1.65) in the total length of O. niloticus preserved in 5% formalin 
concentration was observed at weeks 1 and 2 while the highest shrinkage (3.07) was observed at the fourth 
week of preservation. The lowest shrinkage in the standard length was observed in the first week (3.39) 
and the highest in the fifth week (6.14) of preservation. However, the head length, body depth and total 
weight experienced various degrees of increment during preservation. The highest weight increment was 
observed in the sixth week (-5.73) of preservation while the highest body depth increment was observed 
in the ninth week (-5.92). Table 2 showed that the highest percentage of shrinkage (3.12) in O. niloticus 
preserved in 10% formalin was observed in the ninth week while the lowest was recorded in the first week 
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The observed variations in the measured morphometric characters in the preserved O. niloticus from the 
fresh sample over the preservation period are in accordance with the results of previous works (Jawad et 
al., 2001; Jawad, 2003; Berbel-Filho, 2013; Hossaini, et al., 2016; Sotola et al., 2019; Nordeide, 2020; 
Kumar et al., 2021; Ghazwan, 2021; and Adedeji et al,. 2023) which revealed that different 
concentrations of different preservatives causes various degrees of variations in morphology of any 
preserved specimen. This present study agreed with the observations of Sotola et al, (2019), Nordeide 
(2020) Kumar et al., 2021, and Ghazwan (2021) that formalin preservation causes shrinkage in 

DISCUSSION

of preservation. The percentage shrinkage in standard length increases as the week progresses with the 
highest (5.11) at the ninth week. The head length, body depth and total weight also experienced increases 
in length and weight over the preservation period. The results reviewed that there were no significant 
differences between the measured morphometric characters of fresh and preserved O. niloticus in both 
concentration during the preservation period. Though the percentage shrinkage in both concentrations 
followed the same trend, however, the 10% formalin concentration seems to have higher effects (both 
shrinkage and increment) than of 5% formalin
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total length and standard length but causes increment in the body depth and total weight. 
Furthermore, the observed continuous changes in the morphometric characters as the preservation 
period progresses are in accordance with the work of Sotola et al, (2019) that observed similar changes 
in the body after subsequent ethanol preservation. The observed increment in the head length, body 
depth and total weight may be a result of the use of distilled water in the preparation of the respective 
formalin concentrations as already reported by Ghazwan (2021) that formalin prepared with distilled 
water causes an increase in body depth and total weight compared to formalin prepared with brackish 
water. Changes in morphometric characters of preserved species have been reported to be influenced 
by various factors such as the method of preservation, concentration and type of chemical preservation 
agents, length of the preservation period, salinity and temperature of the preservative (Jawad, 2003; 
Hossaini, et al, 2016). The type of species, age, size and developmental state of the preserved fish are 
all factors that determine changes in morphometric characters of a preserved fish

 punctatus (Rafinesque, 1818) in European freshwater. Croatian Journal of Fisheries, 76: 80-84.

It is concluded that morphometric analyses that form the basic analysis for fields like systematics, growth 
analysis, fish population and dynamics and fishery stock management would ideally be performed on fresh 
specimens. However, recognizing that this is not always feasible due to some foreseeable challenges it is 
important to be aware of the morphometric changes that can occur during preservation.
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TOXICOLOGICAL STUDY OF Clarias gariepinus EXPOSED TO 
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INTRODUCTION
Toxicity in aquaculture refers to the harmful effects of elevated concentrations of metabolites (carbon 
dioxide, ammonia, nitrite, and hydrogen sulfide), algal toxins, heavy metals and agricultural and 
industrial chemicals (Boyd, 2017). Caustic soda is a strong alkali and very corrosive. It is an inorganic 
chemical and highly caustic base that decomposes proteins at ordinary ambient temperature (Ahmadi, 
2019). Caustic soda is used in fresh water aquaculture for pH neutralization and also to scrape the 
aquatic environments off stains and algae deposits on an exposed pond/tank. It is mixed in water and 
then poured into the pond to disinfect the points of viruses and bacteria, as it kills these unwanted 
microorganisms within 1 hour depending on how evenly the mixture was spread in the pond (Khan and 
Khan, 2023). The need for pH requirement or neutralization of the water depends on the water 
source, the species farmed and the production system. The challenge in Nigeria, and globally is the 
resistance of these compounds to degradation and the leaching from disposal systems and landfills 
(Ishaq, 2022). 

Clarias gariepinus, the African sharp tooth catfish is a large, eel-like fish, usually of dark grey or black 

ABSTRACT
The toxicity test of caustic soda was carried out for 96 hours and 
conducted under static bioassay. The fish were acclimated for 7 days 
before the experiments and the test was conducted in a rectangular tank 
with 26 × 20 × 30 cm dimension. Each concentration was tested in 
triplicates with 10 fish per tank The concentrations used in range finding 
test were 0ml, 10ml, 20ml, 30ml, 40ml /8 litres of water while in acute 
toxicity test, 0ml, 22ml, 24ml, 26ml and 28ml /8 litres of water were 
used. Upon exposure to the toxicant, the fish displayed behavioural 
changes such as restlessness, hyper -ventilation, air gulping, clustering and 
erratic swimming. The lethal median concentration (LC50) in acute test 
was determined graphically to be 23ml/8L. The results revealed that as 
the concentration of caustic soda increases, the percentage of mortality 
increased. There were histological alterations in the organs of Clarias 
gariepinus except in the control experiment. Also, the higher the 
concentration of caustic soda used, the higher the behavioral changes 
shown by the fish. Water quality war poorer in treatments with higher 
concentrations as the day of the experiments progressed especially in the 
dissolved oxygen concentration level which reduced greatly at day 4 (96 
hours). These results indicate the need for careful use of caustic soda near 
aquatic ecosystems.

Keywords:
Toxicology, pollution,
median concentration, 
catfish
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The site of the experiment was the Department of Fisheries and Aquaculture Management wet 
laboratory, Ekiti State University, Ado Ekiti, Ekiti, State. Caustic soda was purchased from a reputable 
Agro centre in Ado Ekiti. Range finding test and acute test of Caustic soda were carried out and flakes 
of 4.16g was dissolved in 50ml (0.05 liters) of well water and the solution was mixed with 8litres of 
water which was the concentration used for all treatments as described by Ward and Parrish (1982). 
The solution was mixed thoroughly with the water. Healthy 300 fingerlings of Clarias gariepinus of 
the same genetic stock were obtained from a reputable fish farm. The fish was acclimatized for 7 days 
before the commencement of the experiment. 

MATERIALS AND METHODS

coloration on the back, fading to a white belly. Clarias gariepinus belongs to the family Clariidae and 
phylum Chordata (Olanrewaju et al., 2022). Clarias gariepinus is a hardy fish, able to tolerate poor 
water quality parameters and therefore not easily susceptible to most common diseases encountered 
by other cultured fish species. Uncontrolled and unregulated use of toxic chemicals in Nigeria water 
bodies has resulted in pollution of the aquatic environment which has caused great risk in biotic 
organisms like Clarias gariepinus which is a major source of protein in Nigeria (Ishaq, 2022). These 
chemicals usage causes mortality and change in the composition of fish species, loss of abundance and 
affect the physiology of the fish. Chemicals like caustic soda have been used without checking its 
negative impact on fish which results in poisoned organs. This negatively affects the metabolism and 
well-being of fish, and these indirectly causes health problems when consumed by man. The objectives 
of this study are to determine the median lethal concentration (LC50) of caustic soda, assess the 
mortality rate of different concentrations, analyze the histology of some of the vital organs (gill, liver 
and heart) of Clarias gariepinus and study the behavioral changes of Clarias gariepinus fingerlings 
exposed to different levels of caustic soda. 

In acute toxicity test, the histological analysis of liver, gills and heart of Clarias gariepinus were studied 
in order to determine the toxic effect of caustic soda on them. After four days the fish were taken out 
of each tank, killed by decapitation and the gill, heart and liver were removed, sectioned and examined. 
The organs were fixed in formalin saline solution, kept in cassettes after which they were embedded in 
wax, trimmed and sectioned. Sections were fixed on clean slides and stained with haemotoxylin and 
eosin stains. Photomicrographs were taken with Heitz (Ortholux II) microscope with camera, 
(Standard model BHTVIII). The temperature, pH and dissolved oxygen level was carried out at the 
beginning and the end of the experiment; to ascertain the cause of death in fish, using standard 
methods. All the results collated were analysed using Duncan multiple range test and the differences 
between means were determined using Turkey Post-Hoc test.

Five treatments (0ml, 10ml, 20ml, 30ml, 40ml /8 litres of water) were used for Range finding test and 
five treatments (0ml, 22ml, 24ml, 26ml and 28ml/8 liters) were also used for definitive (acute 
toxicity) test and each treatments had three replicates each. The range finding test (preliminary test) 
was carried out following a static bio assay procedure described by Ward and Parrish (1982) to 
determine the toxic change in Clarias gariepinus exposed to different levels of caustic soda. The test 
material was prepared by weighing Caustic soda (flakes) using Top loading Metler balance to get 4.16g 
of soda weight, this was dissolved in 50ml (0.05 liters) of water to obtain a solution, and the solution 
was then added to 8liters of water. This was allowed to dissolve in water for 10 minutes before adding 
Clarias gariepinus fingerlings. Each fish was weighed using Top loading Metler balance with the weight 
6.21g±0.05g and 10 fish per tank was introduced at the same time into the water in rectangular plastic 
tank already containing the solution of the test materials at different concentrations. The experiment 
was monitored at 3 hours interval and lasted for 96 hours. 
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Table 1: Range finding test: Percentage mortality of Clarias gariepinus fingerlings exposed to 
different levels of caustic soda

RESULTS AND DISCUSSION
In range finding test (Table 1), mortality increased as the concentration and number of hours increased. 

CONCENTRATION Time (3 hours) Time (6 hours) Time (9 hours) Time (12 hours) Time (24 hours)

0ml/8 Liters 0 0 0 0 0

10ml/8 Liters 0 20 0 0 0

20ml/8 Liters 0 0 30 0 20

30ml/8 Liters 0 30 20 30 0

40ml/8 Liters 20 20 20 40 0

As shown in table 2, the results revealed that as the concentration of caustic soda increases, the 
percentage of mortality also increased. In acute toxicity, total mortality was recorded in the highest 
concentration, this agrees with Akin-Obasola et al. (2022) who recorded total mortality within 96 
hours when Caterpilla granule of 16g/10L was used exposed to Clarias garipienus.

Table 2: Definitive test (Acute toxicity test): Mortality of Clarias gariepinus exposed to Caustic soda 
within 96 hours Bioassay.

CONCENTRATION Time (24 hours) Time (48 hours) Time (72 hours) Time (96 hours) Total mortality

0ml/8L 0 0 0 0 0%

22ml/8L 10 10 0 10 30%

24ml/8L 10 20 20 10 60%

26ml/8L 10 20 40 20 90%

28ml/8L 30 30 40 0 100%

As shown in the table 3, the fish showed erratic swimming pattern, loss of reflex, discoloration and no 
reaction to external stimuli, these reactions increased with increase in concentration. 

Table 3: Behavioural Changes to Acute toxicity test of Clarias gariepinus exposed to Caustic soda 
within 96 hours Bioassay. 

Behavioural changes            0ml/8L 22ml/8L 24ml/8L 26ml/8L 28ml/8L

Loss of reflex - - + + ++

Erratic swimming - - + + ++

Discolouration - + + ++ ++

Behaviouralchages - + ++ ++ ++

Hyper-ventilation - + + ++ ++

Mortality% 0 30 60 90 100

Key: Absent: -, Present: +, Highly present: ++. 
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The fish showed erratic swimming pattern, loss of reflex, discolouration and no reaction to external 
stimuli, these reactions increased in concentration. This also corroborate the report of Akin-Obasola 
(2019) where erratic swimming pattern, loss of reflex, discoloration and molting was recorded when 
Clarias gariepinus was exposed to different levels of petrol and engine oil and these reactions increased 
with increase in concentrations. 

The median lethal concentration (LC50) was determined graphically to be 23.5ml/8L 
LC50 determination:
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The histology of the exposed tissue with highest concentrations were analysed as shown in Plates 1-3.
The histopathological analysis:

Plate 1: Gill showing
degeneration in Treatment 5

Plate 2: Liver showing
necrosis in Treatment 5

Plate 3: Heart showing infiltration
of leukocytes in Treatment 5

CONCLUSION 
The results of this study show that caustic soda, an alkali chemical compound used in soap making, 
disinfecting the pond as well as to improve the alkalinity of the water, when carried by running water 
into fish farms, rivers, streams and so on causes toxic effects on fish. The 96 h LC50 value for Clarias 
gariepinus suggest that the fish showed a quick response to the chemical therefore, LC50 of 23.5ml/8L 
is therefore recommended as the tolerant level for Caustic soda.

African catfish (Clarias garipienus) exposed to different levels of caustic soda had the presence of the 
toxicant in the gills, heart and liver. This suggests that these organs could be useful as a marker for the 
toxicants in the aquatic environment. This work corroborates Ray et.al, (1999) who recorded a high 
concentration of mercury in the liver and other organs of Clarias gariepinus while the concentration of 
mercuric in the tissues increased with its concentration in the aquatic environment. As shown in plate 
3, there was interstitial infiltration of leukocytes in the heart of Clarias gariepinus exposed to different 
levels of Caustic soda, this agrees with Akin-Obasola (2022) where deformation in the organs of C. 
gariepinus exposed to different levels of Caterpillar granule was recorded. 
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Caustic soda is toxic to Clarias gariepinus at higher concentrations and its management is necessary. 
There is also need for more study to set maximum permissible levels of chemical compounds such as 
caustic soda for fish meant for human consumption in Nigeria.
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INTRODUCTION 
Wastes from homes, businesses, farms, and towns enter the aquatic environment, resulting in an increasing 
number of toxins. Pollutants have a broad range of impacts on organ function, reproductive status, species 
survival, population growth, and biodiversity that influence organisms at all levels, including humans and 
ecosystems (Gabriel et al., 2007a). Aquatic environments are impacted by pollutants and hazards released 
by mining, agriculture, and industry. This could have a harmful effect on aquatic life. One of these 
pollutants is biocides, which has a detrimental effect on fish and other aquatic organisms (Gabriel et al., 
2007b). Numerous pathways, including direct application, spray-drift, runoff, leaching, manufacturing 
discharge, and sewage, allow toxic chemicals to infiltrate aquatic habitats. A variety of aquatic non-target 
creatures, particularly fish, are adversely affected by all of these in terms of health (Akinrotimi and 
Gabriel, 2012; Gabriel et al., 2007c). Furthermore, because fish react to hazardous substances similarly to 
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The haematological features of Sarotherodon melanotheron that was 
subjected to butachlor treatment in the laboratory were assessed. Over 
the course of fifteen days, the fish were exposed to the chemical at five 
different concentrations: 0.00 (control), 0.05, 0.10, 0.15, and 0.20 
mg/L. The five water quality indicators measured during the exposure 
were temperature, pH, dissolved oxygen, nitrite, and ammonia. 
Following the experiment, fish blood samples were collected, and their 
haematological parameters were assessed using standard laboratory 
procedures. The results of the investigation demonstrated that 
ammonia and nitrite levels increased in proportion to the chemical's 
quantity. The dissolved oxygen levels, on the other hand, dropped. 
While the temperature and pH were within the same range of 29.01-
29.88 and 6.65-6.68 respectively. Significant reductions (P<0.05) in 
haemoglobin (Hb), packed cell volume (PCV), red blood cell count 
(RBC), and platelet concentrations were among the most significant 
toxic manifestations. Dose-dependent alterations were also observed in 
mean corpuscular volume (MCV), mean corpuscular hemoglobin 
(MCH), and mean corpuscular hemoglobin concentration 
(MCHC).The chemical caused significant changes in the blood 
composition of S.melanotheron, which can be used to monitor the 
health status of the fish in aquatic medium. 

ABSTRACT 

Keywords:
Toxicology, 
Blood composition, 
Sarotherodon 
melanotheron, 
Butachlor
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Preparation of Test Solutions and Exposure of Fish
Butachlor with trade name butaforce was purchased for this experiment from a supermarket in Port Harcourt, 
Nigeria. Sarotherodon melanotheron were exposed to the chemical in triplicates at doses of 0.50, 1.50, 2.50, and 
2.50 mg/L, this was based on previously conducted acute toxicity test, as well as 0.00 mg/L as the control. Ten fish 
were introduced at random into each test tank for each of the life stage. The fifteen-day test was carried out. The 
water in the experimental tanks was renewed every day from the stock solution based on the concentrations of 
each chemical. Commercial feed was supplied to the fish twice daily at 3% body weight.

Worldwide, herbicides are extensively used in agricultural practices followed by other pesticides like 
insecticides and fungicides (Liu et al., 2019). Among different types of herbicides, butachlor have been 
widely used in Nigeria to control unwanted weeds in rice fields due to their low cost and broad-
spectrum activity (Mave et al., 2020). Due to its extensive use against target weed and its persistence 
on the soil, it can reach aquatic ecosystem via drainage, leaching, erosion and runoff water from treated 
areas (Joel and Edna, 2022). Consequently, it has detected at the range from 0.1 to 1.4 µg L-1 in surface 
waters (Mave et al., 2020) The previous studies clearly envisage that the toxic nature of butachlor has 
been posing a potential threat to the agro-ecosystem, aquatic animals and human health (Liu et al., 
2019).To the best of our knowledge, there are no reports on the effects of butachlor on haematological 
parameters of S. melanotheron. We therefore report for the first time the influence of butachlor on 
blood composition of this specie in order to understand the mechanism of toxicity of this widely used 
herbicide on the internal physiology of fish.  Thus, this study evaluated the haematological reactions of 
Sarotherodon melanotheron that were exposed to butachlor in a laboratory setting. 

The study was carried out at the African Regional Aquaculture Center, a division of the Nigerian 
Institute for Oceanography and Marine Research, in Buguma, Rivers State, Nigeria.  Three hundred 
(300) Sarotherodon melanotheron were harvested from the recruitment ponds of the center during low 
tide, of which 150 were juveniles (mean length: 10.99 cm; mean; weight: 60.77 g) and 90 adults (mean 
length: 14.77 cm; mean weight: 100.42g). Six 50-liter open plastic containers were used to transport 
the fish to the lab, where they acclimated for seven days.

Haematological markers, which have been shown to be a reliable indicator of physiological alterations and 
general health in fish, can be altered by chemical exposure (Banee et al., 2018). According to Gabriel et al. 
(2017), fish exposed to sublethal concentrations of toxins can change blood parameters like hemoglobin levels 
and red blood cell (RBC) counts. Substances, like herbicides have been employed in several investigations to 
evaluate the detrimental effects of various substances on fish. Fish can be used as helpful indicators of a 
chemical's toxicity. In addition to the kind of xenobiotic, exposure time, and concentration, fish under 
chemical stress may exhibit distinct hematological components based on a range of biological and non-
biological parameters (Gabriel et al., 2007c). Blood parameters play a crucial role in evaluating the structural 
and functional health of fish exposed to pollutants, as blood serves as a pathophysiological reflection of the 
entire organism. Investigating the mechanisms underlying the impacts of different pollutants is made possible 
by changes in the blood profile, which demonstrate variations in the organism's metabolism and biochemical 
processes brought on by these pollutants (Joseph and Raj, 2020). Fish are particularly sensitive to physical and 
chemical changes that may be reflected in the components of their blood because they interact with their 
environment so directly on a physical and chemical level (Carraschi, 2022). Fish that are exposed to chemical 
pollution may experience changes in their hemoglobin levels. An accurate depiction of the anatomical and 
molecular changes taking place within the body can be seen in blood tissue (Oruc, 2020).

MATERIALS AND METHODS

bigger vertebrates, they can be used to evaluate compounds that may be dangerous to humans and are 
frequently utilized in biomonitoring (Akinrotimi et al., 2017).

Experimental Location and Fish 
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A small hand net was used to remove each fish one at a time, and they were then arranged belly up on a 
table. With the help of a 2 mL plastic syringe, blood samples of approximately 5 mL were taken from 
the caudal peduncle, and 2 mL of the blood were distributed into an anticoagulant-treated (EDTA) 
tubes' for hematological investigations. Blood samples were analyzed using an automated analyzer.

The results of physico-chemical parameters in the experimental tanks during the exposure period are presented in 
Table 1. The values of temperature and pH were statistically similar in all concentrations of butachlor. While ammonia, 
and nitrite significantly increased as concentration increases. However, the dissolved oxygen reduced with increasing 
concentrations of the chemical. The effects of the chemical on the haematological of the juvenile and adult sizes of   
Sarotherodon melanotheron are shown in Tables 2 and 3 respectively.  The result showed a  significant reductions 
(P<0.05) in hemoglobin (Hb), packed cell volume (PCV), red blood cell count (RBC), and platelet concentrations 
and dose-dependent alterations  were observed   in mean corpuscular volume (MCV), mean corpuscular hemoglobin 
(MCH), and mean corpuscular hemoglobin concentration (MCHC) of the exposed fish. 

Table 1: Physicochemical Parameters of Water in Tanks of S. melanotheron exposed to Chronic 
Concentrations of Sodium Bromide (Mean ±SD)

Water temperature was recorded using mercury-filled glass thermometers, while pH was measured 
using a pH meter (Model 3013, Jenway, China). Using standard laboratory technique described by 
APHA (2005), the values of dissolved oxygen, nitrite, and ammonia were assessed.

Haematological Analysis

Evaluation of Water Quality Parameters

Data Analysis
The data obtained from the work was compiled and analyzed with the help of SPSS statistics program 
22.0 for Window. To identify the significant differences in measured variables between the control and 
experimental groups, a one-way analysis of variance (ANOVA) was used. Tuckey's multiple comparison 
tests was used to distinguish between the treatments that differed significantly from one another.

RESULTS 
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Concentrations
(mg/L)

Physico- Chemical Parameters of Water

Temperature (0C ) pH DO (mg/l) Nitrite(mg/l) Ammonia(mg/l)

0.00 29.77±0.99a 6.72±0.66a 6.72±0.62a 0.00±0.00a 0.01±0.01a

0.05 29.01±0.88a 6.88±0.44a 6.48±0.88a 0.02±0.01b 0.17±0.05b

0.10 29.88±0.47a 6.82±0.71a 5.99±0.77b 0.03±0.01b 0.27±0.02c

0.15 29.71±0.81a 6.65±0.34a 5.61±0.99b 0.05±0.01c 0.32±0.05c

0.20 29.88±0.99a 6.67±0.56a 4.99±0.88c 0.05±0.01c 0.39±0.09c

Table 2: Haematological Parameters in Juvenile of S. melanotheron exposed to chronic 
concentrations of Butachlor (Mean ±SD)

Means within the same column with different superscripts are significantly different (P<0.05)

Conc. 
(mg/l)

PCV 
(%)

HB
(g/dl)

RBC
(Cells x 
1012)

Platelets
(Cells x 1012)

MCV
(fl)

MCH
(pg)

MCHC
(g/dl)

0.00 38.88±8.05 b 11.90±0.86 b 7.88±0.54b 298.66±12.66 b 76.78±5.33 b 24.77±3.54 a 33.00±6.77 a

0.05 34.88±1.98 b 11.44±2.77 b 6.61±1.88 b 288.09±21.98 b 71.03±7.56 b 22.91±1.88 a 33.92±7.55 a

0.10 31.66±6.77b 10.77±2.88 b 5.56±1.77 b 277.39±77.02 b 70.77±2.77 b 23.99±3.76 a 32.03±9.88 a

0.15 26.09±2.32 a 9.04±1.77 a 4.88±1.77 a 261.09±11.00 a 65.88±7.44 a 23.02±4.77 a 34.76±9.66 a

0.20 22.77±4.41 a 7.12±1.65 a 3.44±1.55 a 230.33±12.55 a 63.88±7.98 a 23.76±4.88 a 34.01±9.99a

Means within the same column with different superscripts are significantly different (P<0.05)
Key: PCV – Packed Cell Volume, HB – Haemoglobin, RBC – Red Blood Cell, ,MCV – Mean 
Corpuscular Haemoglobin, MCH – Mean Corpuscular Haemoglobin, MCHC – Mean Corpuscular 
Haemoglobin Concentrations
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Table 3: Haematological Parameters in Adult of S. melanotheron exposed to chronic concentrations 
of Butachlor (Mean ±SD)

Conc.
(mg/l)

PCV 
(%)

HB
(g/dl)

RBC
(Cells x 
1012)

Platelets
(Cells x 1012)

MCV
(fl)

MCH
(pg)

MCHC
(g/dl)

0.00 39.02±8.55 b 13.01±0.08 b 9.02±0.77b 355.99±11.99 b 72.77±6.04 b 24.88±9.00 a 33.02±9.22a

0.05 35.32±7.01b 12.33±2.56 b 7.01±1.04 b 302.66±15.08 b 69.87±9.55a 23.99±9.66 a 34.87±9.93 a

0.10 33.02±6.77b 10.01±2.77 b 5.43±1.02 a 290.00±12.88 a 67.02±9.44 a 22.77±9.43 a 33.03±9.05 a

0.15 28.77±9.32a 9.08±1.77 a 4.81±1.55 a 282.70±52.48 a 67.76±4.98 a 21.89±9.88 a 32.66±9.11 a

0.20 26.54±9.66 a 7.99±1.01 a 4.32±1.77a 251.52±12.88a 68,98±9.88 a 20.03±7.77 b 32.66±9.02a

DISCUSSION
Aquatic life health is indicated by the physical and chemical characteristics of natural features such 
temperature, pH, dissolved oxygen, nitrite, and ammonia (APHA, 2005). It was found that the values 
of dissolved oxygen, ammonia, and nitrite differed significantly (P<0.05) from the control. While the 
values of pH and temperature parameters were statically within the same range with no statical 
differences. Even though ammonia is an essential source of nutrients, fish that live in water with high 
ammonia concentrations risk dying. For an aquatic body, the average value of ammonia obtained in this 
work was high. Ammonia is naturally produced by fish metabolism, which consumes food to produce 
the energy, minerals, and proteins needed for life and growth. This may be the reason why the value of 
ammonia has increased in the chemical exposed experimental tanks when compared to the control 
tanks. In comparison to other physicochemical characteristics, nitrates usually have a smaller direct 
impact on marine organisms. However, excessive nitrite levels in the water might make it impossible 
for aquatic life to survive. The experiment's nitrate levels ranged from 0.01 to 0.39 mg/l. This is in line 
with studies conducted by Nte and Akinrotimi (2019), who found that nitrite are more harmful to 
aquatic invertebrates at higher concentrations and for longer exposure times.

Means within the same column with different superscripts are significantly different (P<0.05)
Key: PCV – Packed Cell Volume, HB – Haemoglobin, RBC – Red Blood Cell, MCV – Mean 
Corpuscular Haemoglobin, MCH – Mean Corpuscular Haemoglobin, MCHC – Mean Corpuscular 
Haemoglobin Concentrations

Fish exposed to various aquatic pollutants and poisons have been employed as a sensitive stress indicator 
by using haematological markers. Aquatic creatures may not always die when sub lethal toxin quantities 
are present in the environment. However, these poisons have the potential to bioaccumulate over time and 
pose a serious health risk to aquatic organisms like fish as well as higher trophic levels like humans. 
(Carraschi, 2022). Because of the way that blood and water interact, contaminants can cause a variety of 
physiological dysfunctions in fish that affect haematological parameters. Essential indices of fish oxygen 
transport ability, such as packed cell volume (PCV), hemoglobin (Hb), and red blood cell counts (RBC), 
allow for the correlation between fish health and oxygen levels in their surroundings (Gabriel et al., 2019). 
S. melanotheron demonstrated a considerable reduction in PCV, Hb, and RBCs along with a large drop in 
the dissolved oxygen level with increasing concentration and duration of exposure to butachlor. The 
poisonous substance's inhibitory effect on the hemoglobin-producing enzyme system as a result of 
chemical exposure is another possible explanation, as is the disturbance of iron production. (Prasad et al., 
2020). Moreover, a decrease in the RBC count, Hb concentration, and PCV values seemed to indicate 
erythrocyte hemolysis and/or permanent renal function impairment (Prasad et al., 2020).Besides, Adamu 
and Audu (2018) hypothesize that the notable decrease in PCV may be caused by gill injury and/or 
impaired osmoregulation, which can lead to hemodilution and anemia. Erythropoietic activity may have 
decreased, which would explain the dip in RBCs. Erythropoietin, which is made in the kidney, controls 
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In this study, decrease in Hb concentration in the exposed fish could be caused by either a slower rate 
of synthesis or a faster rate of Hb oxidation (Akinrotimi et al., 2019).   Corresponding to this result, 
Akirotimi et al. (2020) found that fish exposed to cypermethrin had lower amounts of PCV, 
hemoglobin, and red blood cells, and they linked this to the pesticide's negative effects on cell death 
and/or shrinkage. Fish treated with malathion had lower levels of PCV, Hb concentrations, and RBC 
counts (Zaki et al., 2019).  When juvenile C. gariepinus was treated with glyphosate herbicide   similar 
outcomes were seen in the exposed fish as reported by Gluszaket al. (2016). The more sensitive 
erythrocyte indices, such as mean corpuscular volume (MCV), mean corpuscular haemoglobin 
(MCH), and mean corpuscular haemoglobin concentration (MCHC), can cause reversible changes in 
the fish homeostatic system. Variations in these indicators are closely linked to variations in PCV 
levels, Hb concentration, and RBC count. The findings demonstrated MCHC's significant changes. 
There were slight variations observed between the MCV and the control. This pattern is consistent 
with research by Adeyemo (2008) who discovered that experimental fish exposed to lead had higher 
MCV, MCH, and MCHC levels.
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 INTRODUCTION
 Haematological analysis can be used for monitoring the health status of fish from the information's it 
provides (Ayanda et al., 2015). Hematological indices can vary depending on so many factors ranging 
from environmental factors to fish species, age, sexual maturity, the toxicant, length of exposure, water 
quality, and health condition (Ayoola, 2018). Clarias species is a widely distributed fish which 
constitutes one of the major fisheries in Asia and Africa. Some records have shown that Clarias species 
contributes about 14% of over 6,000 tonnes of annual fish production from all fisheries sectors in 
Nigeria (Akin-obasola, 2019). The common species found in Nigeria are Clarias gariepinus, Clarias 
anguillaris, Clarias pachynema, Clarias macromystax,Clarias agboyiensis, Clarias jaensis, Clarias 
buthupogon and Clarias camerunensis. (Idodo-Umeh 2003). The Clarias gariepinus is a prominent 
cultured species because of its hardiness and fast growth rate. Several investigations have been carried 

 ABSTRACT 
The acute toxicity of aqueous extract of African Locust Beans tree 
(Parkia biglobosa) leaf on African catfish   (Clarias gariepinus) 
juveniles was investigated in a static bioassay to determine the 
median lethal concentrations (LC50) at 96 hours of exposure. The 
bioassay was conducted in the water quality laboratory of Prince 
Abubakar Audu University Anyigba, Kogi State. Six graded 
concentrations of 0, 85.5, 90.5, 95.5, 100.5 and 105.5 mg/l of the 
aqueous extract were applied to Clarias gariepinus juveniles in plastic 
containers. The 96 hours LC50 values (with 95% confidence limits) 
estimated by probit analysis was 90.241 mgl-1.Fishes exposed to 
extract of P.biglibosa leaf (0.0, 85.5, 90.5, 95.5, 100.5 and 105.5 
mg/l) for 96 hours revealed that aqueous extract of Parkia biglobosa 
leaf  causes alterations in various blood parameters. Red blood cell 
(RBC) and white blood cell (WBC) counts, haemoglobin 
concentration and haematocrit values were decreased. The toxicity 
of the aqueous extract of the plant against Clarias gariepinus was both 
time and dose dependent. It is thought that this plant extract, the leaf 
and other parts such as the bark and the roots, would be useful in 
aquaculture to eradicate predators and competing wild fish from 
nursery, rearing and stocking ponds prior to the stocking of 
commercially important fry and fingerlings of desired species

Key words:
African catfish, haematology,
leaf extract, Parkia biglobosa,
water quality

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

116



out on various toxicants with Clarias sp. (Ani et.al., 2017). Parkia biglobosa (Jacq), African Locust 
Beans tree is a perennial deciduous tree of high commercial value; it is used as a source of food, 
medicinal agents, timber, fuel and fibre (Orwa, et al., 2009). In West Africa, the seeds of P. biglobosa 
provide a rich source of vegetable protein for humans; the husks are not eaten by humans, but they 
serve as feed for livestocks (Ajibade and Soetan 2012). The fruits are fermented to a condiment called 
'dawa-dawa' or 'iru' used as a flavour intensifier for soups and stews (Ladokun and Adejuwon 2013). 
The extracts from P. biglobosa have been used as natural pesticides against different pests and diseases 
due to the phytochemicals present in different parts of the plant. The study therefore investigate the 
hematological changes in C.gariepinus exposed to P. biglobosa leaf extract as a natural cure for fish 
disease

Experimental Fish: Two hundred healthy Clarias gariepinus juveniles (mean weight of 18 ±0.02g)  
were purchased from Ifeoma farms, Lokoja, Kogi State. The fishes were acclimatized for two weeks 
under laboratory conditions, during the period, fish were fed 3% of their body weight with Blue Crown 
commercial fish feed (2mm)

Blood Sampling: Haematology analysis was conducted on the fishes from each treatment in triplicate 
after the acute toxicity bioassay. The fish used were thoroughly washed according to the procedure of 
Ayoola (2018) to avoid contamination before their blood samples were collected. They were bled from 
caudal artery by severing the caudal fin and the blood were collected into anticoagulant bottle (EDTA 
bottle) labeled to represent each treatment (Ayoola 2018). All the samples collected were taken to 
Biochemistry Laboratory, Kogi State University, for Haematological analysis using Sysmex (KS-21N) 
digital. Parameters determined include direct measurement of erythrocyte otherwise known Red 
Blood Cells (RBCs) (10^12/L), White Blood Cells (WBCs) (10^9/L) Packed Cell Volume 
(PCV)(g/L) and Platelets. Haemoglobin (Hb) (g/L), Mean Corpuscular Haemoglobin Concentration 
(MCHC) (g/L), Mean Corpuscular Haemoglobin (MCH) (pg) and Mean Corpuscular volume (MCV) 

Haematological Analysis

Experimental set-up: Extracts was introduced into 18 circular plastic containers initially filled with 20 
liters of  dechlorinated, bore hole water at a concentration of  105.50, designated as ( T6), 100.50 
(T5), 95.50 (T4), 90.50 (T3) and 85.50 (T2) mg/L and 0.00 (T1) mgL-1 served as control. Each 
concentration had 3 replicates. Fish was randomly be selected and stocked at 10 juveniles per 
container. Fish was starved for 24hr prior to the commencement of the bioassay and throughout the 
exposure period which lasted 96hr. 

 MATERIALS AND METHODS
Study Location: The study was conducted at the water quality laboratory of the Department of 
Fisheries and Aquaculture, Faculty of Agriculture, Prince Abubakar Audu University, Anyigba, Kogi 
State, located  at latitude  7024'16"N and longitude 7037'50.6"E., within guinea savannah middle belt  
zones of Nigeria. The distribution of trees, grasses and other things in the area is determined by factors 
such as; fire, demographic pressure, patterns of cultivation, clearing and relief. Trees found in Anyigba 
do adapt to dry conditions (deciduous) and they shed their leaves in the dry season to control 
evapotranspiration (Ifatimehin et al., 2012).

Sample Collections and Preparations: Fresh samples of Parkia biglobosa leaf was obtained from 
Anyigba, Dekina, Kogi State, washed and air dried to constant weight. The dried samples were 
pounded using a clean laboratory mortar to a fine powder which was then sieved through 0.25 mm 
sieve. 500 g of the resultant powder was dissolved in two litres of water at room temperature (23± 
0.5°C) for 24 h. The extract was filtered using a sieve.
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Mean Corpuscular Volume (MCV)

(fL) and Procalcitonin Test (PCT) were calculated according to the formulae described by Fagbenro et 
al. (2020) and Oladimeji et al. (2022). 

(%) = Hb/PCV× 100. 

The following were determines as;
Haemoglobin (Hb) 
= PCV (%)/3. 
Mean Corpuscular Haemoglobin Concentration (MCHC) 

Mean Corpuscular Haemoglobin (MCH) 
(pg) = Hb/RBC× 10. 

 (fl) = PCV/RBC× 10

Statistical Analysis: Data collected were subjected to one-way analysis of variance (ANOVA) using 
SPSS version 20. Significant means were set at p<0.05 and separated using Duncan multiple range 
test. Data also on LC50 (96hrs) were analyzed using the probit-logit transformation method
. 

Water Quality Determination:  During the experiment, physico-chemical parameters of bioassay 
water namely temperature, hydrogen-ion concentration (pH), total dissolved solids (TDS), electrical 
conductivity (EC) and dissolved oxygen (DO) were monitored (Okeke et, al,.2020). These were 
measured during the acute toxicity test. Temperature was measured using mercury in glass 
thermometer and is calibrated in degree Celsius (oc). pH was determined using pH meter ( pH model 
2602), while electrical conductivity and total dissolved solids were determined using Hanna “Combo” 
portable hand instrument (Hi 98129 Hanna Instruments, Mauritius). DO (mg/l) was measured using 
digital oxygen meter (portable DO model JPB 607). 

 Haematological Analysis: Results of the haematological analysis (Table 1) shows significant differences 
(P<0.05) in the values of MCH, MCHC and WBC. In MCH, T3 was the highest with 33.37 and the 
lowest is 19.64 in T5. In MCHC, T5 was the highest with 33.47 while T6 was the lowest with 33.30 
mean value. The analyzed result of haematology is shown in table 1.

 RESULTS

Table 1 : Haematological analysis of Clarias gariepinus exposed to aqueous solution of Parkia biglobosa leaf extract

PARA
METE
RS

T1 T2 T3 T4 T5 T6

PCV(%) 10.00±1.41a 8.50±0.70a 11.00±4.2a 10.00±2.8a 8.50±0.71a 8.50±2.12a

RBC(10
^6 
cells/µL)

1.67±0.23a 1.42±0.13a 1.77±0.75a 1.66±0.49a 1.45±0.17a 1.42±0.35a

HB(g/d
L)

3.34±0.47a 2.84±0.24a 3.67±1.41a 3.34±0.94a 2.85±0.25a 2.83±0.71a

MCV(fL
)

60.22±0.31a 60.02±0.01a 62.31±3.13a 60.54±0.76a 58.67±1.91a 59.86±0.04a

MCH(p
g)

20.03±0.04b 20.00±0.10ab 20.92±0.087a 20.19±0.27ab 19.64±0.56b 19.93±0.02ab

MCHC(
%)

33.35±0.02ab 33.41±0.04ab 33.37±0.01ab 33.36±0.04ab 33.47±0.13a 33.30±0.01b

WBC(1
0^3cells/
µL)

5465.00±1187b 3222.50±837.c 3570.00±763.c 6375.00±1212a 6715.00±636.a 2660.00±912.c

PCT(m
m)

109.91±15.98a 109.77±0.53a 144.36±28.17a 118.10±12.59a 132.77±11.99a 129.65±12.07a

The value is expressed in mean and standard deviation. Values with different letter superscript in
the rows are not significantly different (p>0.05).
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Keys: PVC = Packed Cell Volume, RBC = Red Blood cell, Hb = Haemoglobin, MCV = Mean 
Corpuscular Volume, MCH = Mean Corpuscular Haemogblobin, MCHC = Mean Corpuscular 
Haemogblobin Concentration, WBC =White Blood Cell, PCT =Procalcitonin Test.
 Water Quality Parameters: The physiochemical parameters of the test water measured during acute 
toxicity bioassay; it can be seen that there was significant difference in all the parameters except in 
the total dissolved solids. pH was highest in control concentration (T1) (6.90) while the lowest is 
seen in T6 (6.10); Temperature was highest in T5 (28.43oc) and lowest in the control T1 (27.20oc); 
Electrical conductivity (µS/cm) was lowest in 841.33 in the control concentration while the highest 
is seen in 991.33 in T6; Dissolved oxygen was highest in the control concentration T1 and lowest in 
concentration of T6 This is shown in table 2. Below.

 Table 2 .  Water quality parameters during the ex periment.

Water Quality Parameter
Treatment 
(mg/L)

Ph Temperature 
(oc)

Electrical 
Conductivity 
(µS/cm)

Total Dissolved 
Solids (mg/L)

Dissolved 
Oxygen 
(mg/L)

Control 6.90±0.00a 27.20±0.01f 841.33±0.00f 420.33±0.00 3.91±0.00a

85.5mg/L 6.41±0.01b 27.43±0.00e 870.00±0.01e 434.67±0.00 3.56±0.00b

90.5mg/L 6.34±0.01c 27.65±0.00d 912.33±0.00d 456.33±0.00 3.55±0.01c

95.5mg/L 6.27±0.01d 27.86±0.00c 919.67±0.00c 465.33±0.00 3.42±0.00d

100.5mg/L 6.17±0.00e 28.43±0.00a 953.33±0.00b 478.67±0.00 3.24±0.00e

105.5mg/L 6.10±0.01f 28.30±0.00b 991.33±0.00a 496.67±0.00 3.10±0.00f

Mean in the same column with different superscripts differ significantly (p<0.05).

DISCUSSION
The result showed haematological changes in the blood parameters. The changes in blood variables 
suggest that there was osmotic disturbance and change of oxygen carrying capacity during the exposure 
of Parkia biglobosa leaf extracts. Similar values were reported for RBC, haemoglobin and hematocrit 
when fish was exposed to  fiazinon (an organophosphate pesticide) (Banae et al. 2011). This was 
related to destruction of cells and/or decrease in size of cells due to adverse effects of pesticide. Zaki et 
al. (2009) also reported a decrease RBC count, haemoglobin concentration and packed cell volume 
(PCV) values in the fish exposed to extract of medicinal plant. Okeke, et.al. (2020) reported 
decreased haemoglobin, RBC count and haematorit values in Clarias gariepinus exposed to lead 
nitrate. Toxicants might cause adverse effect on the haemotopoietic organs which reduces the supply 
of RBC either due to less production and/or increased rate of removal from circulation. Fall in the level 
of haemoglobin may be the consequence of toxic effects of the extracts on the synthesis of this 
molecule. The Parkia biglobosa leaf may disrupt the synthesis pathway by affecting the activity of 
enzyme involved in the synthesis of haemoglobin. Blood cell indices seem to cause change that are 
more sensitive and cause reversible changes in the homeostatic system of fish. Fluctuations in these 
indices correspond with value of RBC counts and haemoglobin concentration. A similar respond was 
noted in common carp and other freshwater fish exposed to acute toxic level of pesticides (Rao, 2010). 
Physico-chemical parameters of the test water measured during acute toxicity bioassay were within 
suitable range for the survival and normal growth of C. gariepinus. Hence changes in fish behavior and 
subsequently death could not have arisen from poor water quality of the test water. On the optimum 
pH scale for fish growth developed by Badiru (2005), the range for this study (6.10-6.90) corresponds 
with the desirable range (6.5-9) for the fish production. However, dissolved oxygen range for this 
study (3.10-3.90mg/L) spans the range for slow growth following long term exposure (1-5mg/L) of the 
dissolved oxygen scale for warm water fishes by Badiru (2005). Similarly, the temperature range for 
this study (27.20-28.43) is within the normal range of temperature in the tropics to which fish are 
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CONCLUSION

                                                

 This plant (Parkia biglobosa) is recommended to be used as a biological control in eradicating predators 
and unwanted organisms in the ponds by farmer instead of using agrochemical, but using for obnoxious 
methods of fishing (poison) in the wild should be discouraged and caution should be observed when it 
is being used as insecticides.

This result shows that aqueous extract of P. biglobosa leaf caused some clinical haematological change 
and ultimate death when exposed to C. gariepinus juvenile. This mean that the extract of P. biglobosa 
leaf equally have pesticide property like the extract of the barks of the same plant on C. gariepinus and 
can therefore, be used to eradicate unwanted fishes from ponds prior to the stocking of desired fish 
species. One can also deduce from this research work that the introduction of P. biglobosa into water 
bodies would threaten the life and existence of fish
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INTRODUCTION
Pollutant levels in aquatic environments can lead to a substantial increase in mortality rates among 
aquatic organisms (Taka et al., 2014). Conversely, low levels of these contaminants can result in 
bioaccumulation and biomagnification, ultimately affecting human health through the food chain 
(Akinrotimi et al., 2018). It is imperative that we address the issue of water pollution with the highest 
priority to ensure the consumption of safe and healthy fish (Ariweriokuma et al., 2018). The 
application of agricultural chemicals poses a significant threat to ecosystems and all forms of life, as 
these substances can easily contaminate water bodies, leading to severe consequences for non-target 
species, including fish. This situation has raised considerable social and scientific concerns globally 
(Mave et al., 2020). The pollution of the environment by agrochemicals has emerged as a critical issue 
for both human health and wildlife conservation on a worldwide scale (Adedeji and Okocha, 2012). 
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ABSTRACT
This research investigated the metabolic responses in Coptodon 
guineensis subjected to varying concentrations of butachlor at 0.00 
(control), 0.10, 0.20, 0.30, and 0.40 mg/L. During the study, some 
water quality parameters were evaluated: temperature, pH, salinity, 
dissolved oxygen, nitrite, and ammonia. A total of 150 C.guineensis 
were sourced from the creek  and were  divided into two size 
categories: Group 1 included juveniles with an average length of 
15.77 ± 1.08cm and an average weight of 90.99 ± 7.55 g and group 2 
consisted of adults with an average length of 22.59 ± 9.34 cm and an 
average weight of 188.94 ± 21.02 g. They were exposed to the 
chemical for a period of 15 days. Following the experiment, blood 
samples were collected from the fish, and metabolites profiles were 
analyzed using standard laboratory methods. The findings indicated 
that urea levels were significantly elevated (P < 0.05) in the exposed 
fish compared to the control group, while levels of creatinine, total 
bilirubin, and total protein were significantly reduced (P < 0.05) in 
the exposed C.guineensis. Notably, the juvenile fish exhibited more 
pronounced metabolic alterations. This study provides foundational 
data that may facilitate future comparative research on metabolic 
stress in aquatic organisms from contaminated coastal environments 
and enhance effective bio-monitoring of aquatic life.

Keywords:
Metabolites, Butachlor,
Pollutants Tilapia, Toxicity.
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Pesticides in streams ultimately diminish due to various factors such as torrents, dilution, partitioning 
in water or air, adherence to sediment particles, accumulation in the tissues of aquatic organisms, or 
burial in sediment (George et al., 2017). The primary mechanism for pesticide transfer from terrestrial 
environments to aquatic systems is surface runoff resulting from intermittent rainfall, which 
intermittently exposes non-target species, such as fish, to pesticides. In lentic (still) systems, this pulse 
exposure may arise from the dissipation of pesticides, while in lotic (flowing) systems, it is often linked 
to hydrological processes, characterized by continuous water movement (Gabriel and Akinrotimi, 
2011). Biomarkers are defined as sub-organism responses in organisms that indicate exposure to or the 
effects of environmental contaminants. Commonly evaluated biomarkers in fish include oxidative 
damage, changes in hematology, biochemical and histological alterations, as well as genotoxicity and 
mutagenicity. These biomarkers can be instrumental in monitoring fish health and may act as early 
warning indicators for environmental threats (Ada et al., 2019). Despite over two decades of research 
on aquatic organisms exposed to pesticides or other toxic substances, the biochemical responses of S. 
melanotheron to pesticides remain inadequately understood. 

The research was carried out at the African Regional Aquaculture Center located in Buguma, Rivers 
State, Nigeria. During the low tide period, a total of 150 C. guineensis samples were collected from the 
recruitment ponds within the center for the experiment. These samples were subsequently sorted and 
categorized into two distinct groups based on their sizes. Group 1 included juveniles with an average 
length of 15.77 ± 1.08cm and an average weight of 90.99 ± 7.55 g and group 2 consisted of adults with 
an average length of 22.59 ± 9.34 cm and an average weight of 188.94 ± 21.02 g. They were exposed 
to the chemical for a period of 15 days. The fish were transported to the laboratory in six open, 50-liter 
plastic containers, where they underwent a seven-day acclimatization period.
Preparation of Test Solutions and Exposure of Fish

Water contamination can occur through various means, whether intentional or accidental, including 
direct application into aquatic systems, spray drift, atmospheric deposition such as dust and rain, 
sewage discharge, industrial effluents, and, in rare cases, spills. While the use of chemicals in 
agriculture offers numerous benefits, it also presents significant drawbacks, including environmental 
degradation and pollution, which are closely linked to chemical usage. The contamination of the 
environment by agrochemicals poses a serious threat, with exposure to these substances potentially 
leading to adverse health effects, including cancer and neurological damage (Babatunde and Oladimeji, 
2011). Unlike other pollutants, pesticides are intentionally introduced into the environment to exploit 
their toxic properties for pest and disease control. Alarmingly, less than 0.1% of insecticides applied reach 
their intended targets, with 99.9% dispersing into various environmental media (Nte et al., 2011).

The herbicide butachlor, N-(butoxymethyl)-2-chloro-2',6'-diethyl acetanilide, is normally applied in 
agricultural fields to control weeds. It is a selective systemic herbicide, mainly used to control pre-
emergent of annual grass with application rate 3000 - 4000 (g∙ha−1). It is now one of the top three 
herbicides used across the world (Geng et al., 2020). It is widely applied in Nigeria, particularly in the 
form of granules, as a post-emergent herbicide in rice cultivation. It has a half-life of 18–19 days in soil, 
is a highly stable and persistent herbicide (Zhu et al., 2020). Owing to this, a great deal of concern and 
interest has been involved regarding the behavior of this chemical and its effects on aquatic ecosystem 
including fish (Liu et al., 2019). The environmental and economic implications of these organisms are 
significant. There is limited literature regarding the effects of butachlor on the metabolites in the 
plasma of T. guineensis. Consequently, this study aimed to assess the metabolic responses of C. 
guineensis   exposed to varying concentrations of butachlor in a laboratory setting.

Experimental Location and Fish 

For this experiment, Butachlor, marketed under the trade name Butaforce, was procured from a 

MATERIALS AND METHODS
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Determination of blood Plasma Metabolites

The mean and standard deviation of the mean were used to express all the data. The data analysis was 
done using SPSS Version 22, a statistical program. Using two-way ANOVA, the means were split, and 
the two means were deemed significant at 5% (P <0.05).

RESULTS

supermarket in Port Harcourt, Nigeria. C.guineensis were subjected to the chemical at concentrations of 
0.00 (control), 0.10, 0.20, 0.30, and 0.40 mg/L, with each concentration tested in triplicate. The 
concentrations used were calculated using the formula C1V1=C2V2 according to the methods described 
by Joel and Edna (2022). The test herbicide butachlor was measured using a micro-pipette and was 
introduced into the tanks containing 20litres of water.  Five fish were randomly assigned to each test tank. 
The duration of the experiment was 15 days, during which the water in the tanks was refreshed daily. The 
fish were fed twice daily at a rate of 3% of their body weight using a commercial feed.

A 2ml sample of fresh blood was collected at the end of each experimental period by puncturing the caudal 
artery with a fine needle and transferring the sample into heparinized vials. Serum was isolated through 
centrifugation using a TG20-WS Tabletop High Speed Laboratory Centrifuge for a duration of 5-8 minutes at 
a speed of 10,000 rpm. In accordance with the guidelines established by APHA (1998), the samples were 
analyzed for the metabolites creatinine, total bilirubin, total urea, and total protein. Each test was conducted 
in triplicate. The methods outlined by APHA (1998) were also employed to assess water quality parameters.

Statistical Analysis

Table 1: Physico-chemical Parameters of Water in Experimental Tanks (Meant± SD) 

The water quality parameters presented in Table 1 showed no significant variation, with the exception of 
dissolved oxygen (DO), which exhibited lower levels at higher chemical concentrations. Table 2 illustrates 
the impact of the chemical butachlor on the plasma metabolites of juvenile T.guineensis. An increase in 
butachlor concentrations correlated with a decrease in the levels of creatinine, total protein, and total 
bilirubin. In contrast, the urea levels showed a significant increase when compared to the control values. 
Furthermore, Table 3 details the effects of butachlor on the plasma metabolites of adult T.guineensis. 
Similar to the juvenile findings, elevated butachlor concentrations resulted in reduced levels of creatinine, 
total protein, and total bilirubin, while urea levels significantly increased relative to the control values.
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Parameters Concentrations of Butachlor (mg/L)

0.00 0.10 0.20 0.30 0.40

Temperature (0C) 28.82±1.01a 28.91±1.82a 28.71±1.66a 28.77±1.08a 28.09±1.55a

pH 6.66±1.03a 6.67±1.07a 6.65±1.03a 6.64±1.44a 6.62±1.55a

Ammonia (mg/l) 0.11±0.01a 0.32±0.01ab 0.40±0.17b 0.41±0.01b 0.50±0.33c

DO (mg/l) 6.69±0.02c 6.20±0.88c 5.32±0.77b 4.01±0.22b 3.72±0.22a

Nitrite (mg/l) 0.01±0.00a 0.05±0.01b 0.07±0.01b 0.08±0.01b 0.13±0.02c

Salinity (ppt) 13.00±1.09a 13.05±1.09a 13.07±1.03a 13.06±1.07a 13.07±1.33a

Means within the row with different superscripts are significantly different (P<0.05)
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DISCUSSION
Water quality parameters are generally affected by chemicals under high concentrations (Oyelese et 
al., 2019). In this study there was no significant difference (P>0.05) in temperature, salinity, pH, 
ammonia, and nitrite levels between the different concentrations of the chemical and the control 
group. This may be due to lower concentrations of the chemical applied.  However, the measurements 
of dissolved oxygen in the water indicated a decrease in all concentrations of exposure. The pattern 
observed in the water quality parameters is similar to the results of previous research that exposed fish 
to various chemical concentrations in a saltwater environment (Ada et al., 2019). The main role of 
blood or plasma is to transport waste materials to excretory organs for elimination from the body, as 
well as to facilitate the absorption of metabolites and nutrients (both organic and inorganic) 
throughout the body (Akinrotimi et al., 2019). A key clinical indicator is the level of metabolites in the 
blood, whether it is high or low. As the concentration of the chemical solution increased, the 
measurements of total bilirubin decreased. A decrease in total bilirubin levels suggests that the liver 
cells of C.guineensis may have been damaged. The inability of the liver to transform bilirubin into bile 
and urobilin, which is responsible for the yellow color of human urine, could be the reason for the 
decrease in total bilirubin levels in the blood (Foss et al., 2021).
A variety of both in-vivo and in-vitro methodologies have been employed to utilize urea and creatinine 
as important indicators for evaluating the impact of stress on renal function (Oyeleke et al., 2019). 
During the exposure period, the creatinine levels in the experimental fish exhibited a decline, whereas 
urea concentrations increased in correlation with the rising concentration of the chemical solution. 
Calbreath (2022) reported a reduction in the glomerular filtration rate alongside an elevation in urea 
levels, suggesting that the kidneys were compromised in their ability to excrete these waste products. 
Total protein content serves as a vital non-specific immunological parameter and is regarded as a key 
indicator of fish health (Imsland et al., 2022). In this study, a decrease in serum protein levels was 

Table2: Metabolites Activities in Juveniles of C.guineensis Exposed to Butachlor in the Laboratory 

Concentrations

(mg/l)

Metabolites (mg/dl)

Creatinine Urea Total Bilurubin Total Protein

0.00 81.221±1.44 c 2.09±0.77 a 11.99±1.77 c 24.01±1.02 c

0.10 72.49±5.04 b 3.23±0.55 a 10.08±1.12 c 18.44±1.65 b

0.20 65.77±5.22 b 4.87±1.41 b 8.55±1.77 b 15.88±1.87 a

0.30 55.55±6.23 a 5.90±1.44 b 7.32±0.88 b 14.54±1.77 a

0.40 51.99±8.77 a 6.52±1.66 b 4.88±0.87 a 12.43±1.87 a

Means within the same column with different superscripts are significantly different (P<0.05)

Table4: Metabolites Activities in Adults of C.guineensis Exposed to Butachlor in the Laboratory 

Concentrations

(mg/l)

Metabolites (mg/dl)

Creatinine Urea Total Bilurubin Total Protein

0.00 94.89±2.99 c 5.01±0.05 a 22.60±1.71 b 35.03±3.65 c

0.10 81.77±9.81 b 5.82±0.15 a 20.17±1.65 b 29.58±1.02 b

0.20 72.65±8.47 b 6.82±1.09 b 16.76±1.51a 26.02±6.77 b

0.30 60.88±4.03 b 6.90±1.98 a 12.02±0.98 a 23.02±3.66 b

0.40 54.09±4.33 a 7.98±1.55 c 10.03±0.88 a 20.08±1.55 a

Means within the same column with different superscripts are significantly different (P<0.05)
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Adedeji, O.B and Okocha, R.O. (2012). Overview of pesticide toxicity in fish. Advances in  Environmental 
 Oreochromis niloticus juveniles exposed to atrazine herbicide. AACL Bioflux, 5(5), 369-379.

Akinrotimi, O.A., Okereke, A.N., and  Ibemere, I.F. (2019). Studies in plasma glucose as biomarkers for 

Ada, F. B., Ayotunde, E. O. and  Bayim, B. P. (2019). Some biological and hematological responses of 

CONCLUSION
This study has revealed that different levels of butachlor significantly affect the metabolites of C. 
guineensis, with this impact being most pronounced in juvenile fish. This aligns with previous studies 
indicating that stress can alter the normal operation of fish organs, especially the liver. In conclusion, the 
findings that show lower overall protein levels in this research suggest either a reduction in protein 
production or an increase in protein excretion, both of which point to kidney issues. A decrease in 
creatinine levels in the fish exposed to the toxin suggests the fish are experiencing stress. Higher levels of 
urea indicate that the kidneys are struggling to eliminate surplus waste. If fish exposed to the toxin display 
changes in total bilirubin levels, it's possible that the liver was not damaged by the toxin. The study's results 
indicate that the levels of total protein, total bilirubin, creatinine, and urea in the test organism's blood 
could be valuable indicators of sublethal butachlor impacts on aquatic life.

observed in the experimental fish. Factors such as diminished amino transferase activity, altered 
hepatic architecture, and impaired regulation of fluid balance may contribute to the observed decline 
in total protein levels. This finding corroborates the results of Anyanwu et al. (2007) regarding the 
exposure of Sarotherodon melanotheron to varying salinities. The reduction in protein content is likely 
attributed to decreased or disrupted production of microsomal proteins. The degradation of proteins 
suggests an increase in proteolytic activity, which may be utilized for metabolic functions (Olusegun, 
2021). An increase in protein content could be associated with enhanced protein synthesis due to 
elevated enzyme activity related to this process, while a temporary decrease in protein levels may 
result from reduced protein synthesis and heightened proteolysis. Nevertheless, a decline in fish 
protein content following stress has been documented by researchers (Nte et al., 2018).
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INTRODUCTION
Pollution from petroleum resources, including kerosene, can indeed occur during oil exploration, even 
before fragmentation takes place. During the early stages of oil exploration, activities such as drilling, 
transportation, and pipeline construction can result in accidental releases or leaks of petroleum 
products, including kerosene, into the environment. These discharges, often occurring before full 
fragmentation or extraction processes begin, can significantly impact the aquatic ecosystem. Kerosene, 
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ABSTRACT
The effect of water-soluble fraction of kerosene on the juveniles of 
African catfish Clarias gariepinus was investigated. The incidence of 
oil spills that finds their way into the aquatic ecosystem contains a 
serious threat to the welfare of fish species and other aquatic biotas. 
Many refined products of crude oil are poisonous to aquatic 
organisms, even at very low concentrations. The present study was 
carried out in the University of Calabar, in the institute of 
oceanography (IOC) laboratory for a period of 96 hours. A total of 
one hundred and fifty (150) juveniles of Clarias gariepinus were 
randomly allocated into fifteen (15) plastic containers measuring 25 
x 10 x 15cm (10 juveniles in each plastic and filled with 4 litres of 
water. The water-soluble fraction (WSF) of the kerosene used for the 
experiment was prepared at five different concentrations of 0, 12, 
24, 36 and 48mg/l. The 96-hour LC50 for the test organisms was 
determined to be a 12 mg/L concentration of the toxicant. 
Significant differences in the mortality rate of C. gariepinus juveniles 
were observed across the five concentrations (P < 0.05). Low 
feeding rate, uncoordinated swimming, gasping for air, restlessness 
and attempt to jump out of tanks were amongst the behaviour 
observed due to exposure of C. gariepinus to the water-soluble 
fraction of kerosene. Significant negative relationship existed 
between ammonia and pH (r = 0.9969, P<0.05), ammonia and 
Dissolve oxygen (DO) (r = 0.9 465, P<0.05) while a positive 
significant relationship was observed between pH and Dissolve 
oxygen (DO) (r = 0.9688, P<0.05). It therefore shows that the 
introduction of the toxicant into the test medium altered the 
physiochemical parameters.

Keywords:
Clarias gariepinus,
physiochemical
parameters, kerosene
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Claria gariepinus, commonly known as African catfish, is considered a hardy fish species probably 
because they can tolorate adverse water quality conditions due to the presence of accessory breathing 
organs. In Africa, Clarias gariepinus is the most cultivated fish species (Fawole et al., 2020). 

Test Animals, Experiment Site and Stocking

in particular, tends to float on the surface of the water, exacerbating its harmful effects on both the 
aquatic environment and the organisms within it. Kerosene represents one of the crude oil refinery 
products widely used in many household as a sources of cooking energy (Yekini, 2021). Beyond this, 
kerosene is also used in the aviation industry as an energy source (Glenn et al.  2011). It is important to 
note that kerosene is immiscible in water and it floats on the water's surface at any slight spill or 
accidental discharge (Garry et al., 2007). Unfortunately, these oil spills with the chemical constituents 
always find their way into most freshwater and marine water outlets and alters the aquatic ecosystem 
and inflicts serious health damage to the inhabiting fish species (Ayman 2014). Oil spills in water 
bodies can cause fish to suffocate by preventing oxygen from dissolving in it. It can also cause difficulty 
in respiration, interference with the functioning of various organs, abnormal behavior and the death of 
fish (Gabriel et al., 2013).

Nigeria is Africa's largest oil and gas producer and a major exporter of crude oil and petroleum products 
to other countries (Egborge, 2000; Ayman, 2014). The economic sector of Nigeria is highly dependent 
on the oil sector. This study is aimed at assessing the effect of water-soluble fraction of kerosene on the 
juveniles of African catfish (C. gariepinus).

MATERIALS AND METHODS

A total of 150 juveniles of African catfish (Clarias gariepinus) with a mean size of 5.25 cm and a mean 
weight of 3.5 g were purchased from the University of Calabar Fish Farm. The farm is situated between 
latitutde 040510201N and longitude 0080201 4501E (Etim and Enyenihi, 1991).  The test animals 
were transported to the Biological oceanography Research laboratory in the Institute of Oceanography 
(IOC), where the experiment was carried out. The animals were acclimatized to the conditions in the 
laboratory in 21 days. The tank was aerated with air stones for the test animals to get used to the 
environment. The juveniles were fed with commercial feed (coppens) at 5% body weight per day 
(bw.d1) into two rations (2.5% per ration).
To avoid stressing, ten (10) fishes were picked using hand net from the acclimatized tank and then 
distributed randomly into each of the fifteen (15) plastic containers measuring 25 x 10 x15cm and 
filled with 4 liters of water.
The kerosene was purchased from Ekoson filling station, Calabar Cross River State, in air tight plastic 
bottles and transported to the Biological oceanography Research Laboratory in the Institute of 
Oceanography (IOC).

Preparation of Water-Soluble Fraction (SWSF) of Kerosene
Water-soluble fractions (WSF) of kerosene were prepared using an oil-to-water ratio of 1:3. Five 
hundred milliliters (500 ml) of kerosene was mixed with 1500 ml of deionized water. The mixture was 
shaken vigorously for about 2 minutes to create an emulsion. After shaking, the mixture was allowed to 
stand for a minimum of 3 hours to establish a clear interface between the oil and water phases. The oil 
was decanted, and the remaining mixture was poured into a glass stopper separating funnel and allowed 
to stand overnight. Pure and clear WSF was obtained from the lower part of the funnel and siphoned 
into capped bottles to make the stock (100% WSF). This process was repeated until sufficient 
quantities of WSF were obtained. 

Measurement of Physio-Chemical Parameters

Water quality parameters such as temperature (°C), dissolved oxygen (DO), ammonia (NH₃), and pH 
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Before the acute toxicity test, a range-finding test was conducted to determine the appropriate 
concentrations of WSF of kerosene for the definitive toxicity test. Based on the results of the range-
finding test, concentrations of 0, 12, 24, 36, and 48 mg/L were selected for the definitive test on 
juveniles of Clarias gariepinus. The experiment lasted for 96 hours, and the LC50 was calculated using 
a modified method. The feeding rate, moribund behavior, and death rate were closely monitored and 
recorded at 24, 48, 72, and 96 hours, respectively. Additionally, dissolved oxygen, temperature, pH, 
and ammonia were monitored using a Lurton DO meter, pH meter, and mercury-in-glass thermometer 
throughout the experiment.

TABLE 1: Mortality rate of C. gariepinus juveniles in different concentrations at the end of the 
experiment (96) hours

RESULTS 

were measured using standard methods. Temperature was recorded using a mercury thermometer, 
dissolved oxygen was determined using the Winkler titration method, ammonia concentration was 
measured with a colorimetric method, and pH was assessed using a pH meter. These measurements 
were taken before the start of the experiment and daily thereafter.

The test animals were considered dead when their bodies were no longer moving, even when probed 
with a glass rod. Mortality was determined promptly before any fish had the chance to sink, as they 
began to float or exhibited no movement. Each dead fish was then removed from the test medium with 
a pair of forceps, placed in a clean empty petri dish, and recorded.

Monitoring of Specimens for Mortality

Data from these studies were analyzed using SPSS versions 22. Analysis of variance (ANOVA) was 
tested for significant different concentrations at a probability level of 0.05. Means of the 
physiochemical parameters were calculated using descriptive statistics.

Definitive Test

Statistical Analysis

The death and survival of Clarias gariepinus juveniles at the end of the test period for each 
concentration are presented in Table 1. No mortality was recorded in the control (0 mg/l 
concentration) throughout the experiment. At the 12 mg/l concentration, 90% of the test organisms 
were dead after 96 hours. At the 24, 36, and 48 mg/l concentrations, 100% mortality was observed by 
the end of the 96-hour experiment.
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Tank 0mg/l 12mg/l 24mg/l 36mg/l 48mg/l

Treatment 1 0 7 10 10 10

Treatment 2 0 9 10 10 10

Treatment 3 0 5 10 10 10

Physicochemical parameters in the test medium were recorded as follows: Temperature (27.63 ± 
0.61°C), Dissolved Oxygen (1.90 ± 0.81 mg/l), Ammonia (1.90 ± 1.52 mg/l), and pH (4.43 ± 1.14) 
(Table 2). Significant negative correlations were observed between ammonia and pH (r = 0.9969, p < 
0.05), and between ammonia and dissolved oxygen (r = 0.9465, p < 0.05). A significant positive 
relationship was found between pH and dissolved oxygen (r = 0.9688, p < 0.05).

Behavioral changes observed in the juveniles of C. gariepinus included erratic swimming, moribund 
state, restlessness, low feeding rate, and attempts to jump out of the test containers. These behavioral 
changes were more pronounced with increasing concentrations of the WSF of kerosene, demonstrating 
a dose-response relationship. The dead and moribund fish exhibited pale skin and brownish gills.
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TABLE 2: The mean + standard deviation of physicochemical parameters in the test medium in each 
24 hours

Parameters After 24 hours After 48 hours After 72 hours After 24 hours

Temperature (0C) 27.33+0.72 27.93+0.26 26.80+0.86 26.47+0.92

DO (mg/l) 2.60 +0.38 1.21+0.42 1.26+3.8 1.14+0.30

Ammonia (mg/l) 0.51+0.39 3.29+0.71 3.85+0.58 4.41+0.57

pH 5.50+0.22 3.36+0.14 3.07+0.18 2.71+0.98

LC  of toxicant on the juveniles of C. gariepinus50

The behavioral changes observed, such as erratic swimming and attempts to jump out, are consistent 
with the toxic effects of petroleum hydrocarbons on aquatic organisms. Similar behaviors have been 
reported in other studies, where exposure to hydrocarbon pollutants caused distress and impaired 
normal fish activities (Hicken et al., 2011). The pale skin and brownish gills of the moribund fish 
indicate respiratory stress, which is a common symptom of toxicity in fish exposed to petroleum 
products (Hicken et al., 2011). These signs of distress are indicative of the toxicological impact of 
kerosene, which likely interferes with the oxygen uptake and overall respiratory function of the fish.

The results of this study show that C. gariepinus juveniles exhibit significant mortality when exposed 
to increasing concentrations of kerosene. The observed dose-response relationship suggests that higher 
concentrations of kerosene lead to higher mortality rates, with 100% mortality observed at 
concentrations of 24 mg/l and above. The absence of mortality in the control group confirms that the 
observed effects were directly attributable to the kerosene exposure.

The recorded physicochemical parameters were within ranges that are typical for freshwater systems, 
although the low dissolved oxygen (DO) levels and high ammonia concentrations could be indicative of 
stress or suboptimal environmental conditions for the test organisms. The significant negative 
relationships between ammonia and pH, and ammonia and DO, suggest that increased ammonia levels 
may have contributed to the observed mortality and behavioral changes by altering the water 
chemistry. The high ammonia concentration observed could have resulted from the decomposition of 
organic matter, which is commonly associated with petroleum contamination (Gauthier et al., 2017).

DISCUSSION

Overall, this study provides insight into the toxicity of kerosene to C. gariepinus juveniles and 
highlights the potential risks posed by petroleum contamination in aquatic environments. Further 
research could investigate the long-term effects of such pollution and explore mitigation strategies to 
protect aquatic life. Continuous monitoring of water quality in areas prone to oil spills and drilling 
activities is essential to prevent significant ecological damage (Adams et al., 2019).

The 96-hour LC50 value for C. gariepinus at a log concentration of 1.08 supports the toxic potential of 
kerosene on this species. The significant difference in mortality rates across the concentrations, as 
revealed by ANOVA, further underscores the importance of kerosene concentration in determining 
the survival of juveniles. Similar studies on other fish species have found varying LC50 values 
depending on the type and concentration of petroleum products, highlighting the need for species-
specific toxicity assessments (Capps et al., 2017).

The 96-hour LC50 for C. gariepinus was determined to be at a log concentration of 1.08, indicating the 
concentration at which 50% of the test organisms were killed by kerosene after 96 hours of exposure. Analysis 
of variance (ANOVA) revealed a significant difference (p < 0.05) in the mortality rate of juveniles across the 
five concentrations, indicating that kerosene concentration significantly affected fish survival.
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Kerosene oil is toxic to juveniles of Clarias gariepinus. Exposure to sub-lethal concentrations of 
kerosene under laboratory conditions negatively affected the welfare of the fish, leading to significant 
behavioral changes. Prolonged exposure to high concentrations of kerosene could have severe long-
term impacts on the population, potentially contributing to the gradual decline or extinction of the 
species over time.
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The escalating contamination of the environment by toxic substances is of growing global concern 
especially in Nigeria (Omole, 2017). The concern about heavy metals stems from their accumulation in 
the environment as they are not easily degraded through biological or chemical means unlike most organic 
pollutants (Sabo et al., 2013). The term heavy metal refers to metallic chemical elements that have 
relatively high density and are toxic or poisonous at low concentrations. They are natural components of 
the earth's crust which would mainly include the transition metals, some metalloids, lanthanides and 
actinides (Nwankwoala and Ekpewerechi, 2017). The eight most common heavy metals listed by the 
Environment Protection Agency (EPA) are: Arsenic (As), Cadmium (Cd), Chromium (Cr), Copper (Cu), 
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ABSTRACT
The study assessed the levels of selected heavy metals in surface 
water and Chrysichthys nigrodigitatus from Calabar River in Cross 
River State. Ten surface water samples and sixteen fish samples were 
collected for six months across five stations and analyzed for metals 
and physicochemical parameters using spectrophotometer. Result 
showed that mean weight and length of the catfish samples collected 
during dry season were 290.78±5.64g and 31.23±3.16cm and wet 
season were 304.64±6.25g and 31.58±2.01 cm respectively. pH and 
temperature during dry season were 6.96±0.01 and 26.82±0.5°C 
and wet season were 6.38±0.02 and 27.12±0.5°C respectively. 
Mean values of metals in water samples during dry and rainy seasons 
were: Pb (2.440mg/L, 0.880mg/L), Ni (0.014mg/L, 1.31Omg/L), 
Cr (0.0012mg/L, 0.00062mg) and Cd (0.00018mg/L, 
0.00160mg/L) respectively. Similarly, values of metals recorded in 
fish samples during the dry and rainy seasons were: Pb (10.513 
mg/kg, 3.488 mg/kg), Ni (8. 844mg/kg, 3.293 'mg/kg), Cr (7.519 
mg/kg, 0.650 mg/kg) and Cd (1.638 mg/kg, 0.669 mg/kg) 
respectively. There was seasonal difference (p<0.05) in the 
proportion of the heavy metals, pH and temperature. There was also 
significant association (p<0.05) between heavy metals and 
physicochemical parameters. The concentrations of Pb and Ni were 
higher than the recommended safe limits for drinking water.
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Mercury (Hg), Nickel (Ni), Lead (Pb), Zinc (Zn) (Oronsaye et al., 2010). 
Among animal species, fishes are the inhabitants that cannot escape from the detrimental effects of 
heavy metals (Agatha, 2010). Fishes are at the apex of the aquatic food chain and can bioaccumulate 
some of these substances into their tissues (Olaifa et al., 2014). Fish have been considered as one of the 
most significant indicators in water systems for the estimation of metal pollution level (Oguzie and 
Izevbigie, 2019). The transfer factor of heavy metals in fish organs such as gills, liver, muscles and scales 
in respect to water and sediments, has been studied to give information on how these metals are 
transferred to fish from aquatic ecosystem (Authman and Abbas, 2017).
The Calabar River is of great importance to inhabitants of the coastal region through which it flows. 
The inhabitants of these coastal communities rely mainly on the river for their domestic water supply, 
fishing, sand mining and inter-village transportation (Offiong et al., 2012). The Calabar River is 
bordered by the Calabar Port Authority, residential, agricultural and mangrove land-use. Although, the 
Calabar Port ecosystem contributes immensely to the economic development and environmental 
security of the state and country as a whole; the presence of industries and increasing urbanization in 
the area are immensely affecting the Calabar River (Offiong et al., 2012). 

Water Sample Collection

Wet Digestion of Fish Sample

Fish Sample Collection

Fish Sample Preparation
In the laboratory (Institute of Oceanography Centre laboratory, University of Calabar, Calabar) the 
collected fishes were brought out of the closed ice-chest to allow them to thaw at room temperature. 
Each fish sample was properly washed with distilled water and labeled accordingly. Total body length 
was determined using a measuring board and recorded to the nearest 0.l cm while weight was 
determined using a top loader (Mettler, P. E. 230) and recorded to the nearest 0.l g respectively. The 
fish samples were dissected into gills and muscle, using stainless steel dissecting instruments, while 
wearing surgical gloves.  After dissection, all tissue samples were separately oven-dried at 100°C for 48 
hours to ensure that all the water content was removed to get a constant weight. Each sample was 
homogenized using clean porcelain mortar and pestle and stored at a temperature of -10°C.

MATERIALS AND METHODS

A total of 16 Chrysichthys nigrodigitatus (Silver catfish) samples were collected from commercial 
catches made by local fishermen at the landing site for 6 months from November 2022 to April 2023, 
covering both wet and dry season. The fish samples were immediately place in clean plastic bags, kept 
on ice in a closed ice-chest, and transferred to the laboratory.

Ten surface water samples were collected for six months (November 2022 to April 2023) within the 
industrial distance area of 16,704.3 meters seaward (author field survey) that is, from Adiabo bridge 
head to Esuk. Samples were representation of the whole water body.

Exactly l.0g of each homogenized fish sample was weighed. The digestion of the homogenized fish 
sample followed the method described by Authman and Abbas (2017). Briefly, 2ml of distilled water, 
5ml nitric acid, and 3ml sulphuric acid were added to the sample, followed by heating on a heating 
mantle at 85°C for 30 min. Complete digestion was ascertained when the solution turns into a clear 
light yellow. The solution was allowed to cool at room temperature. The sample solution was then pass 
through a Whatman 0.45um paper filter into a 100ml volumetric flask, and the filtrate diluted with 
distilled water to the 50ml mark. 
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Water digestion was carried out according to the method described by Omole, (2017). 2ml of water 
sample was digested using 1Sml concentrated nitric acid (HNO) in a 250ml conical flask. The mixture 
was heated over an electric hot plate at a temperature of between 200°C and 250°C under a hood until 
the volume was reduced to 5ml. The digest was stored the same way as the fish digest.

Statistical Analysis

Determination of Heavy Metal Concentration in Standard and Sample Solutions

RESULTS
The study revealed that the mean weight and length of catfish samples collected during the dry season 
were 290.78 ± 5.64 g and 31.23 ± 3.16 cm, respectively. In contrast, the mean weight and length 
during the wet season were slightly higher at 304.64 ± 6.25 g and 31.58 ± 2.01 cm, respectively. The 
physicochemical parameters measured showed that pH and temperature during the dry season 
averaged 6.96 ± 0.01 and 26.82 ± 0.5°C, while during the wet season, the averages were 6.38 ± 0.02 
and 27.12 ± 0.5°C, respectively (Table 1).

The data obtained from the experiments were statistically analyzed for mean and standard deviation 
among the various samples in triplicates. The independent t-test was used to determine significance 
difference between mean concentration of heavy metal in dry and rainy seasons. Correlation among 
physicochemical parameters and heavy metals was done using Pearson's correlation matric. All analyses 
were done using the software, IBM SPSS Statistics, version 20 at the p<0.05 level of significance.

Table 1: Average Levels of Physicochemical Parameters and Heavy Metals in Water and Fish Samples

Digestion of Water Sample

Heavy metals determination in samples were performed using the Perkin Elmer® Analyst 400 atomic 
absorption with wavelengths set at: 228.9nm (Cd), 357.9 nm (Cr), 279.5nm (Mn), 232.0 nm (Ni), 
232.0 nm (Pb) and 213.9nm (Zn). All the samples were run in triplicates. The analysis of the standard, 
reagent blanks and replicates were run in the same way.

Parameter Dry Season Rainy Season WHO Permissible Levels

pH 6.96 6.38 6.5 - 8.5

Temperature (°C) 26.82 27.12 25.0 - 30.0

Lead (Pb) in Water (mg/L) 2.440 0.880 0.01 

Nickel (Ni) in Water (mg/L) 0.014 1.310 0.07 

Chromium (Cr) in Water (mg/L) 0.0012 0.00062 0.05 

Cadmium (Cd) in Water (mg/L) 0.00018 0.00160 0.003 

Lead (Pb) in Fish (mg/kg) 10.513 3.488 0.3 

Nickel (Ni) in Fish (mg/kg) 8.844 3.293 0.5 

Chromium (Cr) in Fish (mg/kg) 7.519 0.650 0.1 

Cadmium (Cd) in Fish (mg/kg) 1.638 0.669 0.05 

Heavy metal concentrations in water samples varied significantly between seasons. During the dry 
season, the mean levels of lead (Pb), nickel (Ni), chromium (Cr), and cadmium (Cd) were 2.440 
mg/L, 0.014 mg/L, 0.0012 mg/L, and 0.00018 mg/L, respectively. In comparison, the rainy season 
showed reduced concentrations for Pb (0.880 mg/L) and Cr (0.00062 mg/L) but elevated levels of Ni 
(1.310 mg/L) and Cd (0.00160 mg/L). Similarly, the concentrations of these metals in the fish samples 
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Statistical analysis revealed significant seasonal differences (p<0.05) in the levels of heavy metals, pH, 
and temperature. Furthermore, a strong association (p<0.05) was observed between heavy metal 
concentrations and the physicochemical parameters of the water. Notably, the concentrations of Pb 
and Ni in the water samples exceeded the recommended safe limits for drinking water, indicating 
potential environmental and health risks.

reflected seasonal differences. The dry season recorded higher metal accumulation in fish tissues, with 
Pb at 10.513 mg/kg, Ni at 8.844 mg/kg, Cr at 7.519 mg/kg, and Cd at 1.638 mg/kg. During the rainy 
season, these values were notably lower for Pb (3.488 mg/kg), Ni (3.293 mg/kg), Cr (0.650 mg/kg), 
and Cd (0.669 mg/kg).

 Forcados River. Journal of Applied Environmental and Biological Sciences, 1, 44 - 47
Agatha, A.N. (2010) Levels of Some Heavy Metals in Tissues of Bonga Fish, Ethmalosa fimbriata from 
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Water is a vital renewable resource, essential for sustaining life, food production, economic development, 
and general well-being. Its unique role in supporting human and ecological systems makes it irreplaceable 
for most uses, challenging to purify once polluted, and expensive to transport (Singh and Gupta, 2016). 
Surface and groundwater resources play critical roles in agriculture, power generation, livestock 
production, industrial processes, forestry, fisheries, navigation, and recreational activities. Freshwater 

5
ecosystems, which account for only about 0.5% of the Earth's surface and a volume of 2.84 × 10  km³, are 
invaluable yet highly vulnerable to degradation (Singh and Gupta, 2016).

 sylviaabba60@gmail.com, 

INTRODUCTION

In recent years, the quality of freshwater resources, including River Chanchaga in Niger State, has been 
under increasing pressure from anthropogenic activities. Pollution from industrial discharge, 
agricultural runoff, domestic waste, and other human activities has led to the increase of heavy metals 

The study investigated heavy metal bioaccumulation in water, 
sediments, and commercially important fish species in River 
Chanchaga, Niger State, Nigeria. Sampling was conducted monthly 
from January to June 2024 at five stations along the river, with each 
sample triplicated. Water parameters measured included 
temperature, dissolved oxygen, pH, total alkalinity, conductivity, 
biochemical oxygen demand (BOD), calcium, magnesium, 
phosphate, and nitrate, analyzed using standard methods. Sediments 
were collected using an Eckman grab, while fish samples (Clarias 
gariepinus and Oreochromis niloticus) were transported to the 
laboratory in ice. Fish muscle and sediment samples underwent acid 
digestion and were analyzed for heavy metals using an Atomic 
Absorption Spectrophotometer. Data were statistically analyzed 
using SPSS and One-Way ANOVA with significance set at 
p<0.05.Results showed the highest concentration of metals in all 
stages (water and sediments) were zinc, chromium and corper. This 
was probably due to the sources of pollution . Most physical and 
chemical parameters were within WHO standards for fish survival, 
with exceptions for temperature and BOD. Significant differences 
were observed for Cd, Cu, Pb, Zn, Ni, and Cr levels in fish species. 
The findings highlight critical implications for environmental 
monitoring and sustainable fisheries in River Chanchaga.

ABSTRACT

Keywords: 
Heavy metal,
Bioaccumulation,
Sediments, River, Fish
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This study is therefore  critical for understanding the environmental health of River Chanchaga, as it 
serves as a vital source of water for agriculture, fishing, and domestic use. Assessing heavy metal 
bioaccumulation in the river's water, sediments, and fish is essential for determining it's  safety for 
human consumption and aquatic life. The findings will provide valuable data for policymakers, 
enabling the development of strategies for sustainable management and pollution control in freshwater 
ecosystems.

 evaluate the bioaccumulation of heavy metals in fish. 

in water bodies. These pollutants not only degrade water quality but also pose significant risks to 
aquatic ecosystems and human health. Despite the importance of the river for local communities, 
there is limited data on the extent of heavy metal contamination and its impacts on the river's 
biodiversity and the safety of its aquatic resources.

The objectives of this study are: To determine the physical and chemical parameters of water in River 
Chanchaga, to analyze heavy metal concentrations in water, sediment, and fish species and to

Study Area and Site Selection
The study was carried out in River Chanchaga located in the southern parts of Minna metropolis with 
Latitude: 9.6140° N, Longitude: 6.5478° E . The area has a tropical climatic condition with mean 
annual temperature, relative humidity and rainfall of 20-30oC, 61% and 1334 cm respectively. The 
climate presents two separate seasons: raining season between May and October and dry season 
between November and April each year. The vegetation is a typical Guinea Savannah type consisting 
majorly of grassland with scattered trees (Omalu et al., 2017).
The study selected five (5) sampling stations as station I, II, III, IV and V along the river basin.

MATERIALS AND METHODS

Station 5: Gidan Ponpo, a settlement around Gidan Kwano where farming activities takes place.

Water, sediment, and fish samples were collected from five stations along River Chanchaga over six 
months. Water sampling was done according to the procedure described by Ndimele and Kumolu-
Johnson (2012). Water samples from all five (5) sampling stations was collected at a depth of about 
0.3m below water surface into 500 ml plastic bottles. Sediment samples was taken from the bottom 
surface (1-2 cm thick) using an Eckman grab according to Osman and Kloas (2010). Fish samples 
(Clarias gariepinus and Oreochromis niloticus) were caught using gill nets, stored in ice boxes, and 
transported to the laboratory for analysis.
Heavy Metal Analysis

Station 2: Gidan Waya located along River Kaduna. Washing and farming activities are carried out 
around this water body.

The fish muscle and sediment samples were acid-digested and analyzed for heavy metals, including 
cadmium (Cd), copper (Cu), lead (Pb), zinc (Zn), nickel (Ni), and chromium (Cr), using Atomic 
Absorption Spectrophotometer (AAS). The physico-chemical parameters of the water, such as 
temperature, pH, dissolved oxygen (DO), biochemical oxygen demand (BOD), and nitrates, were 
measured using standard methods.

Sample Collection

Data were analyzed using SPSS software, and significance was established at p<0.05 using one-way 

Station 3: located behind Niger State Water Board. Discharge of waste materials from industrial 
companies are done around this station.

Station 1: A village along River Kaduna in Niger State where sand packing, domestic and farming 
activities are done around the water body.

Station 4: Chanchaga River along Lapai Gwari Fish Farm. Farming and domestic activities takes place 
around the water body.

Statistical Analysis
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Fish Tissues: Clarias gariepinus and Oreochromis niloticus showed significant bioaccumulation of Zn 
and Pb. This finding aligns with their trophic positions and feeding behaviors, which make them more 
susceptible to heavy metal uptake. The bioaccumulation of non-essential metals like Pb raises concerns 
about their consumption safety.

Table 1 and 2  presents the concentrations of heavy metals (Cd, Pb, Zn, etc.) in water and sediment 
samples respectively  from the study sites. These values highlight significant spatial differences, 
particularly in areas influenced by industrial discharge and agricultural runoff.
The results in Table 3 illustrate the bioaccumulation of heavy metals in Clarias gariepinus and 
Oreochromis niloticus. Elevated levels of Zn and Pb in fish tissues, especially in Station 3, underscore the 
potential health risks associated with fish consumption from this river.The concentration of heavy metals 
varied significantly across the stations and between sample types (water, sediment, and fish tissues).

Analysis of Variance (ANOVA).

RESULTS AND DISCUSSION

Water and Sediment: Heavy metals such as Cd, Pb, and Zn exceeded permissible limits in certain 
stations, particularly those near industrial and farming zones. For instance, high levels of Cd and Pb in 
sediment from Station 3 suggest contamination from industrial discharges.

Finally, the results showed the highest concentration of metals in all stages (water and sediments) were 
zinc, chromium and corper. This was probably due to the sources of pollution (sewage, and the use of 
toxic chemicals around the station) which had high levels of these metals. There might be some 
contribution from the geology of the region, which might contain naturally higher concentrations of 
these metals (Algül and Beyhan, 2020). 

CONCLUSION
The study highlights the bioaccumulation of heavy metals in water, sediments, and fish from River 
Chanchaga, with concentrations of cadmium, lead, and zinc exceeding regulatory limits in some areas. 
These pollutants pose serious health risks to both aquatic life and humans consuming fish from the 
river. It is critical to enforce regulations on waste disposal and industrial discharges to protect the 
ecosystem and public health.

Table I: Heavy Metals Concentration of Water in Stations of River Chanchaga

PARAMETERS
STATION 

1
STATION 

2
STATION 

3
STATION 

4
STATION 

5

Zn (mg/L) 0.14±0.04b 0.14±0.04b 0.14±0.04b 0.14±0.04b 0.14±0.04b

Ni (mg/L) 0.01±0.01a 0.01±0.01a 0.01±0.01a 0.01±0.01a 0.00±0.01a

Cu (mg/L) 0.08±0.06ab 0.07±0.05b 0.12±0.08a 0.08±0.06ab 0.10±0.05ab

Pb (mg/L) 0.02±0.03a 0.01±0.02ab 0.01±0.01ab 0.01±0.01ab 0.00±0.00b

Cr (mg/L) 0.08±0.06ab 0.04±0.03b 0.06±0.05ab 0.08±0.04a 0.08±0.08ab

Cd (mg/L) 0.01±0.01b 0.01±0.01b 0.01±0.01b 0.01±0.01b 0.12±0.47a

Mean values in the same row followed by the same superscript are not significantly different (P>0.05)
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Table II:  Heavy Metals Concentration in Sediments of River Chanchaga  

Mean values in the same row followed by the same superscript are not significantly different (P>0.05)

PARAMETERS STATION 1 STATION 2 STATION 3 STATION 4 STATION 5

Zn (mg/kg)

 

56.80±14.18c

 

59.53±7.24c

 

84.47±33.17a

 

63.00±29.12b

 

68.40±26.18b

 
Ni (mg/kg) 4.33±1.66b 3.37±1.45b 8.40±1.67a 4.83±1.92b 5.03±1.45b

Cu (mg/kg)

 

18.93±6.12b

 

17.67±5.25b

 

30.17±8.60a

 

20.00±8.85b

 

21.50±9.78ab

Pb (mg/kg)

 

1.20±0.91b

 

0.93±0.52b

 

2.73±1.08a

 

1.70±1.16ab

 

1.60±0.59b

 
Cr (mg/kg)

 

27.57±12.75b

 

22.27±7.93c

 

35.80±22.07a

 

29.20±13.14b

 

23.50±10.47c

 Cd (mg/kg) 11.23±6.48b 7.30±2.75b 16.30±8.54a 12.17±10.33ab 11.37±7.91b

Table IIIa: Concentration of Heavy Metals in CatFish muscles of river Chanchaga  

PARAMETERS
STATION 

1
STATION 

2
STATION 

3
STATION 

4
STATION 

5

Zn (mg/kg) 19.63±4.69a 18.89±4.93a 20.52±5.09a 21.10±2.77a 19.87±4.38a

Ni (mg/kg) 0.74±0.36b 1.21±1.13ab 2.37±2.29a 1.07±0.88ab 0.57±0.21b

Cu (mg/kg) 0.25±0.04a 0.18±0.11ab 0.11±0.05b 0.03±0.05c 0.11±0.04b

Pb (mg/kg) 0.07±0.06b 0.14±0.02a 0.11±0.03ab 0.14±0.07a 0.06±0.03b

Cr (mg/kg) 0.70±0.11ab 0.76±0.32ab 0.48±0.06bc 0.81±0.38a 0.31±0.06c

Cd (mg/kg) 0.04±0.04a 0.05±0.02a 0.02±0.02a 0.03±0.03a 0.03±0.05a

Mean values in the same row followed by the same superscript are not significantly different (P>0.05)

Table 111b: Concentration of Heavy Metals in Tilapia muscles of river Chanchaga

Mean values in the same row followed by the same superscript are not significantly different (P>0.05)

PARAMETERS  
STATION 

1

 

STATION 
2

 

STATION 
3

 

STATION 
4

 

STATION 
5

 

Zn (mg/kg) 17.41±2.38a 18.18±2.36a 17.75±2.20a 18.82±2.45a 19.34±2.33a 

Ni (mg/kg) 0.75±0.42a 1.22±1.04a 1.04±1.20a 1.24±2.02a 0.73±0.37a 

Cu (mg/kg)

 

0.06±0.06b 0.09±0.06ab 0.15±0.07a 0.09±0.04ab 0.11±0.02ab 

Pb (mg/kg) 0.04±0.03b 0.09±0.06ab 0.13±0.07a 0.13±0.07a 0.11±0.06ab 

Cr (mg/kg) 0.33±0.12b 0.55±0.30a 0.54±0.21a 0.49±0.18a 0.36±0.10b 

Cd (mg/kg) 0.03±0.02b 0.05±0.02ab 0.08±0.05a 0.03±0.02b 0.04±0.02b 
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PRODUCTION OF BACTERIAL ISOLATES FOR USE IN HEAVY 
METALS BIOSORPTION IN POLLUTED WATER BODIES.

Heavy metals bioaccumulate in fish tissues and over time leads to the suppression of fish immunity 
hence allowing normal flora to cause ulceration and possible septicaemia (Mutuku, 2010). Heavy 
metals are known to reduced growth rate in fishes, delayed embryonic development, change in 
biochemistry such as enzyme activity and blood chemistry, changes in reproduction (Bio-ellite, 2000). 
Lead (Pb) ions combine with mucus on the gills of fish and this interferes with its respiration, causing 
death due to suffocation. It is also reported that prolonged exposure of fish to lead causes damage to 
the liver, spleen and blood (Dawson, 1985). High concentrations of chromium in surface waters, can 
damage the gills of fish (Abioye et al., 2015). The toxic inorganic form causes damage in the liver and 
other internal tissues of fish (WHO, 2008b).
The quality of surface water (including fish ponds) in present day has been greatly affected due to 
overexploitation of resources, urbanization and improper waste disposal practices (Ojutiku et al., 2013). 
Biosorption is the use of biological materials as sorbents for the uptake of metal ions from aqueous 
solutions. This process utilizes inexpensive biomass for selective sequestration of toxic heavy metals and is 
particularly useful for the removal of heavy metal contaminants from water and sediments. 

INTRODUCTION
Heavy metal pollution in aquatic environment is of major concern on a world scale because they are 
indestructible and most of them have toxic effects on both aquatic lives and man that consume them (ÖztÜrk 
et al., 2009). Heavy metal damages the kidney, testicular tissue and central nervous system in man especially 
among children. It also causes lung cancer, ulcer and liver damage in man (Etim et al., 2013). 

ABSTRACT
Heavy metal pollution in aquatic environment is a major concern on a 
world scale because of its toxic effects on both aquatic lives and man 
consume them. The used of bacterial isolates as biosorbents for the 
removal or sequestration of these heavy metals from polluted water 
body is therefore imperative. Bacterial isolates were screened for 
biosorption potentials. Bacillus pumilus and Macrococcus 
equipercicus were identified and used for the removal of lead (Pb) 
and Chromium (Cr) in polluted pond water. Percentage removal of 
lead by Bacillus pumilus were 97.3%, 98.1% and 97.1% for stations 1, 
2, and 3 respectively while removal of chromium were 76.2%, 76.6% 
and 71.4% for stations 1, 2, and 3 respectively. Percentage removal of 
lead by Macrococcus equipercicus were 9.4%, 9.5% and 7.6% for 
station 1, 2 and 3 respectively while removal of Chromium were 
76.8%, 76.4% and 76.3% for stations 1, 2 and 3 respectively. Bacillus 
pumilus has high biosorption capacity for lead hence can be used as a 
bacterium of choice for removal of lead in lead polluted aquatic 
environment.   

Keywords:
Bacterial Isolates,
Heavy metals,
Biosorption, Inoculum
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MATERIALS AND METHOD

Bacterial Identification 

Molecular characterization of bacterial isolates was carried out using molecular technique (Luo et al., 
2017). The use of 16S-rDNA identification has become more acceptable due to its greater degree of 
accuracy and specificity. 

Water samples were collected from each sample stations of the ponds. One litre capacity polyethylee 
sampling bottles were used to collect the water samples at each sampling station.  Samples were 
acidified with 2 cm3 of 10 % HNO3. This was placed in an ice box in order to stabilize the metal ions 

Primary isolation was carried out following standard procedures of Bergey's Manual of Systematic 
Bacteriology (Krieg and Holt, 1994) and Cheesbrough (2000). Water samples were inoculated into 
Nutrient agar, MacConkey agar, Eosin Methylene blue agar, Thiosulfate Citrate Bile Salt Sucrose agar 
and incubated at 37 oC for 24 hours using Thermo scientific incubator, 51028063, USA. Pure colonies 
were sub-cultured into nutrient agar slants and stored in the refrigerator for further tests.  

This study is aimed at production of different bacterial isolates which will be used for heavy metal 
removal in polluted water body.

Collection of water samples for bacteriological analyses
Water samples were collected from five (5) different sampling stations in Jebba Lake where mining 
activities is being carried out. This was carried out in the month of August, 2023. With the help of a 
boat, water samples were collected at 150 m away from the bank and at a depth of 30 cm below the 
surface using van-dorn water sampler. The water was collected directly into 250 ml sterilized plastic 
bottles and corked as described by the American Public Health Association (APHA, 1985). The bottle 
containing each water sample was labeled and stored in portable ice box at temperature of not more 
than 5oC so as to stop or reduce microbial activity. These samples were transported to microbiology 
laboratory at National Institute for Freshwater Fisheries Research, New Bussa, Niger State for 
preliminary analyses.

Biochemical analysis of the bacterial isolates was also carried out using microbact identification kits.

Screening of isolates for metal biosorption potential were carried out by well diffusion method, using 
nutrient agar (Abioye et al. 2018). Three (3) ppm of each heavy metal (lead, chromium) was prepared 
and the metal pH solution was adjusted to 7.0. Nutrient agar were sterilized using autoclave at 121oC 
for 15 minutes, poured into petri dishes and allowed to solidify. With the help of a sterilized cork borer 
of 5.0 mm diameter, a well was made on the media. The test organisms were inoculated and spread 
using sterilized bent glass rod as previously carried out by Abioye et al. (2018).  One millilitre (1 ml) of 
3ppm heavy metal was inoculated into the well and the plate was incubated at 37oC + 2oC for 24 
hours. Development or presence of bacterial colonies around the well is an indication of its ability to 
tolerate the heavy metal hence its affinity. Zone of clearance is an indication that the test organism 
cannot tolerate the heavy metal, hence cannot grow in presence of the heavy metal.

Preparation of inoculum/ biosorption
Five hundred milliliters (500.0 ml) of sterilized distilled water was measured each into two conical 
flask and 6.5g of nutrient broth each was added. This was sterilized at 121oC for 15 minutes and 
allowed to cool.

Screening of Isolates for Biosorption Potentials

A sterilized inoculation loop was used to pick isolates of Bacillus pumilus and Macrococcus equipercicus 
from a petri dish and these were inoculated each into the nutrient broth to obtain a homogenous 
bacterial suspension in the flask. These were incubated at 35oC ± 2oC for 24 hours to obtain the 
inoculum. Five hundred milliliters of the inoculum each (2.0 x109 CFU/ml) was added to water in an 
abandon fish pond to undertake biosorption.
Collection and digestion of water samples for determination of heavy metals

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

144



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

and prevent volatility of the constituents (APHA, 1992). This was transported to the laboratory and 
digested according to APHA (2005).

RESULTS AND DISCUSSION

Table 1:  Biosorption of Heavy Metals by Bacillus pumilus from  experimental pond A

After digestion, the filtrate of each sample was analyzed using atomic absorption spectrophotometer 
(PG instrument model, AA500 Spectrophotometer, UK). These determinations after initials, were 
carried out at 7 days interval for a period of 28 days (7th, 14th, 21st and 28th) according to the method 
of Abioye et al. (2015).

Determination of heavy metals

Percentage removal (% R) of heavy metal was calculated using: 

Biosorption of heavy metals by Bacillus pumilus from experimental pond A

Where C1 = Initial concentration, C2 = Final concentration, R (%) = Percentage removal.

Biosorption of heavy metals by Bacillus pumilus shows a significant removal of lead (Table 1). 
Percentage removal of lead by Bacillus pumilus were higher (97.3%, 98.1% and 97.1% for stations 1, 2, 
and 3 respectively) when compared to that of chromium (76.2%, 76.6% and 71.4% for stations 1, 2, 
and 3 respectively).  This result agrees with the findings of Abioye et al. (2018), where Bacillus species 
had higher uptake level of lead in tannery effluent compared to uptake of chromium.

Analysis of data

Bacillus species secretes hydrolytic enzymes, which are capable of tolerating heavy metals (Abioye et 
al., 2018), this may be the reason for high biosorption.  This study revealed that Bacillus pumilus has 
effectively carried out biosorption/removal of lead, this may also be due to the fact that it is a gram 
positive bacteria with techoic acid as source of carbxyl groups which are main agents in heavy metal 
uptake. Though the biosorption of chromium by Bacillus pumilus was also high within one month, the 
concentration is still above maximum permissible limit of 0.05Mg/L (FEPA, 2003).

R(%)
C1 − C2

C1
X 100

St 1 St 2 St 3 St 1 St 2 St 3

1 1.314 2.377 0.648 0.256 0.303 0.021

7 1.086 1.487 0.230 0.130 0.162 0.016

14 0.706 0.825 0.060 0.084 0.098 0.009

21 0.068 0.092 0.031 0.072 0.086 0.006

28 0.036 0.046 0.019 0.061 0.071 0.006

% R 97.3 98.1 97.1 76.2 76.6 71.4

Time(Day) Pb(ppm) Cr(ppm)

Biosorption of heavy metals by Macrococcus equipercicus from experimental pond B

         St1= Station 1, St 2= Station 2, St 3= Station 3

Biosorption of heavy metals by Macrococcus equipercicus shows a high removal of chromium (Table 2). 
The removal rate of chromium was much higher (76.8%, 76.4% and 76.3%) for stations 1, 2 and 3 

Key: ppm = part per million,  % R = Percentage removal of heavy metal,  Pb = Lead,  Cr = Chromium, 
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respectively compared to lead (9.4%, 9.5% and 7.6%) for stations 1, 2 and 3 respectively. This result 
demonstrates high selectivity/affinity of the bacteria to chromium. Macrococcus equipercicus, though 
a gram positive bacteria has very low affinity for lead

Table 2:  Biosorption of Heavy Metals by Macrococcus equipercicus from  experimental pond B
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 St 1 St 2 St 3 St 1 St 2 St 3

1 1.806 1.907 1.848 0.654 0.660 0.718

7 1. 798 1.807 1.810 0.368 0.370 0.380

14 1. 702 1.752 1.748 0.253 0.250 0.240

21 1. 684 1.732 1.714 0.185 0.200 0.210

28 1.636 1.726 1.708 0.152 0.156 0.170

% R 9.4 9.5 7.6 76.8 76.4 76.3

Time(Day) Pb(ppm) Cr(ppm)

Key: ppm = part per million,  % R = Percentage removal of heavy metal,  Pb = Lead,  Cr = Chromium
          St1= Station 1, St 2= Station 2, St 3= Station 3

Plate I: Affinity for Chromium (Cr) Plate II: Affinity for Lead (Pb)

Table 3:  Bacteria Screened for Biosorption Potentials

S/N Bacteria Pb Cr
1 Bacillus pumilus - -

2 Enterobacter cloacae + +

3 Escherichia coli - +

4 Macrococcus equipercicus + -

5 Aeromonas enteropelogenes + +

Key: - = Not Sensitive/ Ability to tolerate heavy metal hence development of bacterial colony 
          + = Sensitive/ Inability to tolerate heavy metal hence no development of bacterial colony

CONCLUSION AND RECOMMENDATION
The bacteria Bacillus pumilus has high biosorption capacity for lead compared to chromium. 
Macrococcus equipercicus is selective for chromium compared to lead. Though the screening on 
biosorption showed that Escherichia coli had the potential for uptake of lead, it could not be used for 
fear of been opportunistic. It can be concluded that Bacillus pumilus can be used for removal of lead in 
lead polluted aquatic environment.
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Introduction of pesticide into water affects the physiology of non-target aquatic organisms including 
fish Type 1 and 11 pyrethroids inhibit the sodium channels of nerve filaments. Type 11 pyrethroids 
inhibits the gamma aminobuttyric acid (GABA) receptors of the nerve filaments and affects the 
calcium and chloride channels (Bradbury and Coats 1989; Hayes, 1994; Burr and Ray, 2000; 
Svobodova et al., 2003). 

INTRODUCTION
Pyrethroids are synthetic forms of pyrethrins extracted from species of chrysantemum.  Pyrethroids 
are groups of insecticides use for control of insects. Excessive application of pesticides on farmlands 
enters into water body through surface runoff, accidental spillage from tanks during transportation, 
atmospheric precipitation and sometimes through direct application into water during pest control 
programs.

Borges et al. (2007) observed increased levels of sodium (Na+), potassium (K+), magnesium 
(Mg2+), phosphorus (P), Urea, glucose, cholesterol, creatinine, aspartate aminotransferase (AST) 

ABSTRACT
This study aimed to determine the growth and nutrient utilization 
parameters of Oreochromis niloticus exposed to cypermethrin.  
Juveniles were exposed in aquaria of 20 litres capacity containing 
0.0005, 0.0011, and 0.0021 mg/l sub lethal concentrations of 
cypermethrin in flow-through bioassay.  The final mean weight for 
control was 21.33 g, while the exposed group had 20.03 g, 15.60 g, 
and 13.23 g for 0.0005, 0.0011 and 0.0021mg/l sub lethal 
concentrations respectively.  WG and SGR were significantly lower 
(p < 0.05) and dose dependent compared with the control fish. In 
flow through bioassay, feed conversion ratio (FCR) of the exposed 
fish increased significantly (p < 0.05) as the concentration of the 
toxicant increases. Gross feed conversion efficiency (GFCE), feed 
efficiency (FE) and nitrogen metabolism (NM) of the control fish 
increased significantly (p < 0.05) than those fish exposed to 0.0011 
and 0.0021 mg/l concentrations of cypermethrin. Cypermethrin 
adversely affected the growth and nutrient utilization of 
Oreochromis niloticus. Farmers are therefore advice to avoid the 
application of this pesticide near or into water bodies.

Keywords:
Cypermethrin, Oreochromis
niloticus,growth, flow through
bioassay. Nutrient Utilization 
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and alkaline phosphatase (ALP) and decreased levels of total protein, triglyceride and ALT in silver 
carp exposed to cypermethrin. . Reduced levels of free amino acids with increased AST, alanine 
aminotransferase (ALT) and glutamate dehydrogenase (GDH) were as a result of decreased 
catabolism in fish (Kumar et al., 2011).  The change in the external environment of fish affects the 
physiology and overall health status of fish as a result of their relationship with energetic (haemoglobin 
level), and defense mechanism (leucocyte level) as a measure of health status of fish, which overtime 
manifest into changes in weight. Yaji and Auta, 2007 reported a significant reduction in weight gain, 
specific growth rate, gross feed conversion efficiency, feed efficiency, protein efficiency ratio and 
nitrogen metabolism in Clarias gariepinus exposed to sub lethal concentrations of monochrotophos. 
Exposure of Oreochromis niloticus to sub lethal concentrations of cypermethrin induced a reduction in 
weight gain, specific growth rate and protein efficiency ratio (Rajib and Anilava. 2017).

MATERIALS AND METHODS

Contamination of environment by pesticides is a problem of worldwide concern. Therefore, data on 
pesticide toxicity on fish is important for the assessment of the safety for man and level of 
environmental contamination. There are dearth information on the effects of pesticides on Nigerian 
fish species.  This research investigated the effects of sublethal concentrations of cypermethrin on 
growth and nutrient utilization of Oreochromis niloticus in static and flow-through bioassays.

Collection and maintenance of test organisms
Juveniles of Oreochromis niloticus of mixed sexes and fairly uniform size were obtained from Bagauda 
fish farm in Kano and transported in plastic containers to the laboratory in the Department of 
Biological Sciences, Ahmadu Bello University (ABU), Zaria. In the laboratory, the water from the farm 
was gradually replaced with dechlorinated tap water and acclimatized for two weeks. The natural day 
and night photoperiods was maintained. During the time of acclimatization, the fish were fed with 
commercial feeds (coppens) three times a day at 9.00 am 1.00 pm and 7.00 pm.

Experimental Design for Flow through Bioassay

Healthy fish were randomly selected, weighed and distributed into twelve (12) glass aquaria with 
dimensions; 30..5 x 30.5 x 46.25cm, each containing 20 litres of dechlorinated water. Ten Oreochromis 
niloticus (18.87 g and 9.1 cm mean weight and length) regardless of sex were randomly sorted into 
each aquarium. The experiment was replicated three times including the control.

The system set-up consists of the delivery and test tanks as prescribed in (EPA, 1996) and (OECD, 
1992) guidelines for acute toxicity tests with fish. Healthy juveniles of Oreochromis niloticus of 
uniform weight and size (18.83 g and 8.9 cm mean weight and length) were randomly sorted and 
distributed into the test tanks. Ten fish were distributed into each test tank including the control and 
the experiment was replicated three times. Flow rate was controlled to allow continuous flow of sub 
lethal concentrations of the toxicant from the delivery tanks into the test tanks at 4 L/hour.

Experimental Design for Static Bioassay

The 96 hour LC50 value as described by Yaji et al., (2011) was divided by 1/5, 1/10, 1/20, to 
determine sub-lethal concentration range of the toxicant. The experiment lasted for eight weeks. 
Group of ten fish were exposed to sub-lethal concentrations of the toxicant including the control. 
During the time of exposure, fresh solution was added every 48 hours to maintain the concentration 
level. Water quality parameters such as temperature, pH, and dissolved oxygen were monitored at the 
time of the experiment (APHA, 1985).

Sub-lethal Bioassay
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The fish were fed at 3% body weight with commercial feeds (coppens). Daily ratio was divided into 
three and fed thrice (at 9, 00 am, 1.00pm and 7,00pm) a day. Quantity of daily ration was adjusted 
weekly, based on fish weight . The average weight of the fish as at commencement of the experiment 
was recorded, as well as at the end of the experiment (Shalaby et al., 2006). 

Growth studies and Nutrient Utilization

The fish fresh weight gain (W G) was calculated as the difference between the final weight of the fish 
at the end of the experiment and the initial weight in grams.

Weight Gain (W G)

The data collected during the experiment were analysed for fish growth, specific growth rate, feed 
conversion ratio, gross feed conversion efficiency, nitrogen metabolism and protein utilization using 
the appropriate indices.

Specific Growth Rate (SGR)

The SGR was calculated as described by (Hepher, 1988), that is:    SGR= 
Log Wt - Log Wo 

t−to

Where:
Wt= Weight at time of observation (g)

Wo = initial weight (g)

t-to= the period under study (days)

Feed conversion Ratio (FCR)

FCR was computed as the dry weight of feed offered divided by the wet weight gain of fish (Stickney, 1979; APHA, 
1985; Shalaby et al.,

 
2006). This was expressed as 

FCR =
Feed supplied (g)

Net feed produced (g)

Gross Feed Conversion Efficiency (GFC E)

The G F C E is the reciprocal of the F C R express as percentage (APHA, 1985; Hepher, 1988) that is; 

GFCE =
1

 

X

 

100

FCR

Feed efficiency (FE)

Feed efficiency (FE) was computed as a ratio that expresses the fish weight gain to the quantity of feed.

FE=
Weight gain (g)

Feed fed (g)

2.14 Nitrogen metabolism (NM)

The value of nm will be calculated with the formula of (APHA, 1985).

Nm = (0.549 (b-a) h
2
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Where:                     

                      b.     =      final weight of fish (g)
                      c.     =      experiment period in days 

Data obtained were subjected to Analysis of variance (ANOVA) at p < 0.05 and least significant 
difference (LSD) was used as post-hoc test to separate means  

                      a.      =     initial weight of fish (g)

Statistical analyses

RESULTS
Results on growth of Oreochromis niloticus after 8 weeks of exposure to sub-lethal concentrations of 
cypermethrin in static bioassay is shown on Table 1. The final mean weight for control was 21.33 g, 
while the exposed group had 20.03 g, 15.60 g, and 13.23 g for 0.0005, 0.0011 and 0.0021mg/l sub-
lethal concentrations respectively. Weight gain (WG) of the control fish were significantly higher (p < 
0.05) than those exposed to 0.0011 and 0.0021 mg/l concentrations but not significantly different 
from those exposed to 0.0005mg/l concentrations of the toxicant. Specific growth rate (SGR) of the 
exposed groups decreased significantly (p < 0.05) compared with the control fish. 

Table 1: Growth of Oreochromis niloticus Exposed to Sub-lethal Concentrations (mg/l) of Cypermethrin after 
8 Weeks in Static Bioassay.  

Treatment/Parameter T0 (0.00) T1(0.0005) T2(0.0011) T3(0.0021) 

No. of fish 10 10 10 10 

Mortality % 0 0 0 0 

AV. Initial weight (g)  18.87 19.04 18.33 18.97 

A.V final Weight  (g)  21.33 20.03 15.60 13.25 

Weight gain (g)  2.46±0.16a 0.99±0.11a 2.73±0.19b -5.72±1.01b 

 SGR 0.006±0.013a 0.0013±0.11ab -0.0088±0.02b -0.0196±0.21c 

Means with the same superscript along rows are not significantly different (p<0.05)  

Table 2 shows the growth of Oreochromis niloticus exposed to cypermethrin in flow through system. 
The initial mean weight for control was 18.83 g, while the exposed groups had 19.00g, 17.83 g, and 
19.30 g for 0.0005, 0.0009 and 0.0018 mg/l sub-lethal concentrations respectively. WG and SGR 
were significantly lower (p < 0.05) and dose dependent compared with the control fish.

Table 2: Growth of Oreochromis niloticus Exposed to Sub-lethal Concentrations (mg/l) of Cypermethrin after 
8 Weeks in Flow through Bioassay. 

 

Treatment/Parameter T0 (0.00) T1(0.0005) T2(0.0011) T3(0.0021) 

No. of fish  10 10 10 10 

Mortality % 0 10 0 10 

AV. Initial weight (g) 18.83 19.00 17.83 19.30

A.V final Weight (g)  24..33 23.07 18.60 16.23 

Weight gain (g)  5.50±1.22a 4.07±0.14a 0.77±0.06bc -3.07±1.02c 

SGR 0.0150±0.01a 0.0104±0.05ab 0.0029±0.01b -0.0096±0.03c 

    Means with the same superscript along rows are not significantly different (p<0.05)  

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

151



Results of nutrients utilization in Oreochromis niloticus in static bioassay is shown in Table 3. Feed 
conversion ratio (FCR) of the exposed fish increased significantly (p < 0.05) as the concentration of 
the toxicant increases compared with the control value. Gross feed conversion efficiency (GFCE), 
feed efficiency (FE) and nitrogen metabolism (NM) of the control fish increased significantly ( p < 
0.05) than those fish exposed to 0.0011 and 0.0021mg/l concentrations of cypermethrin but not 
significantly varied with those fish  exposed to 0.0005 mg/l of the same toxicant.

Table 3: Nutrient Utilization of Oreochromis niloticus  Exposed to Sub -lethal Concentrations (mg/l) of
Cypermethrin after 8 Weeks in Static Bioassay  

Treatment/Nutrient Utilization T0 (0.00) T1 (0.0005) T2 (0.0011) T3 (0.0021) 

FCR 1.49±0.54c 1.63±0.21bc 1.98±0.16ab 2.43±1.34a 

GFCE 67.21±4.36a 61.49±5.22a 50.60±3.32b 41.98±3.29b 

FE 0.43±0.11a 0.10±0.02a - 0.55±0.06b - 0.98±0.92b 

NM 5.42±2.45a 1.39±0.87a - 6.59±2.91b - 12.59±4.37b 

Means with the same superscript across the rows are not significantly different (P>0.05) 

Nutrient Utilization of Oreochromis niloticus Exposed in Flow-through Bioassay.
FCR value of the control fish shows no  significant difference compared with those fish exposed to 
0.0005 and 0.0009 mg/l concentration of cypermethrin, but significantly lower (p < 0.05) than those 
exposed to 0.0018 mg/l concentration of the toxicant (Table 4). GFCE, and FE value of the control 
were higher significantly (p < 0.05) compared to those exposed to the various sub-lethal 
concentrations of cypermethrin. The decreases with the exposed groups were observed to be dose 
dependent.

Table 4: Nutrient Utilization of Oreochromis niloticus Exposed to Sub-lethal Concentrations (mg/l) of  
Cypermethrin after 8 Weeks in Flow through Bioassay   

Treatment/Nutrient Utilization T0 (0.00) T1 (0.0005) T2 (0.0011) T3 (0.0021) 

FCR 1.31±0.33b 1.41±0.27b 1.62±0.25b  2.01±1.01a 

GFCE 77.63±6.45a  71.42±4.87ab  61.92±2.44bc  50.22±3.45c  

FE 0.99±0.09a 0.71±0.09ab  0.15±0.03bc - 0.52±0.24c  

NM 9.85±2.27a 8.93±3.28a 1.68±0.95ab  - 6.74±2.32b 

 
Means with the same superscript across the rows are not significantly different (p>0.05

 

DISCUSSION
This study shows that there is significant difference between the control and the various 
concentrations of the toxicant and the effects are dose dependant. Significant decrease in percentage 
life weight gain (LWG%), weight gain (WG), specific growth rate (SGR), gross feed conversion 
efficiency (GFCE), feed efficiency (FE) and nitrogen metabolism (NM) were observed with fish 
exposed to sub lethal concentrations of the  toxicant. This is similar to the report of Ndimele et al., 
(2012) on fingerlings of Clarias gariepinus exposed to dichlorvos (2, 2-dichlorovinyl phosphate) but 
disagrees with  Ramota et al., (2021) on growth response and nutrient utilization of Clarias gariepinus 
fingerlings exposed to Dichlorvos who reported that growth and nutrient utilization parameters of C. 
gariepinus fingerlings were generally not dependent on the concentration group to which they belong; 
This may be due to different conditions to which the fishes were subjected in their study. Increase in 
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Shallangwa and Auta (2008), reported a reduction in growth of Clarias gariepinus exposed  to sub 
lethal concentrations of 2,4-Dichlorophenoxy – acetic acid. The authors attributed this to lower 
feeding rate and or the toxicant made the feed unsuitable for consumption. They further opined that it 
could be due to an increased expenditure of energy on chemical detoxification and tissue repair.

 Fish. Environ Toxicol Chem. 8: 373–80.
Burr S.A, Ray D.E. (2000).  Structure-activity and Interaction Effects of 14 different Pyrethroids on 

 in jundiá Rhamdia quelen due to Sub-lethal Toxicity of Cypermethrin. Chemosphere. 69: 920–6.

 U.S. Environmental Protection Agency OPPTS: 850. 1075.

 Sensitivity of Atlantic salmon (Salmo salar) to Dietary Endosulphan as Assessed by 
Haematology, Blood Biochemistry, and Growth Parameters. Aquatic Toxicology. 80(3):207-216. 

 in Freshwater Fishes. Chemosphere.  83: 492–501. 

CONCLUSION

Borges A, Scotti LV, Siqueira D. R. (2007). Changes in Hematological and Serum Biochemical Values 

Kumar A, Sharma B, Pandey R.S.  (2011). Cypermethrin Induced Alterations in Nitrogen Metabolism 

 Catfish, Clarias gariepinus (Burchell). Journal of Aquatic Sciences. 17(2):81-84.

In conclusion, exposure of Oreochromis niloticus at chronic concentrations of cypermethrin in both 
static and flow through systems adversely affected the growth and better utilization of feed by this fish. 
It is recommended that application of cypermethrin near water body should be avoided and further 
research should be focus on biological control of insect pest.
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Water is an invaluable resource requiring stringent protection from contamination. However, factors like 
rapid urbanization, population growth, industrialization, and inadequate environmental management have 
degraded many water sources, making them unsafe for human use. This problem is particularly severe in 
countries with weak environmental regulations. Access to clean water is crucial for health and economic 
development, as emphasized by Bhat et al. (2018). Despite Earth's freshwater abundance, only 3% is 
accessible, and pollution increasingly threatens this supply (Taruna and Alankarita, 2013). Globally, 
around 450 billion cubic meters of wastewater are discharged into surface waters annually, carrying 
pollutants like organic and inorganic compounds and microorganisms (Taruna and  Alankarita, 2013). This 
affects rivers, lakes, and oceans, degrading water quality (Onyegeme-Okerenta et al., 2016).

INTRODUCTION

ABSTRACT
This study compares the water quality and heavy metals in the New 
Calabar River, assessing its compliance with World Health 
Organization (WHO) standards. By evaluating physicochemical l 
parameters such as pH, dissolved oxygen, turbidity, and heavy metal 
contamination, the research aims to identify pollution levels in the 
river.. Data were analysed using ANOVA to compare water quality 
parameters against WHO benchmarks. Results indicate that most 
water quality parameters, including total dissolved solids, turbidity, 
and nitrate levels, fall within acceptable limits. However, high 
concentrations of iron were recorded in several communities, 
exceeding the WHO standard of 0.3 mg/l. Trace elements, including 
lead and copper, were generally within safe levels, though slight 
exceedances were observed in some areas. The ANOVA analysis 
reveals significant differences (p<0.05) in water quality and heavy 
metals between the results obtained and WHO standard across the 
sampled communities. The study highlights the need for targeted 
interventions to address specific contaminants, particularly iron, and 
emphasizes the importance of improving water management 
practices to safeguard public health. Recommendations include 
stricter monitoring, treatment facilities, and community education 
on waterborne diseases.

Keywords:
Water Quality,
New Calabar River,
WHO standard, 
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MATERIALS AND METHODS
Study Area and Samples Collection

Contaminated water poses severe health risks and can damage aquatic life by depleting oxygen and 
stunting organism growth (Ndeda and Manohar, 2014). Parameters like pH, temperature, and 
dissolved oxygen are crucial in assessing water quality. For example, water with a high pH can cause 
gastrointestinal issues, while low pH irritates the eyes (Taruna and Alankarita, 2013; WHO, 2017). 
The New Calabar River is increasingly affected by activities that introduce contaminants, necessitating 
regular monitoring to maintain ecosystem health (Seiyaboh et al., 2016). Polluted water endangers life. 
Akpe et al. (2018) stress that water is among the most essential natural resources, directly impacting 
life. Polluted water not only affects ecosystems but also poses significant health risks. Water quality is 
influenced by seasonal changes, water levels, and runoff (Ezekiel et al., 2020; Rahman et al., 2021; 
Romin et al., 2021).This study focuses on a comparative analysis of water quality and heavy metals in 
the New Calabar River, this research aims to assess the extent of pollution in the river. Thus provide 
insight into the current state of the New Calabar River's water quality and heavy merals, identify areas 
of concern and recommend measures to improve water management practices and safeguard public 
health.

The New Calabar River is a low lying deltaic river located  in  Rivers  States,  in  the  oil-rich  Niger 
Delta  Region of  Nigeria. The  New Calabar  River lies  between  4º30  and  4º49N  and  6º59  and 
7º00 and empties into the Atlantic Ocean. Water samples   were   collected   at  Aluu, Emouha, 
Mbousi, Choba, Rumuokparali, and Ogbogoro sections of the river to ensure a representative and 
comprehensive understanding of water quality across different contexts and  transported  to  the  
laboratory  of  the  University  of  Port  Harcourt  for immediate analysis. 

Statistical Analysis
Analysis of Variance (ANOVA) was used to establish significant differences within parameters  from  
different sampling points of the river at (P<0.05). The values obtained were compared with the WHO 
Standard.

Urbanization and intensified economic activities lead to environmental challenges, such as water 
pollution from industrial and domestic waste (Rashid et al., 2018). Pollutants entering rivers degrade 
water quality, posing risks to both human health and aquatic ecosystems. In developing countries, 
untreated sewage is a major source of pollution, with 95% being discharged into water bodies 
untreated. For example, two-thirds of surface waters in India are dangerously polluted (Shah, 2016). 
Solid waste dumping into rivers further compromises water quality (Akungah, 2003; Chindah et al., 
2004). Studies from the Niger Delta highlight how industrial and human activities contribute to water 
pollution (Marcus and  Ekpete, 2014; Iyama and Edori, 2016; Ekpete et al., 2019). Monitoring water 
quality provides critical data on pollutant concentrations, which helps assess water suitability for 
various uses. The World Health Organization (WHO) sets water quality standards to assess pollution 
levels and determine water's suitability for different uses (WHO, 2017). Ensuring safe water quality is 
essential for public health and sustainable development, and the WHO provides acceptable limits for 
contaminants in drinking water (WHO, 2017).

Physicochemical Analysis
Turbidity,  temperature,  pH,  Dissolved  Oxygen (DO),  Total  Dissolved  Solid  (TDS),  salinity  and 
conductivity were analysed in situ with a HORIBA, U-51 series Multi-parameter water quality  
checker. Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), chloride,  
sulphate,  phosphate, nitrate, oil and grease were  determined  as  described  by  the American  Public  
Health Association (1998). Atomic absorption Spectrophotometry was used for heavy metals analysis. 
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Table 1 provides a comparison of water quality of the New Calabar River in different sampling stations 
with the World Health Organization (WHO) standards. The values of electrical conductivity, total 
dissolved solids, pH, turbidity, nitrates, sulphates, phosphates and hardness were  below the WHO 
standard, indicating that their levels  in the water are within safe limits. For the heavy metals,  the 
values of  Copper , lead, manganese, and zinc were well below the WHO standard, suggesting minimal 
metal contamination. However, Iron concentrations are notably high, ranging from 1.84 mg/l in Choba 
to 72.17 mg/l in Emuoha. These values exceed the WHO standard of 0.3 mg/l, indicating a potential 
issue with iron contamination in some communities.

RESULTS

Table 2 provides a detailed ANOVA analysis comparing water quality across various sampled 
communities and the WHO standard.The ANOVA results revealed significant differences in water 
quality. The between-groups sum of squares is 284,249.5 with 6 degrees of freedom, yielding a mean 
square of 47,374.92. The F-value of 3.70, coupled with a p-value of 0.0025, indicates that the 
differences in water quality across the sampled communities are statistically significant. This F-value 
exceeds the critical value of 2.20, suggesting that the observed differences are unlikely to have 
occurred by chance. Overall, the ANOVA analysis confirms that water quality differs significantly 
among the sampled communities when compared to the WHO standard, underscoring the varying 
levels of water quality across these locations

Table 1 Comparison of Water Quality Sampled in New Calabar River with WHO Standard
 

Aluu Choba Emuoha Isiodu Ogbogoro Rumuokparali WHO

Electrical Conductivity 

(µs/cm)

143 69 83 69 65 108 400

Total Dissolve Solute 

(mg/l)

101 48 59 49 46 76 1000

Measure of Acidity or 

Alkalinity

5.87 5.2 5.52 6.08 5.48 5.2 8.5

Turbidity (FAU) 2 3 2 2 2 2 5

Chloride (mg/l) 65.68 32.33 39.51 38.38 31.33 49.59 250

Nitrate (mg/l) 27.54 12.41 18.81 20.38 15.54 23.66 50

Sulphate (mg/l) 4.69 2.6 2.1 6.56 3.4 1.2 500

Phosphate (mg/l) 7.09 4.46 5.86 4.23 1.85 7.1

Total Hardness (mg/l) 62.03 29.64 37.96 28.49 25.37 46.9

Iron (mg/l) 4.41 1.84 68.57 72.17 4.54 2.47 0.3

Copper (CFU/100ml) 0.07 0.01 0.04 0.03 0.04 0.05 2

Lead (mg/l) 0.02 0.01 0.02 0.01 0.01 0.02 0.01

Manganese (mg/l) 0 0 0 0 0 0 0.4

Zinc (mg/l) 0.02 0.01 0.02 0.01 0.01 0.02 3
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Findings from this study reveals significant variations in water quality across communities along the 
New Calabar River, revealing both compliance and concerns when compared to WHO standards. 
Generally, the electrical conductivity, total dissolved solids, pH, turbidity, chloride, nitrate, sulphate, 
and phosphate levels across the sampled communities meet or fall below WHO guidelines, indicating 
that most of these parameters are within acceptable limits for safe drinking water. These findings align 
with previous studies, such as those by Oko et al. (2014), which also reported that most water quality 
parameters in rural and peri-urban settings are within acceptable thresholds. However, the study 
identifies elevated iron concentrations in several communities, significantly exceeding WHO 
standards. This highlights a localized issue with iron contamination, which could pose health risks over 
time, such as gastrointestinal problems or other iron-related disorders. This concern is corroborated by 
other literature, such as Dahunsi et al. (2014), which emphasizes the importance of monitoring and 
managing metal contaminants in water sources.
Copper, lead, manganese, and zinc levels are generally within safe limits, with copper levels 
particularly low and well below WHO standards. Lead concentrations are slightly above the WHO 
standard in some areas, but they are still within acceptable ranges, reflecting a minor concern. 
Manganese levels being consistently low aligns with the findings of previous research, such as that of 
Ukpong et al. (2013), which found that manganese contamination was not a significant issue in similar 
settings.The ANOVA analysis reveals substantial variability in water quality scores among the different 
communities, with Aluu showing particularly high variability, while other communities like Choba and 
Ogbogoro exhibit lower and more consistent scores. This variation suggests that while some 
communities are generally meeting safety standards, others, such as Aluu, face greater challenges with 
water quality management. This variability highlights the need for targeted interventions and more 
detailed local assessments to address specific issues effectively, a recommendation also supported by 
the broader literature on water quality management and infrastructure needs (Edokpayi et al., 
2018).Overall, while the study finds that many water quality parameters align with WHO standards, 

DISCUSSION 

Table 2. Difference in Water Quality Across Sampled in Some Fishing Communities and WHO Standard

SUMMARY

Groups Count Sum Average Variance

Aluu 14 423.42 30.24429 2068.783

Choba 14 208.51 14.89357 469.4912

Emuoha 14 322.41 23.02929 852.001

Isiodu 14 296.34 21.16714 684.5985

Ogbogoro 14 200.57 14.32643 415.6825

Rumuokparali 14 322.21 23.015 1179.377

WHO 12 2219.21 184.9342 96791.16

ANOVA

Source of 

Variation

SS df MS F P-value F crit

Between Groups 284249.5 6 47374.92 3.703728 0.002477 2.202234

Within Groups 1138412 89 12791.14

Total 1422661 95
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 4(3), 1810-1821.

Bhat, N.B., Parveen, S., and Hassan, T. (2018). Seasonal assessment of physicochemical parameters 

the elevated iron levels in some communities and the significant variability in water quality scores 
underscore the necessity for ongoing monitoring and localized interventions to ensure safe and 
consistent water quality across all sampled areas.
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Rivers are essential natural resources that significantly contribute to the biosphere due to their diverse 
applications (Ukpong et al., 2013). Although water covers 70% of Earth's surface, only 3% is fresh and 

INTRODUCTION

ABSTRACT
The New Calabar River plays a vital role in the daily lives of 
surrounding fishing communities, providing water for domestic, 
agricultural, and industrial purposes. However, concerns about the 
quality of water from wells and boreholes in the region have emerged 
due to increasing pollution. This study assesses the variation in water 
quality across six fishing communities—Aluu, Choba, Emuoha, 
Isiodu, Ogbogoro, and Rumuokparali—along the New Calabar River, 
focusing on key physico-chemical and microbial parameters. Water 
samples were collected from boreholes, wells, and river points and 
tested for electrical conductivity, total dissolved solids (TDS), pH, 
turbidity, chloride, nitrate, sulphate, phosphate, and total hardness. 
The results revealed significant variability in water quality. Electrical 
conductivity ranged from 65 µs/cm in Ogbogoro to 143 µs/cm in 
Aluu, indicating higher dissolved ion concentrations in the latter. 
TDS levels also varied, with Aluu recording the highest at 101 mg/l 
and Ogbogoro the lowest at 46 mg/l. pH values ranged from 5.20 to 
6.08 across the communities, suggesting slightly acidic to neutral 
water. Chloride concentrations were highest in Aluu (65.68 mg/l) 
and lowest in Ogbogoro (31.33 mg/l), while nitrate levels ranged 
from 12.41 mg/l in Choba to 27.54 mg/l in Aluu. Total hardness 
showed substantial variation, with Aluu having the highest mean at 
62.03 mg/l and Ogbogoro the lowest at 25.37 mg/l. Metal 
contamination was also evaluated, with iron levels ranging from 1.84 
mg/l in Choba to 4.57 mg/l in Emuoha. Copper and lead 
concentrations were low across all communities, indicating minimal 
contamination. These findings highlight the disparities in water 
quality across the studied areas and emphasize the need for 
continuous monitoring and interventions to ensure safe drinking 
water for the communities along the New Calabar River.

Keywords:
Fishing Communities,
New Calabar River,
Water Quality, Rivers State. 
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The population of this study encompassed boreholes, water samples, and residents within the various 
fishing communities sampled along the New Calabar River. This approach ensures that the study 
captures a holistic view of the water quality and its impact on the local population. Boreholes represent 
a significant source of drinking water for many residents in the communities along the New Calabar 
River. These underground water sources are often considered more reliable and safer compared to 
surface water, given their lower susceptibility to surface contaminants. By including boreholes in the 
study, the research aims to evaluate their water quality, including potential contaminants and seasonal 
variations. This data is crucial for understanding the overall safety and reliability of boreholes as a 
primary water source and for identifying any need for additional water treatment or infrastructure 
improvements.

found in rivers, lakes, aquifers, glaciers, and atmospheric sources. The remaining 97% is saltwater. 
Rivers provide crucial services such as transportation, fishing, hydropower generation, and water 
supply for domestic, industrial, and agricultural use (Coles et al., 2010). Water quality is a key factor in 
sustaining both human populations and aquatic ecosystems. Rivers, especially, are vital sources of 
freshwater for various uses. The New Calabar River in southern Nigeria is a lifeline for local 
communities, supporting drinking water, fishing, irrigation, and daily activities. However, the river's 
water quality has been increasingly compromised by industrial activities, agricultural runoff, and 
improper waste disposal, raising serious concerns (Seiyaboh et al., 2016).
The health of aquatic ecosystems largely depends on their physicochemical properties and biological 
diversity (Cantonati et al., 2020). Water plays a crucial role in human development and ecosystem 
function, facilitating processes like drinking, cooking, and industrial applications. In the human body, 
water is vital for nutrient absorption, waste expulsion, and transporting organic substances (Dey et al., 
2021). Rivers must, therefore, be regularly monitored to assess their ecological health. Rivers can 
originate from sources such as springs, lakes, glaciers, or rainwater runoff. Groundwater also 
contributes to river flow (Romin et al., 2021). As they traverse various terrains, rivers serve as cost-
effective transportation routes but also face pollution from unregulated transport activities, 
contributing to global greenhouse gas emissions and particulate pollution (Iyama and Edori, 2016). 
Given the importance of rivers like the New Calabar, which support domestic and industrial use, 
regular water quality assessments are critical. Industrial discharge, agricultural runoff, and domestic 
waste have severely degraded the river's quality, threatening both the environment and public health. 
This study therefore assessed the variation in well and borehole water quality in some fishing 
communities along the New Calabar River, Rivers State, Nigeria.

Study Location
MATERIALS AND METHODS

Experimental Procedures 
Water samples was collected at various points in some fishing communities along the course of the New 
Calabar River. Also, Boreholes and wells will be randomly sampled across the selected communities. 
Residents of the selected fishing communities were randomly sampled for survey through 
questionnaires. Representative sampling points along the New Calabar River was selected, 
encompassing both urban and rural communities. The samples represented different sections of the 
river to capture a comprehensive picture of water quality. Water samples were collected from the 
selected points at the same time using standard laboratory methods described APHA (1998) to test for 
various physico-chemical and biological parameters, such as pH, turbidity, dissolved oxygen, 
biochemical oxygen demand, total dissolved solids, and microbial content. Each fishing community 
along the New Calabar River—Aluu, Emouha, Mbousi, Choba, Rumuokparali, and Ogbogoro—were 
sampled to ensure a representative and comprehensive understanding of water quality across different 
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Sample Preparation for AAS Analysis 

Heavy Metal Determination 

contexts. Water samples was collected at the river, boreholes and wells in the study area. This samples 
was collected in plastic HDPE bottles for proper laboratory test. 

Sample preparation is a very important step in analytical chemistry which should be done very 
carefully without any mistake or carelessness. Sample preparation involving digestion of water samples 
for metal ion analysis by atomic absorption spectrophotometer can be achieved by adopting the 
standard method by APHA (1998): 50 ml of well mixed, acid preserved sample is measured into a 
beaker. 5 ml conc. HNO3 + few glass beads were added. It was then slowly boiled and evaporated on a 
hot plate upto 10-20 ml. Conc. HNO3 (few ml) was added until the completion of digestion (Sample 
was not allowed to dry). The beaker was washed down with deionized water (3 times). It was then 
filtered and poured in 100 ml volumetric flask and made up to 100 ml, mixed thoroughly.

Table 1 provides an overview of the variation in physico-chemical properties of well and borehole water 
across different communities. The electrical conductivity of water varies significantly across the 
communities, ranging from a low of 65 µs/cm in Ogbogoro to a high of 143 µs/cm in Aluu. This 
indicates that the water in Aluu has a higher concentration of dissolved ions compared to other 
locations. Similarly, the total dissolved solids (TDS) follow a comparable trend, with Aluu having the 
highest mean value at 101 mg/l, while Ogbogoro has the lowest at 46 mg/l.The measure of acidity or 
alkalinity, as reflected by pH, is relatively consistent across all communities, ranging from 5.20 to 6.08. 
This suggests that the water is generally within a slightly acidic to neutral range. Turbidity remains low 
across all locations, ranging from 1.85 FAU in Ogbogoro to 3 FAU, indicating that the water is relatively 
clear in all communities. Chloride concentrations show notable variation, with Aluu having the highest 
mean value of 65.68 mg/l and Ogbogoro the lowest at 31.33 mg/l. Nitrate levels also vary, with Aluu 
recording the highest mean concentration of 27.54 mg/l, compared to the lowest at 12.41 mg/l in 
Choba. Sulphate concentrations range from 1.20 mg/l in Rumuokparali to 6.56 mg/l in Isiodu, 
highlighting some variation in water quality related to sulphate content. Phosphate levels are notably 
higher in Rumuokparali and Aluu, with means of 7.10 mg/l and 7.09 mg/l, respectively, compared to 
lower levels in other communities. Finally, total hardness varies significantly, with Aluu having the 
highest mean hardness at 62.03 mg/l and Ogbogoro the lowest at 25.37 mg/l. This variation in hardness 
levels suggests differences in the mineral content of the water across the communities.

Statistical Analysis

RESULTS

The mean and standard deviation of the mean were used to express all the data. The data analysis was 
done using SPSS Version 22, a statistical program. Using one way ANOVA, the means were split, and 
the two means were deemed significant at 5% (P <0.05).

Table 2 showed the variation in metal concentrations in well and borehole water across different 
communities. Iron concentrations in the water vary significantly, with Aluu having the highest mean 
level of 4.41 mg/l and Choba the lowest at 1.84 mg/l. Emuoha also shows a high mean concentration of 
4.57 mg/l, indicating elevated iron levels in some areas. Copper levels are consistently low across all 
locations, ranging from a mean of 0.01 CFU/100ml in Choba to a maximum of 0.07 CFU/100ml in 
Aluu. This suggests that copper contamination is minimal and does not vary greatly between 

The digested samples were taken to the Laboratory, for AAS determination of heavy metals including 
Cadmium, Zinc, lead, and Copper. Three replicates determination was done for each metal analysis 
and the instrument gives the mean of the results.
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Manganese levels are consistently low in all communities, with no measurable variation, as all locations 
report a mean concentration of 0.00 mg/l. This indicates that manganese is not a significant concern in 
the water quality of these communities. Zinc concentrations also show minimal variation, ranging from 
a mean of 0.01 mg/l in Choba, Isiodu, and Ogbogoro to 0.02 mg/l in Aluu, Emuoha, and Rumuokparali. 
This suggests that zinc levels are low and similar across the different communities.

communities. Lead concentrations are similarly low across the surveyed communities, with values 
ranging from 0.01 mg/l in Choba and Isiodu to 0.02 mg/l in Aluu, Emuoha, and Rumuokparali. This 
indicates that lead levels are generally within acceptable limits across the locations.

Table 1. Variation in Physico-Chemical Properties of Well and Borehole Water in Some Fishing 
Communities Along the New Calabar River

Location

Electrical 
Conductivity 
(µs/cm)

Total 
Dissolve 
Solute 
(mg/l)

Measure 
of Acidity 
or 
Alkalinity

Turbidity 
(FAU)

Chloride 
(mg/l)

Nitrate 
(mg/l)

Sulphate 
(mg/l)

Phosphate 
(mg/l)

Total 
Hardness 
(mg/l)

Mean Mean Mean Mean Mean Mean Mean Mean Mean
Aluu 143 101 5.87 2 65.68 27.54 4.69 7.09 62.03
Choba 69 48 5.20 3 32.33 12.41 2.60 4.46 29.64
Emuoha 83 59 5.52 2 39.51 18.81 2.10 5.86 37.96
Isiodu 69 49 6.08 2 38.38 20.38 6.56 4.23 28.49
Ogbogoro 65 46 5.48 2 31.33 15.54 3.40 1.85 25.37
Rumuokparali108 76 5.20 2 49.59 23.66 1.20 7.10 46.90

Table 2. Variation in Metal Concentration InWell and Borehole Water in Some Fishing Communities Along 
the New Calabar River

Iron (mg/l)
Copper 
(CFU/100ml) Lead (mg/l) Manganese (mg/l)Zinc (mg/l)

Mean Mean Mean Mean Mean
Location Aluu 4.41 .07 .02 .00 .02

Choba 1.84 .01 .01 .00 .01
Emuoha 4.57 .04 .02 .00 .02
Isiodu 2.17 .03 .01 .00 .01
Ogbogoro 4.54 .04 .01 .00 .01
Rumuokparali 2.47 .05 .02 .00 .02

DISCUSSION
Findings from this reveals significant differences in key parameters, which have important 
implications. The observed variation in electrical conductivity, total dissolved solids (TDS), chloride 
concentrations, and nitrate levels suggests that local geological and environmental conditions greatly 
influence water quality. For instance, higher conductivity and TDS levels in Aluu indicate a greater 
concentration of dissolved ions, potentially affecting the taste and mineral content of the water. This 
finding is consistent with the observations of Dahunsi et al. (2014), who also reported variations in 
metal concentrations and physicochemical parameters across different towns in Nigeria. The presence 
of elevated nitrate and chloride levels in certain areas underscores the need for localized management 
strategies to address these specific quality issues (Akpe et al., 2018). Despite these variations, pH 
levels across the communities remained relatively stable, suggesting that the water is generally within a 
slightly acidic to neutral range, which is generally acceptable for human consumption. The low 
turbidity values indicate that the water is relatively clear, aligning with the findings of Ekpete et al.  
(2019), where turbidity levels in groundwater were found to be within acceptable limits. However, the 
consistency in turbidity should not overshadow other critical quality parameters, such as chemical 
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The variability in metal concentrations, particularly the elevated iron levels in some areas, raises 
concerns about potential health risks associated with long-term exposure. This finding aligns with 
Dahunsi et al. (2014), who emphasized the importance of monitoring metal contamination, especially 
iron, in groundwater. On the other hand, the low levels of copper, lead, manganese, and zinc across the 
communities suggest that these metals are not significant contaminants, consistent with the findings of 
Oko et al. (2014) and Ukpong et al. (2013).The study underscores the need for targeted interventions 
to address specific water quality issues identified in different communities. Improving water 
infrastructure, enhancing monitoring practices, and addressing local contamination sources are crucial 
steps. These needs resonate with broader literature, such as the work of Edokpayi et al. (2018), which 
highlights the importance of consistent water treatment and infrastructure improvements. 
Additionally, the findings reflect the challenges observed in other rural and peri-urban areas, as noted 
by Ekpete et al. (2019) and Ukpong et al. (2013), where microbial contamination and seasonal 
variations significantly impact water quality. Furthermore, the study illustrates a complex landscape of 
water quality variations, emphasizing the necessity for ongoing monitoring and maintenance to prevent 
health risks. The results align with existing literature on the importance of targeted interventions and 
infrastructure improvements to ensure safe drinking water and protect public health.

Significant variations in water quality parameters such as electrical conductivity, total dissolved solids 
(TDS), chloride concentrations, and nitrate levels were observed across different fishing communities. 
For example, Aluu exhibited higher conductivity and TDS levels, indicating a greater concentration of 
dissolved ions that could affect water taste and mineral content. Although pH levels remained 
relatively stable and turbidity was low, the variability in metal concentrations, particularly elevated 
iron levels, raises health concerns. These findings highlight the need for localized management 
strategies and infrastructure improvements to address specific water quality issues.

REFERENCES

CONCLUSION

contaminants, which can impact health. (Ezekiel et al., 2020).

APHA (1998) Standard Methods for the Examination of Water and Wastewater. 20th Edition, 

 Characteristics, main impacts, and stewardship of natural and artificial freshwater 

 and public health of selected towns in South Western Nigeria. Water Quality, Exposure and 

 Environmental Federation, Washington DC.

 Sci. Res., 4(3): 1810-1821.

 environments: consequences for biodiversity conservation. Water, 12(1), 260.

 Health, 6, 143-153.

 ecosystem services: A review. Agriculture, Ecosystems and Environment, 296, 106-117.
Coles,  L. J., Stockan, J., and  Helliwell, R. (2020). Managing riparian buffer strips to optimise 

Cantonati, M., Poikane, S., Pringle, C. M., Stevens, L. E., Turak, E., Heino, J., and Znachor, P. (2020). 

 American Public Health Association, American Water Works Association and Water 

 parameters of Ikpoba River water samples. International Journal of Life Sciences, J. Life Sci. 

Dahunsi, S. O., Owamah, H. I., Ayandiran, T. A., and Oranusi, S. U. (2014). Drinking water quality 

 contaminated water by using solid waste bio-adsorbents. Current Research in Chemical 
Biology, 1, 100-105.

 R. (2018). Challenges to sustainable safe drinking water: A case study of water quality and use 

Dey, S., Haripavan, N., Basha, S. R., and Babu, G. V. (2021). Removal of ammonia and nitrates from 

 across seasons in rural communities in Limpopo Province, South Africa. Water, 10(2), 159.

Akpe, A.R., Femi, I.J., Okwu, G.I. and Obiazi, H. (2018) Seasonal variations in the physicochemical 

Edokpayi, J. N., Rogawski, E. T., Kahler, D. M., Hill, C. L., Reynolds, C., Nyathi, E., ... and Dillingham, 

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

165



Ekpete, O.A., Edori, O.S., and Kieri, B.S.I. (2019). Assessment of heavy metals concentrations in 

Romin, M.R., Al Azad, S., and Saleh, E. (2021). Variations in the physicochemical water parameters 
 index of borehole and well water in Wukari Town, Taraba State, Nigeria. Assessment, 4(5), 1-9.

 and phytoplankton community in coastal water of Kudat, Sabah, Malaysia. Journal of 

 surficial water of Silver River, Southern Ijaw, Bayelsa State, Niger Delta, Nigeria. Journal of 

Oko, O. J., Aremu, M. O., Odoh, R., Yebpella, G., and Shenge, G. (2014). Assessment of water quality 

 Research, 7(12), 5945 – 5958

 Rivers in Bayelsa State. Nigeria. International Journal of Chemistry and Chemical Engineering, 

 Basic Applied Research International, 25(4), 186–193.

 Geosciences and  Environmental  Protection, 9(7), 86-99.

 Technology, 4(4), 143-148.
Ukpong, E. C., Ogarekpe, N. M., and Bejor, E. S. (2013). Comparative analysis of water quality in hand 

 Journal of Engineering and Science (IJES), 2(8), 95-101.

 6(2), 99-109.

Iyama, W.A., and Edori, O.S. (2016). Comparative analysis of the water quality status of the Bassan 

Ezekiel, E.N., Sarogoro, N.S., and Charles, K. (2020). Seasonal variation of physicochemical 
 parameters of Rivers in Trans-Amadi, Port Harcourt, Rivers State. European Academic 

 dug well and borehole in Calabar South Local Government Area in Nigeria. The International 

 River Orashi in Eastern Niger Delta of Nigeria. Journal of Environmental Treatment and 
Seiyaboh, E.I., Angaye, T.C.N., and   Okogbue, B.C. (2016). Physicochemical quality assessment of 

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

166



1 2 3  4 5
Eze, B.U .,  O.A. Akinrotimi, K.N. Owhonda, F.A.Omodu, and P.O. Nwosu

2,3,4,5
Department of Mariculture, Nigerian Institute for Oceanography and Marine Research, Buguma   

P.M.B. 5122, Port Harcourt, Rivers State, Nigeria

ojoakinrotimi@gmail.com, +2348065770699, 0000-0003-2775-645X

CHANGES IN ENZYME ACTIVITIES IN  BLACK JAW TILAPIA (Sarotherodon 
Melanotheron ) EXPOSED TO BUTACHLOR  IN THE LABORATORY
 

1African Regional Aquaculture Centre/Nigerian Institute for Oceanography and Marine Research, 
Aluu.  P.M.B. 5122, Port Harcourt, Rivers State, Nigeria

Corresponding author:

Pesticides have been recognized as significant pollutants in aquatic ecosystems, capable of inflicting 
both immediate and prolonged adverse effects on living organisms. These substances have been shown 
to induce various metabolic alterations in fish, occurring at both lethal and, more commonly, sublethal 
concentrations. Fish species are particularly susceptible to hormonal and enzymatic disruptions caused 
by stress and pesticide exposure. Chronic exposure to low levels of these chemicals tends to have a 
more profound impact on fish populations compared to acute toxicity. Subtle physiological and 
behavioral changes that hinder reproduction and survival are linked to pesticide levels that are 
insufficient to cause mortality in fish (Karan et al., 1998). Research by Raja et al. (1992) has 
established a connection between pesticides and alterations in fish ion concentrations, organic 
compounds, enzyme activity, endocrine function, and chemo-regulatory mechanisms. In the field of 
human medicine, serum enzyme activity assessments are commonly utilized as diagnostic indicators. 
In recent years, there has been a notable rise in the application of enzyme activity as a predictive 
measure for pesticide toxicity in aquatic organisms, particularly fish (Begum, 1994). Among lower 
animals, especially teleost fish, a diverse array of enzymes, including amino transferases, phosphatases, 

INTRODUCTION

ABSTRACT
The changes observed in enzyme activities serve as reliable indicators 
of stress resulting from fish exposure to toxic substances. Disruptions 
in these activities can lead to diminished immune responses and 
reduced intestinal microflora activity. This study investigates the 
impact of varying concentrations of butachlor  (0.00, 0.50, 1.00, 
1.50, and 2.00 mg/l) on the activities of some enzymes, including 
aspartate transaminase (AST), alanine transaminase (ALT), acid 
phosphatase (ACP), alkaline phosphatase (ALP), and lactate 
dehydrogenase (LDH) in the plasma of Sarotherodon melanotheron 
over a 15-day exposure period. The findings indicate that the enzyme 
levels in the exposed fish were significantly (P < 0.05) elevated 
compared to control values. The extent of these alterations was 
concentration-dependent and more pronounced in juvenile fish than 
in adults. In summary, changes in plasma enzyme levels may indicate 
tissue damage and dysfunction caused by toxicants, making these 
parameters effective and prompt indicators for assessing the effects 
of toxicants on aquatic life and, by extension, the broader ecosystem.

Keywords:
Toxicology, Tilapia,
Enzymes, Butachlor,
Aquatic environment 
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and lactases, constitutes the most extensive enzyme collection (Ogundiran et al., 2009). Transferases, 
which encompass alanine transaminase (ALT) and aspartate transaminase (AST), facilitate the 
conversion of keto acids into amino acids (Gabriel et al., 2012). Phosphatases, specifically acid 
phosphatase (ACP) and alkaline phosphatase (ALP), are hydrolase enzymes that cleave phosphate 
groups from various substrates, including nucleotides, proteins, and alkaloids. Additionally, lactate 
dehydrogenase, or lactase, plays a crucial role in converting lactic acid produced in muscles into pyruvic 
acid, a vital process for cellular energy production (Vander-Oost et al., 2003).

Experimental Location and Fish 

Fish exhibit physiological adaptations to maintain homeostasis when confronted with toxins, which are 
known to disrupt enzymatic functions. Prolonged exposure to various toxicants can lead to 
modifications in protein metabolism in fish (Tamas et al., 2002). The observed reduction in total 
protein levels in fish subjected to significant toxicant exposure may be attributed to alterations in 
water balance and hydration status, or potentially a disruption in liver protein synthesis, or a 
combination of both factors. Enzymes and hormones, both of which are proteins, regulate all biological 
processes. Consequently, the assessment of protein and enzyme activities can serve as a diagnostic tool 
for evaluating the physiological condition of cells or tissues (Gabriel et al., 2011). Butachlor, a 
herbicide belonging to the acetanilide class, functions as a selective pre-emergent herbicide by 
inhibiting acetylcholinesterase, an essential enzyme for the proper functioning of the central nervous 
system (Celik, 2004). Fish are the primary aquatic organisms affected by toxicants and are often 
utilized to assess the health of aquatic ecosystems, thereby serving as bioindicators of environmental 
pollution. Sarotherodon melanotheron, a widely distributed teleost with significant commercial 
importance in fisheries and aquaculture, represents an excellent biological model for toxicological 
research (Celik, 2004). While several studies have investigated the effects of butachlor on fish, there is 
limited information available regarding S. melanotheron, highlighting the need for the current study. 
This research aims to evaluate the alterations in enzyme activities in S. melanotheron exposed to 
butachlor in a controlled laboratory setting.

MATERIALS AND METHODS

The study was conducted at the African Regional Aquaculture Center in Buguma, Rivers State, 
Nigeria, which is a branch office of the Nigerian Institute for Oceanography and Marine Research. 
During low tide, ponds yielded 300 S. melanotheron, of which 150 were juveniles and 150 were adults. 
The fish were brought to the laboratory in six open, 50-liter plastic containers, where they acclimated 
for seven days.

Preparation of Test Solutions and Exposure of Fish
In the current investigation, Butachlor was utilized. This herbicide belongs to the acetanilide class and 
serves as a selective pre-emergent herbicide. It is widely applied in Nigeria, particularly in the form of 
granules, as a post-emergent herbicide in rice cultivation. For this experiment, Butachlor, marketed 
under the trade name Butaforce, was procured from a supermarket in Port Harcourt, Nigeria. S. 
melanotheron were subjected to the chemical at concentrations of 0.00 (control), 0.05, 0.10, 0.15, and 
0.20 mg/L, with each concentration tested in triplicate. Five fish each of juveniles with an average 
length of 12.02 ± 1.44cm and an average weight of 70.44 ± 3.22 g and adults with an average length of 
19.04 ± 6.09 cm and an average weight of 142.05 ± 12.54 g, were randomly assigned to each test tank. 
The duration of the experiment was 15 days, during which the water in the tanks was refreshed daily. 
The fish were fed twice daily at a rate of 3% of their body weight using a commercial feed.

Analytical procedure
A 2ml sample of fresh blood was taken at the conclusion of each experimental period by puncturing the 
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caudal artery with a tiny needle and pouring the sample into heparinized sample vials. Blood samples 
were immediately centrifuged at 5000 rpm for 15 minutes. Separated plasma samples were pipetted 
into eppendorf tubes and kept in a /freezer at -20°C until they were analyzed. A Jenway visible 
spectrophotometer (Model 6405) with a universal microplate reader was used to read the data. The 
blood of the exposed S.melanotheron was examined for five enzymes: aspartate amino transaminase 
(AST), alanine amino transaminase (ALT), alkaline phosphatase (ALP), acid phosphatase (ACP), and 
lactate dehydrogenase (LDH). AST was examined using the method of Bessey et al. (2010)  approach 
since it may be done manually using a colorimetric end-point technique. While ALP, ACP, and LDH 
were performed using the Huang et al., (2020) technique.

Statistical Analysis
The mean and standard deviation of the mean were used to express all the data. The data analysis was 
done using SPSS Version 22, a statistical program. Using two-way ANOVA, the means were split, and 
the two means were deemed significant at 5% (P <0.054). 

RESULTS
The water quality parameters (Table 1) were within the same range except in DO, where a lesser values 
were obtained at higher concentration of the chemical. The effects of butachlor  on the enzymes  in the 
plasma of S. melanotheron juveniles are presented in Table 2. It was observed that the values of AST, 
ALT, ACP. ALP AMD LDH  significantly increased (P<0.05) with increasing concentrations of the 
herbicide. The same trend was equally observed in the enzymes activities of adult fish exposed to the 
chemical (Table 3). 

Table1: Physico-Chemical Parameters of Water in Experimental Tanks of S. melanotheron Exposed to
Butachlor 

Concentrations

(mg/L)

DO

(mg/L)

Temperature 

(oC) pH

NH3

(mg/L)  

Salinity

(ppt)

0.00 5.94±0.22 b 28.22±2.09a 6.62±0.66 a 0.01±0.00 a 11.77±0.32 a

0.50 5.60±0.55b 28.76±3.01 a 6.61±0.22 a 0.02±0.00 a 11.79±0.04 b

1.00 5.03±0.77 b 28.04±1.71 a 6.60±0.59 a 0.02±0.00 a 11.74±1.09 a

1.50 4.11±0.44 a 28.55±5.01 a 6.61±0.21 a 0.03±0.00 a 11.75±0.65 a

2.00 4.01±0.76a 28.64±4.77 a 6.62±0.90 a 0.03±0.00 a 11.79±1.45 a

Means within the same column with different super scripts are significantly different (P<0.05)

Table 2: Enzymes Activities in S. melanotheron Juveniles Exposed to Butachlor 

Concentrations

(mg/L)

Enzymes (IU/L)

AST ALT ACP ALP LDH

0.00 57.12±1.04a 44.56±1.06 a 14.08±0.66 a 50.21±2.11 a 220.88±9.90 a

0.50 62.05±1.77 a 47.88±1.04 a 17.45±1.04 a 55.03±1.54 a 247.98±9.66 a

1.00 70.04±3.12 b 55.03±1.98 b 21.66±1.55 b 66.11±2.66 b 261.02±4.06 b

1.50 77.90±3.09 b 74.05±1.91 c 25.44±1.33 b 75.22±1.43 c 270.33±3.01 b

2.00 84.02±4.01 c 77.03±1.02 c 33.66±2.33 b 80.09±2.21 a 290.21±9.06 b

Means within the same column with different super scripts are significantly different (P<0.05)
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CONCLUSION

The findings of this study align with those reported by Jee et al. (2015), who found that Korean 
rockfish (Sebastes schlegeli) exposed to cypermethrin exhibited increased serum activities of ALT, 
AST, and LDH. Similarly, significant increases in plasma ALP and LDH activity were observed in 
Rhamdia quelen (Borges et al., 2017) and Labeo rohita (Das and Mukherjee, 2003) following 
cypermethrin exposure. In another study, Nile tilapia subjected to sub-acute doses of pyrethroid and 
deltamethrin over a 28-day period also showed elevated serum ALP levels (El-Sayed and Saad, 2008). 
The researchers suggested that the increase in these enzyme levels in the bloodstream may be 
attributed to liver necrosis, leading to the release of these enzymes. Elevated levels of ALT, AST, ALP, 
and LDH are generally indicative of liver degeneration and dysfunction, as the impact of toxicants on 
hepatocytes often results in tissue damage, which in turn causes the release of cellular enzymes into the 
blood plasma. Consequently, the observed increases in enzyme activities in S. melanotheron serum are 
primarily due to the leakage of these enzymes from the liver cytosol into the bloodstream, a 
consequence of liver damage induced by metals and pesticides, thereby demonstrating the hepatotoxic 
effects of these toxicants. According to Harvey et al. (1994), heightened serum levels of these enzymes 
are commonly associated with liver disease and necrosis in animals, with blood concentrations of ALT, 
AST, and ALP potentially rising due to cellular damage within the liver.

Standard laboratory protocols for detecting abnormalities in animals involve the assessment of various 
enzymes, such as ALP, AST, ALT, ACP, and LDH (Celik, 2004). The detection of non-plasma specific 
enzymes like ALT, AST, and ALP in the bloodstream can yield critical insights into organ dysfunction, 
as these enzymes are primarily found in the tissue cells of the liver, heart, gills, kidneys, muscles, and 
other organs (Das et al., 2004). Research has indicated that the activity levels of these enzymes can vary 
due to the effects of toxicants or pollutants in different fish organs across various species (Das et al., 
2004). Several soluble enzymes in blood serum have been identified as valuable indicators of stress. 
The activities of serum ALT, AST, ALP, and LDH have been extensively utilized for diagnosing fish 
diseases and assessing tissue damage caused by environmental pollutants (Anderson et al., 2019). 
Palanivelu et al., (2015) noted that an elevation in the activities of these enzymes in serum or 
extracellular fluid serves as a sensitive indicator of even minor cellular damage, reflecting stress-related 
tissue deterioration. In this study, all measured enzymes exhibited elevated levels in the plasma of S. 
melanotheron exposed to butachlor. This finding aligns with the results reported by Gabriel et al. 
(2012), which indicated that exposure to cypermethrin increased the plasma activities of ALT, AST, 
and ALP in Clarias gariepinus.

DISCUSSION

The exposure of juvenile and adult S. melanotheron to sub-lethal levels of butachlor can lead to a range 
of toxicological effects characterized by enzymatic degradation. Since blood is the first organ to 
respond to adverse environmental changes, analyzing blood biochemical profiles can provide critical 

Table 3: Enzymes Activities in S. melanotheron Adults Exposed to Butachlor 
Concentrations

(mg/L)

Enzymes (IU/L)

AST ALT ACP ALP LDH

0.00 70.99±1.21 a 54.22±1.05 a 16.77±1.03 b 61.11±5.04 a 320.54±9.01 a

0.50 81.55±6.03 b 59.45±1.07 a 19.56±1.55 a 63.04±8.55 a 352.07±9.87 a

1.00 82.99±2.02 b 67.05±1.12 b 24.76±1.04 b 71.03±9.54 b 380.02±9.76 b

1.50 86.11±3.01 b 70.02±1.44 c 35.77±1.88 c 75.56±8.77 b 390.99±7.01 b

2.00 93.01±3.54 c 77.44±1.45 c 36.04±1.33 c 86.01±1.66 c 399.88±9.87 b

Means within the same column with different super scripts are significantly different (P<0.05)
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Epilithon algae are a type of periphyton that are attached to hard surfaces such as stones within the 
shoreline splash zone (Davies, 2018). Periphyton and nutrients are used to assess health of the aquatic 
environments (Bubu-Davies et al., 2022). Human activities impact organisms and nutrient levels in the 

INTRODUCTION

 

ABSTRACT
The Upper Bonny Estuary in Rivers State, Nigeria, and its resources 
are of economic value, but the Upper Bonny Estuary at Amadi-Ama 
and Nkpogu Communities is a refuse dump for anthropogenic waste. 
Epilithon assemblage and some nutrients (phosphate, ammonia, and 
nitrate) of the estuary at Amadi-Ama and Nkpogu Communities 
were studied. Epilithon and surface water samples were collected 
following standard methods from three stations between May and 
July 2023. Epilithon samples were analyzed microscopically and 
surface water samples for nutrients by APHA methods. Data were 
analyzed using the SPSS Version 23 for analysis of variance. A total of 
824 individual epilithic algae from six families [Chlorophyceae 
(46%), Bacillariophyceae (19%), Cyanophyceae (25%), 
Chrysophyceae (3%), Dinophyceae (5%), and Xanthophyceae 
(2%)], 48 genera, and 68 species were recorded. Spatially, phosphate 
(0.23±0.11 mg/L), ammonia (0.014±0.005 mg/L), and nitrate 
(0.17±0.06 mg/L) were within the permissible levels of NESREA of 
3.5 mg/L, 0.05 mg/L, and 9.1 mg/L, respectively, for fisheries. The 
presence of pollution-indicator species Melosira italica, Melosira 
pusilla, Melosira sp. and Melosira virians, Cyclotella glomerata, 
Cyclotella meneghiniana, Cyclotella operculata, Cyclotella stelligera, 
Navicula placentula, Nitzschia acicularis, and Nitzschia closterium 
(Bacillariophyceae), Anabaena spirades, Lynbya limnetica, Lynbya 
birgei, Lynbya limnetica, Lynbya major, Microcystis aeruginosa, 
Oscillatoria lacustris, Oscillatoria lutea, Oscillatoria rubescens, 
Oscillatoria tenuis, and Oscillatoria lutea (Cyanobacteria) indicate 
organic pollution of the Upper Bonny Estuary at Amadi-Ama and 
Nkpogu Communities. Proper environmental awareness on the 
impacts of anthropogenic activities and strict policies on waste 
disposal to preserve the health of the estuary are recommended.

Keywords:
Epilithic algae,
species composition,
sink, bio-indicator,
biological integrity
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aquatic bodies (Davies et al., 2008; Davies et al., 2009a; Davies and Ugwumba, 2013). Based on 
literature review, no information on the health status of the Upper Bonny Estuary at Amadi-Ama and 
Nkpogu Communities using epilithon has been provided. This study evaluated epilithon assemblage 
and nutrients (phosphate, ammonia, and nitrate) as pollution indicators in this part of the Upper 
Bonny Estuary, Rivers State.

The study was conducted in the Amadi-Ama and Nkpogu Creeks, brackish and tidal tributaries of  the 
Upper Bonny Estuary in Rivers State between coordinates of  latitude 4046'00” N and longitude 
703'00”E (Figure 1). The vegetation around the creek is nypa palm, while human activities such as 
fishing, boating, refuse disposal, welding, mechanic works, washing, excreta disposal, and bathing were 
observed around the water body. Effluent discharges were observed to flow into the creek from nearby 
companies such as Liquefied Natural Gas (LNG) plant, Julius Berger, and Hypercity Supermarket. 
Three stations were established at least 500 m apart (Station 1- Koko-Ama by Eastern Bypass Bridge, 
Station 2: Nkpogu Block Industry and Station 3-Foursquare Gospel Church, Nkpogu) as the 
anthropogenic activities listed above were seen around these stations. Samples of epilithic algae and 
surface water for nutrients determination (phosphate, ammonia and nitrate) were collected once a 
month for three months (May – July 2023) during the low tide.

MATERIALS AND METHODS

Figure 1: Map of the Study Area

RESULTS AND DISCUSSION

The epilithon samples were homogenized. One (1) ml subsample was collected and transferred into a 
Sedgwick Rafter counting chamber for identification under a Leitz-Wetzler binocular microscope with 
magnification between 100x and 400x. For each sample, 5 replicates were treated (Bubu-Davies et al., 
2022). One (1) ml sub-sample of homogenized sample was collected with a stampel pipette and 
transferred into a Sedgwick Rafter counting chamber for identification and enumeration under a 
digital microscope (PD2451) using a combined magnification of between 10x and 40x. Three 
replicates of the sub-samples were analyzed. Identification of epilithon was done using descriptive 
keys of Krammer and Bertalot (2000), Botes (2003) and Nwankwo (2004). Phosphate, Ammonia and 
Nitrate levels were determined by standard tests (AHPA, 1998).

A total of 824 individual epilithon from six families [Chlorophyceae (22 species, 18 genera, 379 
individuals), Bacillariophyceae (18 species, 11 genera, 152 individuals), Cyanophyceae (22 species, 18 
genera, 209 individuals), Chrysophyceae (2 species, 2 genera, 20 individuals, Dinophyceae (2 species, 2 
genera, 42 individuals) and Xanthophyceae (2 species, 2 genera, 14 individuals], 48 genera and 68 
species were recorded in the study (Table 1). Table also presents the percentage composition of the 
families as well as number of individuals and densities of the epilithic algae in relation to station.

174



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Table 1: Epilithon assemblage of Upper Bonny Estuary at Amadi-Ama and Nkpogu Communities, 
Rivers State

Family/Stn/Ind/Den Species Family/Stn/Ind Species
Chlorophyceae (46%) Actidesmium hookeri Cyanophyceae (25%) Anabaena spirades
Stn 1 n = 190 Ankistrodesmus braunii Stn 1 n = 37 Aphanizomenon flas-aquae
Stn 2 n = 136 A. falcatus Stn 2 n = 102 Aulosira sp
Stn 3 n = 53 Chlorella elegaris Stn 3 n = 70 Dactylococcopsis acicularis
Stn 1 Den = 19772.73 C. vulgaris Stn 1 Den = 8409.09 Dactylococcopsis fascicularis
Stn 2  Den = 5454.545 Closteridium lunula Stn 2 Den = 23181.82 Gloeocapsa alpicola
Stn 3  Den =  9318.18 Closteriopsis longissimi Stn 3 Den = 15909.09 Gomphosphaeria lacustris

Closterium Cynthia Lynbya limnetica
C. intermedium L. birgei
C. strigosum L. limnetica
Cosmarium granatum L. major
Gloeocystis major Microcystis aeruginosa
Gloeotaerium 
loitlesbergerianum

Nodularia spumigena

Gonatozyon aculeatum Oscillatoria lacustris
Mycanthococcus sp O. lutea
Ourococcus bicaudatus O. rubescens
Radiococcus planktonicus O.         tenuis
Rediopfilum flavescens O. lutea
Scenedesmus obliquus Phormidium tenue
Schroederia setigera P. valderiae
Stichococcus bacillaris Planktothrix sp
Tetraddro minimum Raphidiopsis mediterranea

Bacillariophyceae (19%) Cerataulina bicornis Chrysophyceae (3%) Mallomonas acrocomas
Stn 1 n = 87 Closterium strigosum Stn 1 n = 0 Chromullra sphaeriea
Stn 2 n = 24 Coscinodesmus sp Stn 2 n = 8
Stn 3 n = 41 Cyclotella glomerata Stn 3 n = 12
Stn 1  Den = 19772.73 C. meneghiniana Stn 1 Den = 0
Stn 2  Den = 5454.545 C operculata Stn 2 Den = 1818.182
Stn 3  Den = 9318.18 C. stelligera Stn 3 Den = 4545.45 

Entophysalis sp Dinophyceae (5%) Amphidinium sp
Licmophora sp Stn 1 n = 38 Cochlodinium fulvescens
Melosira italica Stn 2 n = 0
M. pusilla Stn 3 n = 4
M. sp Stn 1 Den = 9134.19
M. virians Stn 2  Den = 0
Navicula placentula Stn 3  Den = 909.09
Nitzschia acicularis Xanthophyceae (2%) Ophiocytium parvulum
N. Closterium Stn 1 n = 2 Botryococcus braunii
Spirirella spiralis Stn 2 n = 0
Tebellaria binalis Stn 3 n = 12

Stn 1 Den = 454.54
Stn 2 Den = 0
Stn 3 Den = 2727.27

Spatial variation of epilithon species indicated: Station1 – Chlorophyceae, highest (21.78±8.57%), 
Chrysophyceae, lowest (0.00±0.00%). Station 2 – Chlorophyceae, highest (14.67±6.53%), 
Dinophyceae and Xanthophyceae lowest (0.00±0.00%). Station 3 - Cyanophyceae highest 
(7.78±2.00%), Dinophyceae lowest (0.44±0.29%). Overall means were: Chlorophyceae highest 
(14.04±9.29), Xanthophyceae lowest (0.52±0.27). Spatial means for phosphate, ammonia, and 
nitrate were 0.23±0.11mg/l, 0.014±0.005mg/l, 0.17±0.06mg/l respectively (Table 2). 

 Stn- Station; Ind- Individual; n=Number of individuals; Den=Density
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Parameter Station Overall mean Standard for surface 
water (Fisheries)1 2 3

Bacillariophyceae 9.67±5.07a 2.67±1.04b 4.56±2.45b 5.63±0.90 -
Chlorophyceae 21.78±8.57a 14.67±6.53b 5.67±1.40c 14.04±9.29 -
Cyanophyceae 4.11±2.89b 11.33±2.23a 7.78±2.00ab 7.74±4.92 -
Chrysophyceae 0.00±0.00b 0.89±0.51ab 2.22±1.25a 1.04±0.47 -
Dinophyceae 3.11±1.55a 0.00±0.00b 0.44±0.29ab 1.19±0.57 -
Xanthophyceae 0.22±0.22a 0.00±0.00a 1.33±0.74a 0.52±0.27 -
Phosphate (mg/L) 0.23±0.12a 0.22±0.10a 0.24±0.13a 0.23±0.11 ≤3.5 (NESREA, 2011)
Ammonia (mg/L 0.013±0.005a 0.016±0.005a 0.013±0.006a 0.014±0.005 ≤0.05  (NESREA, 2011)
Nitrate (mg/L) 0.14±0.06b 0.19±0.05a 0.18±0.05a 0.17±0.06 ≤9.1 (NESREA, 2011)

The presence of some species of Bacillariophyceae (Melosira italica, Melosira pusilla, Melosira sp and 
Melosira virians, Cyclotella glomerata, Cyclotella meneghiniana, Cyclotella operculata, Cyclotella 
stelligera, Navicula placentula, Nitzschia acicularis and Nitzschia closterium), and Cyanobacteria 
(Anabaena spirades, Lynbya limnetica, Lynbya birgei, Lynbya limnetica, Lynbya major, Microcystis 
aeruginosa, Oscillatoria lacustris, Oscillatoria lutea, Oscillatoria rubescens, Oscillatoria tenuis, and 
Oscillatoria lutea) in the study can indicated pollution of Upper Bonny Estuary at Amadi-ama and 
Nkpogu Commnuities, Port Harcourt, Rivers State. These observed species are known as harmful 
algae in aquatic environments by Davies et al. (2008), Davies et al. (2009a), Davies et al. (2009b), 
Davies and Ugwumba (2013),  Davies and Otene (2013), Davies et al. (2015) and Davies (2018). The 
availability of nutrients, especially phosphorus, in aquatic environments leads to algae assemblage 
(Roelke et al., 2007). Elevated nitrate levels may indicate the presence of contaminants like disease-
causing organisms, pesticides, or other compounds (Singh et al., 2022). Phosphates can impact aquatic 
bodies by increasing algae levels, including cyanobacteria (Davies, 2018; EFS, 2019). Excess nitrate 
and phosphate can lead to significant water quality issues and accelerate eutrophication (EPA, 2012).  
The spatial mean values of phosphate, ammonia, and nitrate in the study area indicated were below the 
NESREA (2011) standard values for surface water (fisheries) of 3.5 mg/L, 0.05 mg/L and 9.1 mg/L, 
respectively. Phosphate and ammonia levels in this study were lower than those of Alice Creek, Rivers 
State as reported by Bubu-Davies et al. (2022). 

CONCLUSION AND RECOMMENDATIONS

Means within the column with different superscripts are significant at p<0.05 Unit for taxonomic 
group - Mean ± SEM %

The study discovered, identified, and recorded a total of 824 individuals from 6 families, 48 genera, 
and 68 species of epilithic alage with Chlorophyceae and Cyanophyceae as dominant families in terms 
of number of species. The presence of pollution-indicator species Melosira italica, Melosira pusilla, 
Melosira sp. and Melosira virians, Cyclotella glomerata, Cyclotella meneghiniana, Cyclotella 
operculata, Cyclotella stelligera, Navicula placentula, Nitzschia acicularis, and Nitzschia closterium 
(Bacillariophyceae), Anabaena spirades, Lynbya limnetica, Lynbya birgei, Lynbya limnetica, Lynbya 
major, Microcystis aeruginosa, Oscillatoria lacustris, Oscillatoria lutea, Oscillatoria rubescens, 
Oscillatoria tenuis, and Oscillatoria lutea (Cyanobacteria) indicate organic pollution of the Upper 
Bonny Estuary at Amadi-Ama and Nkpogu Communities. The study recommends Constant awareness 
and enlightenment to preserve the health of the estuary.

176



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

American Public Health Association (APHA) (1998). Standard methods for the examination of water 
REFERENCES

 of Aquatic Sciences, 37(1):17-29.
 Nutrient Status as Bioindicator of Organic Pollution in Alice Creek, Rivers State, Nigeria. Journal 

Davies, O.A., Abowei, J.F.N. and Tawari, C.C. (2009a). Phytoplankton Community of Elechi Creek, Niger 

Bubu-Davies, O.A., Teere, M.B. and Igilar, G. (2022). Evaluation of Epiphytic Algae Assemblage and 

Botes, L. (2003). Phytoplankton identification catalogue at Saldanha Bay, SouthAfrica, April 2001. 

 Creek, Niger Delta in relation to Sediment quality indices. Scientific Journal of Animal 

Davies, O.A. and Ugwumba, O.A. (2013). Tidal influence on epiphyton population of Okpoka Creek, Upper 

 and waste water.20th(Ed), Washington D.C1213pp

Davies, O. A. (2018).  The indispensable creation in our planet.  Rivers State University Press. Inaugural 

Davies, O.A., Abulode, D.S. and Ugwumba, A.A.A. (2008). Phytoplankton of the lower reaches of 

Davies, O.A., Abowei, J.F.N. and Otene, B.B. (2009b). Seasonal abundance and distribution of plankton 

 GloBallast Monograph Series No. 7. IMO London.

Davies, O.A. and Otene, B.B. (2013). The epipelic algae distribution of Upper Bonny Estuary, Amadi-Ama 
 Bonny estuary, Nigeria. Journal of Scientific Research in Knowledge, 1(10): 373-387.

 Delta, Nigeria- A nutrient polluted Tropical Creek. American Journal of Applied Sciences, 

Environmental Protection Agency (EPA) (2012). Nitrates: In Water Monitoring and Assessment. 
 https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/2020-01.pdf

 Science, 2(1): 26-34.

 Okpoka Creek, Niger Delta, Nigeria. Journal of Fisheries International, 3(3): 83-90.

 6(6):1143-1152.

 of Minichinda Stream, Niger Delta, Nigeria. American Journal of Scientific Research, 2:20-30

Davies, O.A., Ikenweiwe, N.B. and George, A.D.I. (2015). Preliminary study on phytoplankton and nutrient 

 Lecture Series No. 57. 200pp 

 status of Oya Lake, Bayelsa State, Nigeria. Nigerian Journal of Fisheries, 12(2):878-888.

 Retrieved from https://archive.epa.gov/water/archive/web/html/vms57.html
Krammer, K. and Lange-Bertalot, H. (2000). Bacillariophyceae 5. English and French translation of the keys. 
 In: Büdel, B., Gärtner, G., Krienitz, L. and Lokhorst, G. M. (eds.). Süßwasserflora von Mitteleuropa. 

 Environmental (Surface and groundwater quality) regulations. Federal Republic of Nigeria

 Baker, J. and Pinckney, J.L. (2007). Effects of nutrient enrichment on prymnesium parvum 

Environmental Fact Sheet (EFS) (2019). Phosphorus: Too much of a good thing. Retrieved from 

Nwankwo, D.I. (2004). Studies on the Environmental Preference of Blue Green Algae(Cyanophyta) 

 population dynamics and toxicity: results from field experiments, Lake Possum Kingdom, 

National Environmental Standards and Regulations Enforcement Agency (NESREA) (2011). National 

 in Nigeria Coastal Waters. Nigerian Environmental Society Journal, 2(1):44-51.
Roelke, D.L., Errera, R.M., Kiesling, R., Brooks, B.W., Grover, J.P., Schwierzke, L., Urena-Boek, F., 

 2(5), 311 pp. Spektrum Akademischer Verlag, Heidelberg-Berlin

Singh, S., Anil, A.G., Kumar, V., Kapoor, D., Subramanian, S., Singh, J. and Ramamurthy, P.C. (2022). 
 USA. Aquatic Microbiology Ecology, 46:125-14.

 https://doi.org/10.1016/j.chemosphere.2021.131996.

 Nitrates in the Environment: A critical review of their distribution, sensing techniques, 
 ecological effects and remediation. Chemosphers, 278. Retrieved from 

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA

177



Corresponding Author:

NWACHUKWU, N.E., F.P.D. SATIMEHIN, Y.E. AGBEJA, G.O. ADEWUYI AND E.K. AJANI

POLYETHYLENE MICROPLASTICS AND THEIR IMPACT ON FISH 
BLOOD HEALTH: A STUDY ON Clarias gariepinus

University of Ibadan, Ibadan, Oyo State, Nigeria.

nkechinwachukwu69@gmail.com, +2348107919561

INTRODUCTION 

The ingestion of polyethylene by fish is often incidental, as these synthetic particles are mistaken for 
food due to their size, shape, and sometimes the biofilms that form on their surfaces. Once ingested, 
polyethylene particles can cause a range of physical and chemical impacts on fish. Physically, ingesting 
polyethylene can lead to gastrointestinal blockages, reducing the ability of fish to feed and potentially 
leading to starvation. Chemically, polyethylene can act as a vector for harmful contaminants, including 

Polyethylene, a synthetic polymer widely used in the production of plastics, has become a significant 
environmental pollutant, particularly in aquatic ecosystems. Its ubiquitous presence in water bodies is 
a growing concern due to its persistence, potential for accumulation, and adverse effects on aquatic 
organisms, including fish. 
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Microplastics (MPs) are an increasing environmental and public 
health concern, particularly in aquatic ecosystems. MPs disrupt 
biodiversity, carry pollutants, and infiltrate food chains, posing risks 
to aquatic organisms and humans. Polyethylene MPs, among the most 
common, significantly threaten C. gariepinus, a crucial species in 
aquaculture and ecosystems. This study assessed the hematology and 
serum biochemistry of C. gariepinus fed polyethylene microplastics 
over a 21-day exposure period.  A total of 120 fish, with an average 
weight of 20.26 ± 0.5g and an average length of 11.58 ± 0.52cm, 
were acclimatized for two weeks in the laboratory at the Department 
of Aquaculture and Fisheries Management, University of Ibadan, and 
stocked at a density of 10 fish per tank. Fish were fed diets containing 
0.0%, 0.5%, 1.5%, and 3.0% polyethylene MPs in a completely 
randomized design, with each treatment conducted in triplicate. 
Blood samples collected post-exposure were analysed for 
hematological and biochemical changes. Results showed significant 
reductions in red blood cells ranging from 3.62 ± 0.82 to 2.85 ± 
0.55, hemoglobin ranging from 6.90 ± 0.98 to 6.15 ± 0.017, and 
hematocrit ranging from 21.5 ± 3.53 to 19.5 ± 0.70, indicating 
hemolysis and cellular damage. Total protein levels decreased, and 
the values ranged from 3.43 ± 0.18 to 2.84 ± 0.71, suggesting 
osmotic imbalances. Liver enzymes AST ranging from 36.2 ± 3.85 to 
41.9 ± 3.03 and ALT ranging from 33.1 ± 2.39 to 38.6 ± 3.17 
increased with higher MP exposure, signaling liver damage. 
Microplastics harm aquatic health, disrupting ecosystems and urging 
further research on their long-term consequences.

ABSTRACT

Keywords: 
Fish physiology,
Aquatic toxicology,
Environmental stress,
Aquatic Organism Health
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persistent organic pollutants (POPs), heavy metals, and endocrine-disrupting chemicals, which adhere 
to the surface of the plastic particles (Rochman et al., 2014; Wright et al., 2013).

120 samples of Clarias gariepinus of mean weight and mean total length 20.26 ± 0.5g and 11.58 ± 
0.52cm respectively, were bought live from a fish farm in Ibadan, Oyo state. The fish was acclimatized 
in a holding tank in the laboratory at the Department of Aquaculture and Fisheries Management, 
University of Ibadan.  Acclimation of fish was done in freshwater by gradually changing the tank water 
for two weeks. The fish was fed daily to satiation during acclimation, with a pelleted commercial feed 
(35% crude protein) to remove any problem that could arise because of starvation.

The internal health status of fish can be characterized by indices describing hematological, and serum 
biochemical characteristics. Haematological properties such as red blood cell (RBC), haemoglobin 
concentration (Hb), haematocrit (Ht), mean corpuscular haemoglobin concentration (MCHC), white 
blood cell (WBC), monocytes are important indicators for evaluating the health status of fish following 
exposure to various environmental stresses, chemical toxicity, and bacterial infection. The study of serum 
biochemistry reflects the metabolic condition of several biochemical processes and the health status of the 
organism. Several researchers used haematological and serum biochemical parameters effectively as 
reflective bioindicators in ecotoxicological studies. These studies reveal internal alterations before the 
animal shows any external signs of toxic stress Serum biochemical parameters like AST, ALT, ALP, 
glucose, urea, creatine, total protein, and albumin of fish serum may reflect health status and several 
biochemical pathways in the metabolism of fish. In fish, the haematological parameters represent 
important laboratory indices useful in the diagnosis of many diseases and therefore for the evaluation of 
the state of health, physiological state of fish, food conditions, and quality of the water in which they live. 
The values of blood parameters provide useful information in various body processes and are of great 
importance in evaluating the harmful effects of anthropogenic pollution on the aquatic environment  . 
Fish live in intimate contact with the aquatic environment which significantly influences their blood 
homeostasis. In the past few years, there has been a significant increase in the experimental studies 
conducted in the hope of achieving a better understanding of the impact of microplastics on diverse 
organisms including fish. Fish homeostasis is altered by exposure to polluting substances and materials of 
various kinds (including microplastics), causing a series of protective mechanisms such as changes in blood 
parameters. Therefore, the hematological and biochemical parameters are useful bioindicators in 
evaluating the effect of different pollutants on fish.

Fish Exposure to Polyethylene, And Blood Collection
In this study of Clarias gariepinus, four treatment groups of fish were exposed to polyethylene 

 

Microplastics (MPs) raw powders with irregular-shaped particles were purchased from a plastic 
industry in Ibadan. Four (4) iso-nitrogenous and iso-lipidoneous test diets were prepared for this 
experiment. Diets were formulated with different percentage inclusion of Polyethylene (PE) 
microplastic- 0.0% (control), 0.5%, 1.5%, and 3.0%. Although the amount of microplastic of plastic 
polymer ingested by fish in the wild is not known (Jovanović, 2017), however, the PE dietary inclusion 
levels hypothetically reflect low, medium, and high exposure presumably. (Jovanovic, 2017) 
hypothesized that daily consumption of microplastics in the aquatic environment was about 0.3% 
which translates to 3.33 g kg1 feed during dietary exposure in a laboratory experiment. Formulated 
fish diets were mechanically mixed and pelletized into 2 mm diameter sizes using a locally fabricated 
machine. Pelleted diets were air-dried. Feed Ingredients for experimental Diets and percentage 
composition were: Fish meal (40%), soybean (15%), Corn (15%), Wheat Offal (15%) Vitamin 
premix(( 4%) starch (5%), Mineral Premix( 5%) fish oil (1%).

MATERIALS AND METHOD 
 Collection And Acclimation of Test Fish

Feed Preparation for Microplastic Exposure
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microplastics (PE-MPs) in their feed for 21 days. The fish were kept in randomized tanks, with water 
quality maintained by siphoning and replacing the tank water every three days. Blood was collected 
from the fish using a heparinized syringe, following a procedure   to avoid contamination, and stored 
for hematological and blood chemistry analysis. 
Statistical Analysis

RESULTS 

The data obtained were subjected to descriptive statistics (Means and Standard error). Further 
statistical test was performed with inferential statistics (One way ANOVA and Duncan Multiple 
Range Test) at p < 0.05 using IBM SPSS Version 22.

Table 1: Mean serum biochemistry parameters of PE microplastic at varying concentrations
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Serum Chemistry 

Parameters

Control 0.5% 1.5% 3.0% P<0.05

Total Protein (%) 3.43±0.18 3.18±0.45 3.02±0.38 2.84±0.71 0.04

Albumin(dL) 1.29±0.29 1.16±0.03 1.12±0.92 1.10±0.03 0.03

Globulin(dL) 2.14±0.52 2.00±0.29 1.67±0.85 1.52±0.46 0.04

AST(µL) 36.2±3.85 35.4±3.37 42.2±2.29 41.9±3.03 0.03

ALT µL)
33.1±2.39 32.8±3.84 40.3±3.74 38.6±3.17

Creatinine (mg/dL) 0.08±0.03 0.50±0.05 0.89±0.04 1.05±0.06 0.03

Means within the same row carrying different superscripts are significant at p < 0.05

Table 2: Mean hematological parameters of polyethylene

Hematology Parameters Control 0.5 % 1.5% 3.0 %

PCV (%) 21.5±3.53ab 19.5±2.12ab 18.7±2.0a 19.5±0.70ab

Hb (dL) 6.90±0.98d 6.35±0.77bc 6.30±0.84b 6.15±0.017a

RBC (x106/µL) 3.62±0.82c 2.84±0.56a 2.93±0.90ab 2.85±0.55a

WBC (x103/µL) 5.60±1.03a 7.00±0.57b 7.80±0.66bc 7.00±1.14b

Platelets (x105/µL) 7.00±1.14a 7.00±1.20a 7.10±0.18a 7.20±1.30a

MCV (fL) 59.5±5.33b 68.5±3.63c 56.50±0.90a 69.5±3.50cd

MCH (pg) 19.00±1.41ab 22.00±3.12bc 21.5±18.00b 21.4±4.95b

MCHC (%) 31.5±0.70a 32.00±1.20a 31.00±0.56a 31.00±2.30a

Lymphocytes (%) 31.5±2.12a 40.50±2.12d 36.50±4.20b 38.5±2.14c

Heterophils (%) 69.50±1.40d 59.0±0.70a 64.5±0.92c 61.5±2.21ab

Monocytes (%) 0.50±0.01a 0.05±0.01a 0.00±0.001a 0.00±0.0 a

Means within the same row followed by different letters are significantly different (P < 0.05). PE= 
concentration of Polyethylene, HB = haemoglobin, PCV = packed cell volume, RBC = red blood 
cells, WBC = white blood cells, MCV = mean cell volume, MCH = mean cell haemoglobin, MCHC 
= mean cell haemoglobin concentration mean cell haemoglobin

This study reveals significant impacts of polyethylene (PE) microplastic exposure on the hematological 
and biochemical parameters of C. gariepinus, with important implications for aquatic ecosystems and 
food security. Key hematological indicators such as RBC, hematocrit (Ht), hemoglobin (Hb), total 
protein, AST, and ALT are crucial for assessing fish health after exposure to environmental stresses, 
chemical toxicity, and infections (Kim et al., 2021). Results showed reductions in RBC, Hb, PCV, and total 
protein levels, indicating hemolysis, anemia, and impaired protein synthesis, consistent with findings by 

DISCUSSION 
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CONCLUSION

 Environmental Pollution, 249, 940–947. https://doi.org/10.1016/j.envpol.2019.03.084

(Kim et al., 2021) and (Iheanacho and Odo 2020). MP exposure also causes physical and chemical damage 
to red blood cell membranes, resulting in hemolysis, reduced hemoglobin, and hematocrit levels (Kim et 
al., 2021; Iheanacho and Odo, 2020) Elevated AST, ALT, and creatinine levels suggest liver and kidney 
damage, corroborating (Hamed et al., 2022). Increased WBC and lymphocyte percentages reflect 
immune responses, aligning with observations by (Hamed et al., 2022). The implications are profound: 
microplastics in aquatic environments can compromise fish health, leading to reduced growth rates, 
increased susceptibility to diseases, and potential declines in fish populations, all of which threaten 
aquaculture productivity. Furthermore, these disruptions to fish physiology may affect human health 
through the biomagnification of microplastics and their associated toxins in the food chain, as suggested by 
Digka et al. (2018) and Banaee et al. (2019). This highlights the urgency of mitigating microplastic 
pollution to safeguard aquatic biodiversity, ecosystem balance, and food security

The current study thus confirmed that hematological parameters are very responsive parameters for 
evaluating the toxic responses of the fish following exposure to microplastics.  MPs intoxication reveals 
the anaemic condition in fish species. It is believed that alterations in hematological indices and serum 
biochemistry may be a protective mechanism against MPs toxicity. Overall, the present study offers 
supplementary shreds of evidence for the usage of serum biomarkers in assessing the health of fish
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INTRODUCTION
Microplastics is defined as the plastic particles in the size range of 1 nm to <5 mm (GESAMP, 2015). 
Fish consume plastic fragments accidentally, usually mixed with their natural prey or feed (Enyoh et 
al., 2020). Microplastics are of increasing concern in aquatic environments due to the ecotoxicological 
risks they pose. Microplastic ingestion by a range of species can compromise energy reserves and can 
bioaccumulate and biomagnify through the food chain. They are also prone to adsorbing many 
substances including heavy metals, and may transfer priority pollutants, such as Polycyclic Aromatic 
Hydrocarbons (PAHs) and Polychlorinated Biphenyls (PCBs), to aquatic life (Bakir et al., 2014). 
Micro and nano plastic particles can be transferred to living cells through the lymphatic or circulatory 
system. This results in Micro Plastics' dispersion in the whole body and the induction of severe effects 
such as decreased feeding activity (Campos et al., 2021), genotoxicity (Guimarães et al., 2021) and 
even mortality (Naidoo and Glassom, 2019). Many scientists have recently focused on the effects of 
MPs in fish and on human health. Despite the fact that the number of publications is growing, the 
possible consequences are still largely unknown (Muniasamy et al., 2020).
Fish are commonly used as model species to assess aquatic ecosystem health due to their accumulation 
of pollutants, which can lead to adverse effects like death. The analysis of environmental genotoxicity 
provides early warning signals of adverse long-term effects of the contamination (Rybakovas et al., 
2009). The micronucleus test, a reliable assay for detecting genetic damage, identifies erratic nuclei 
formed during cell division. Generally, there is a scarcity of knowledge about the impacts of 

120 samples of C. gariepinus from a commercial fish farm were fed 
microplastic-included diet for 21 days. Microplastic inclusion 
percentages were 0%, 0.5%, 1.5%, and 3%. Genotoxicity was assessed 
using the micronucleus test, and data were analyzed with ANOVA at 
p<0.05. Micronuclear abnormalities (miconuclei) were significantly 
higher (p<0.05) in the MP groups compared to the control. 
Abnormalities were highest (6.30±0.05 MnRBCs/1000) at 3% 
inclusion rate and least in the control group (0.00±0.00 
MnRBCs/1000). The findings indicate that MPs are capable of inducing 
erythrocyte mutations, posing health risks to humans consuming 
contaminated fish. 

Aquatic ecosystems are at risk due to global pollution by microplastics 
(MPs). Despite growing scientific interest, the presence of 
microplastics in African aquatic habitats and their impact on aquatic life 
remain unclear. This study investigated the effects of microplastics on 
the genotoxicity of Clarias gariepinus. 

ABSTRACT

Keywords:
Genotoxicity,
Erythrocytes,
Microplastic pollution, 
Micronucleus assay
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Experimental Fish

microplastics (MPs) on the early juvenile stage of freshwater fish (Hamed et al., 2019). Hence, this 
study was conceived to examine the toxicity of concentrations of Polyethylene microplastic in the 
African catfish (Clarias gariepinus) juveniles using the micronucleus assay.

MATERIALS AND METHODS

120 samples of Clarias gariepinus (average weight of 19±0.5g) were obtained from a private farm in 
Ibadan, Oyo State. The fish was acclimated in a plastic tank for a period of 2 weeks to ensure that 
disease-free fish were used for the experiment. 

Statistical analysis

Micronuclei frequencies per 1000 erythrocytes=

DNA Damage Estimation using Micronucleus Assay
Preparation of slides

Feed Preparation for microplastic exposure
Four (4) iso-nitrogenous and iso-lipidoneous test diets were prepared for the experiment. Diets were formulated 
with the following ingredients: Fish meal (40%), Soybean meal (15%),  Corn (15%), Wheat offal (15%), 
Vitamin premix (4%), Starch (5%), Mineral premix (5%), Fish oil (1%) (Iheanacho and Odo, 2020).

Peripheral blood samples obtained from the caudal vein were smeared on clean, grease free frosted 
glass slides. Slides were fixed in methanol for 10 minutes and left to air-dry at room temperature, it was 
then stained with 10% May and Graunwald stain solution for 10 minutes and finally stained with 5% 
Giemsa in Sorenson's buffer (pH 6.9) for 30 minutes, all fixing and staining process was done in a 
coupling jar. Each slide was rinsed in distilled water after each staining process before air drying, 1000 
erythrocyte cells were scored from each slide under light biological Microscope (XSZ-PW206 Series, 
oil immersion lens, 100/1.25). 

Four treatment samples, each containing 10 fish were prepared in the laboratory. Formulated fish diets 
were mechanically mixed and pelletized into 2 mm pellets using a locally fabricated machine, then air-
dried and fed to experimental fish. Fish were randomly allocated to four tanks containing varying levels 
of microplastic microplastics (0.0% (control), 0.5%, 1.5%, and 3.0%). Tank water was siphoned every 
three days and replaced with clean tap water to maintain water quality by removing faecal materials 
and feed remnants.

The slides were analysed for Micronuclear abnormalities at x 1000 using microscope. Micro bodies 
which are 1/3 to 1/10 in length and 1/3 in diameter, have same colour, refraction and clearly separated 
from the main nucleus were scored as micronuclei.

The frequencies of induced macronuclei per thousand cells was calculated as 

Experimental design and fish exposure

Scoring of slides 

The frequencies of micronuclei were analysed using Excel 2019. Significant differences between 
treatment and control groups were compared using one-way ANOVA. Dunnett multiple post hoc tests 
(p < 0.05) were conducted with GraphPad Prism 8.0 to assess significance between treated groups.
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No of micronucleus

Total numbers of cells counted
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MnRBCs= Micronuclei Red Blood Cells, Values are Mean±Standard Deviation. Means within the same row 

Table 1: Frequency of micronuclei cells in the peripheral erythrocytes of C. gariepinus fed 
Microplastic induced diets for 21 days.

RESULTS AND DISCUSSIONS

Frequency of 
micronucleus Control 0.5% 1.5% 3.0%

P < 0.05

MnRBCs/900 RBCs 0.00±0.00 1.57±0.01 2.30±0.01 4.85±0.50
0.00040

Cell counted 900±4.67

450±7.07

300±8.10 270±70.00
0.00030

MnRBCs/1000 RBCs 0.00±0.00a 2.90±0.01b 4.00±0.01c 6.30±0.05d
0.00035

row with different superscripts are significantly different (p<0.05)

Table 2: Mortality rate of C. gariepinus during the 21 days exposure to MP induced diets.

Inclusion 
percentage

No of fish 
exposed

Mortality Mortality (%) Survival (%)

0.0 30 0 0 100

0.5 30 4 13.33 86.67

1.5 30 8 26.67 73.33

3.0 30 10 33.33 66.67

Plate 1: Micronuclei cells Plate 2: Micronuclei cells Plate 3: Normal peripheral erythrocyte

Magnification: x1000
Micronuclear abnormalities of C. gariepinus exposed to Microplastic C. gariepinus for 21 days
The results of this study indicate the activation of a genotoxicity indicator; nuclear morphological 
abnormalities in tissues of C. gariepinus exposed to Polyethylene microplastic. The genotoxic impacts 
of pollutants can be attributed to the excessive generation of reactive oxygen species (ROS) (Reeves et 
al., 2008). In specific, DNA damage as well as induction of micronucleus in animal tissue is a 
consequence of ROS production (Rehman et al., 2014). The micronucleus test has been widely used in 
fish to assess the mutagenic effects of various pollutants, both in laboratory and field conditions 
(Canedo et al., 2021). A review of research on the effects of exposure to MPs (concentration ≤1 mg L-
1) on aquatic organisms (Sun et al., 2021) reported a notable genotoxic challenge. In this study, it was 
found that exposure to PE-MPs at various concentrations led to a significant decrease in cells with 
normal nuclei morphology in C. gariepinus, compared to cells of fish not exposed to MPs. 
Furthermore, a significant increase in nuclear abnormalities such as the formation of cells with 
micronucleus was observed after exposure to microplastics. Romdhani et al., 2022 observed that the 
frequency of micronuclei in hemocytes of Mytilus galloprovincialis mussels significantly increased 
compared to the control group after 3 days of exposure to a mixture of microplastics collected from the 
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The rapid industrialization, urbanization, population growth, 
agricultural and other human activities have resulted in severe pollution 
of the environment with heavy metals around the world, especially in 
developing countries. Significant quantities of heavy metals from these 
activities are discharged into rivers, which can be strongly accumulated 
and biomagnified in water, sediment, and aquatic food chain, resulting 
in sub-lethal effects or death of fish and other aquatic organisms. The 
industrial, agricultural and other anthropogenic activities around the 
river at Lokoja are capable of releasing some heavy meals into the water 
body, thus the need to consistently monitor the concentration of these 
heavy metals in the water, sediments and aquatic organisms such as fish. 
This study was carried out to determine the level of heavy metal 
concentration in water and sediment from Lower River Niger at Lokoja. 
Results obtained shows that the highest mean values for Pb (3.91±1.50 
mg/l), Cr (1.35±0.17 mg/l) and Mn (10.45±2.61 mg/l) were recorded 
at location B. the value of Zn was highest at location C (0.18±0.04 
mg/l) while Cu was higher at location A and B (0.04±0.01 mg/l). The 
lowest mean values for Pb (0.23±1.50 mg/l), Cu (0.05±0.01 mg/l), Cr 
(0.86±0.17 mg/l) and Mn (2.40±2.61 mg/l) were recorded at location 
C, while that of Zn (0.12±0.04 mg/l) was recorded at location A. The 
mean Monthly variations in the concentration of heavy metals in soil 
sediments shows that Pb (4.125) and (Cu 0.054) recorded the highest 
value in June, Cr (0.9478) and Mn (7.929) had the highest values in 
May while Zn (0.198) recorded the highest value in July. The lowest 
concentrations of Pb (0.00±1.48), Cu (0.00±0.01) and Zn 
(0.082±0.03) were recorded in May while Cr (0.94±0.18) and Mn 
(3.20±2.80) recorded lowest values in June respectively. There were 
no significant differences (p>0.05) in concentration of the heavy 
metals across the locations. The concentration of heavy metals were 
below the limit set by World Health Organization (WHO). However, 
Pb and Cr concentrations at location B exceeded the World Health 
Organization (WHO) permissible limits for drinking water (0.01 mg/l 
and 0.05 mg/l respectively), indicating a contamination and potential 
health risks to both aquatic life and humans. 

ABSTRACT 

Keywords:
Pollution, Anthropogenic,
Aquatic, Contamination
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The study was carried out at Kogi State University Ayingba, Kogi State, Nigeria. Located on latitude 
8.1046°N and longitude 6.7976°E in the Northern part of Nigeria. The area is predominantly inhabited 
by the Ebiras, Yorubas, Igbos, Bassas, and Nupes who engage mostly in peasant farming, fishing with 
crude methods and trading.

INTRODUCTION

MATERIALS AND METHODS
 

Heavy metals pollution has become a major concern worldwide due to their toxicity, intrinsic 
persistence, non-biodegradable nature, and accumulative behaviors (Islam et al., 2018). They are inert 
in the environment and are often considered to be conservative if left undisturbed (Hossain et al., 
2018). The rapid industrialization, urbanization, population growth, agricultural and other human 
activities have resulted in severe pollution of the environment with heavy metals around the world, 
especially in developing countries (Ahmed et al., 2018). Significant quantities of heavy metals from 
such activities are discharged into rivers, which can be strongly accumulated and biomagnified in water, 
sediment, and aquatic food chain, resulting in sub-lethal effects or death in local fish populations (Khan 
2018). Contamination of freshwater ecosystems by heavy metals such as cadmium, lead, mercury, 
copper, zinc, arsenic, chromium, and cobalt has become a public health concern due to their eventual 
build-up in living organisms, particularly in the food chain. (Pandiyan, et al., 2020). Aquatic 
ecosystems such as rivers, dams and lakes provide livelihood for rural populations in many developing 
countries in Africa. However, in the recent past, they have been subjected to various forms of 
degradation due to pollution arising from domestic wastes, industrial effluent, agricultural run offs, 
power generation and bad fishing practices (Ndimele, 2018).  According to Amin et al., (2021), heavy 
metals tend to accumulate in soils and sediments after weathering processes and can be deposited in 
water bodies due to surface run-offs. The Lower River Niger serves as the main source of water in the 
community used for fishing activities, irrigation farming and domestic uses. There are small industries, 
mechanic workshops and scrape refuse dumps found around the lower River Niger. These activities are 
capable of releasing some heavy metals into the river thus; the need to consistently monitor the 
concentration of these heavy metals in the water, sediments and aquatic organisms such as fish. This 
research was carried out to determine some heavy metals concentration in water and sediment from 
lower River Niger at Lokoja.

Water Sample Collection, Pre-treatment and Digestion.

Figure 1: Map of Nigeria showing the study area ( Koton Karfe). (Source: Google).

Water samples were collected twice a month within May and July 2024. Sampling was done along the 
river at three selected sites labelled location A, B and C which were 500m apart. Water sample was 
taken below the water surface (depth of 1.5m) using one (1) liter acid-leached polypropylene 
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Determination of Heavy Metals in the Samples

Data was analyzed using ANOVA. 5% level probability was considered to indicate statistical significant 
difference. Means of significant differences were separated using Duncan's Multiple Range Test.

RESULTS
Heavy metal concentration in water sample

Statistical Analysis

containers. To avoid contamination, the collected water samples were samples were placed in an ice 
bath, taken to the laboratory and kept in 1% HNO3 at 4 °C. Samples were filtered using a Whatman 
no.1 (0.45 mm) filter paper, 100 ml was measured in a conical flask, five ml of concentrated H2SO4 
was added and heated for about two hours at 105 °C until the volume reached to 25 ml and the sample 
was transferred in a 100 ml volumetric flask. Deionized H2O was gradually added to the flask until 100 
ml volume of the sample was reached. The sample solution was kept in a well cleaned and labelled 
analytical bottle until metal analysis.

The highest mean concentration of Pb (3.91±1.50 mg/l) was recorded at Location B, while the lowest 
(0.23±0.10 mg/l) was observed at Location C. The highest mean concentration of Cu (0.04±0.01 
mg/l) was recorded at both Location A and B, while the lowest (0.02±0.01 mg/l) was observed at 
Location C. The highest mean concentration of Zn (0.18±0.04 mg/l) was recorded at Location C, 
while the lowest (0.12±0.04 mg/l) was observed at Location A. There is no significant. The highest 
mean concentration of Cr (1.35±0.17 mg/l) was recorded at Location B, while the lowest (0.86±0.17 
mg/l) was observed at Location C. The highest mean concentration of Mn (10.45±2.61 mg/l) was 
recorded at location B while the lowest (2.40±2.61) was seen at location C. There were no significant 
differences (p>0.05) in concentration of Cu and Zinc across the locationsthe locations.

Collection and Digestion of Soil Sediment Samples

Table 1: Concentration of Heavy Metals in Water Sample of River Niger at Lokoja

Soil sediment were collected from the three marked locations. At each location, three different soil 
samples were collected and mixed thoroughly to get a composite sample. The samples were collected 
using a core sampler rinsed with HNO3 (10%), and the samples were kept for analysis. The preserved 
soil sediment was dried for three days to remove the moisture content. The dried soil sample was 
crushed to fine powder and filtered using a 2 mm sieve. The filtered sample was transferred in to a 100 
ml volumetric flask and deionized H2O was added until 100 ml was reached and samples were kept 
until analysis. 

Sample were poured into an auto-analyzer cup and concentration of heavy metals (Copper (Cu) 
chromium (Cr), Zinc (Zn), Manganese (Mn) and Lead (Pb) were analyzed according to the 
Environmental Protection Agency method as described by Martin (2003). The concentrations of metal 
ions of the samples were measured using the standard procedure with the Atomic Absorption 
Spectrophotometer (AAS). Perkin Elmer Model 306.
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Parameter Location A (Mean±SEM) Location B (Mean±SEM) Location C (Mean±SEM)

Pb (mg/l) 0.30±0.10a 3.91±1.50b 0.23±0.10a

Cu(mg/l) 0.04±0.01a 0.04±0.01a 0.02±0.01a

Zn(mg/l) 0.12±0.04a 0.13±0.04a 0.18±0.04a

Cr(mg/l) 0.95±0.17a 1.35±0.17b 0.86±0.17a

Mn(mg/l) 4.41±1.61a 10.45±2.61b 2.40±2.61c

Treatment means with similar superscripts within the same row are not significantly different (p>0.05)
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Table 2: Monthly Variation in the Concentration of heavy Metals in sediment from Lower River 
Niger at Lokoja

Monthly Variation in the Concentration of heavy Metals in Lower River Niger at Lokoja
The monthly variation in concentration of heavy metals is shone in table 2. The highest value for Pb 
(4.13±1.48 mg/l)   and Cu (0.05±0.01 mg/l) were recorded in the month of June, Zn (0.20±0.03 mg/l) 
recorded highest in July while Cr (1.18±0.18 mg/l) and Mn (7.93±2.78 mg/l) recorded highest values in 
May. The lowest values for Pb (1.48±0.08 mg/l), Cu (0.00±0.00 mg/l) and Zn (0.08±0.03 mg/l) were 
recorded in May, while Cr (0.94±0.18 mg/l) and Mn (3.12±2.80 mg/l) were lowest in June.

Parameter May
(Mean±SEM)

June
(Mean±SEM)

July
(Mean±SEM)

Pb (mg/l) 1.48±0.08a 4.13±1.48b 1.48±0.31a

Cu(mg/l) 0.00±0.00a 0.05±0.01a 0.05±0.01a

Zn(mg/l) 0.08±0.03a 0.15±0.03a 0.20±0.03a

Cr(mg/l) 1.18±0.18a 0.94±0.18a 1.04±0.18a

Mn(mg/l) 7.93±2.78a 3.12±2.80b 6.12±2.80c

Treatment means with similar superscripts within the same row are not significantly different (p>0.05)

DISCUSSION
One way in which Pb is distributed in the environment is through agricultural practices such as the 
application of fertilizers and pesticides (Hashmi, et al., 2013). Generally the presence of Zn in the 
aquatic ecosystem is facilitated from the atmosphere and it can be settled in soils and water (Kumar, et 
al., 2012). The source of Zn in the Lower River Niger could be attributed to the construction activities, 
national highways, solid waste burning, aquaculture industries and agricultural practices. Pesticides 
and fungicides containing Zn sulphate are an additional source of Zn in the aquatic system. Copper 
(Cu) is a trace nutrient for all known living organisms. Its role is vital in the physiology of cells, 
structure and functions of proteins in living organisms (Janssens et al., 2002). Cu in the aquatic 
environment could be due to severe quarrying, manufacturing of various types of equipment, and 
refineries as well as farm lands and waste treatment sites (Pandiyan, et al., 2020). The mean 
concentrations of heavy metals such as Pb, Cu, Zn, Cr, and Mn at the three different locations along 
River Lokoja showed variations in the concentrations though the differences in some metals were not 
statistically significant (p>0.05). The highest concentration of Pb as recorded at Location B 
(3.91±1.50 mg/l), suggest localized contamination, possibly from anthropogenic activities like 
industrial discharge or runoff from agricultural farm lands. However, the overall Pb levels were 
relatively low at other locations, with the lowest value at Location C (0.23±0.10 mg/l). These values, 
particularly the high concentration at Location B, exceed the World Health Organization (WHO) 
permissible limits for drinking water (0.01 mg/l for Pb), (as reported by Ugwu, et al.,  2022) indicating 
potential health risks to both aquatic life and humans. The concentrations of Cu and Zn were uniform 
across the locations, with Cu showing no significant difference between locations, and Zn exhibiting 
slightly higher concentrations at Location C. The consistency in Cu levels might indicate a widespread 
but low-level source of contamination, which could result from agricultural runoff or natural mineral 
deposits. The Zn levels, while higher at Location C, are still within acceptable limits, suggesting that 
the river is not heavily impacted by Zn pollution. Chromium (Cr) levels were highest at Location B 
(1.35±0.17 mg/l), surpassing the WHO maximum permissible limit (0.05 mg/l). This could point to 
specific industrial or municipal waste discharges near Location B, making this area a critical point for 
further investigation and possible remediation efforts. Heavy metals in soil sediment during May, June, 
and July indicates fluctuations in concentration levels, with certain months exhibiting significantly 
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INTRODUCTION

Tilapia (Oreochromis niloticus) is an important fish species in Nigeria, with Kalgwai Dam in Hadejia, 
Jigawa State being one of the major sources of this fish. However, there is limited information on the 

Water pollution has become a menace in recent times, causing a great damage to the aquatic 
ecosystems. Waste from   farms, industries and domestic uses gradually find their way into the aquatic 
environment. Most of the water bodies have become polluted due to haphazard and extravagant 
pouring of wastes into them and making it unfavorable for aquatic organism (Chindah et al., 2008). 
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The present study investigated the hematological indices of 
Oreochromis niloticus (Nile tilapia) from Kalgwai Dam, Hadejia, 
Jigawa State, for the period of twenty-four months (24) with a focus 
on assessing the health status of the fish population in relation to 
potential environmental stressors and parasitic infections. 
Haematological indices count such as Packed cell volume (PCV), Red 
blood cell (RBC), Haemoglobin (Hb), Mean corpuscular volume 
(MCV), Mean corpuscular haemoglobin (MCH), Mean corpuscular 
haemoglobin concentration (MCHC), White blood cell (WBC), 
Neutrophils, Lymphocytes were analyzed using standard laboratory 
procedures. The mean value recorded for PCV. were 15.00 % to 
34.50%, RBC were 1.35±0.21to 2.70±0.28, (Hb) were 6.50 g/dL to 
11.50 g/dL, mean of MCV, MCH and MCHC ranged from 
26.00±14.14 to 61.00±28, 34.50±16.26 to 52.50±17.68 and 
24.50±9.19 to 49.00±7.07 for MCV, MCH and MCHC 
respectively. WBC were 120.00±28.28 to 230.50±57.28, 
Neutrophils ranged from 33.50±14.85 to 56.00±21.21, 
Lymphocytes were 34.00±12.73 to 61.50±27.58. The observed 
variations in hematological parameters are indicative of sample fish 
health conditions, potentially linked to water quality issues or 
parasite prevalence in the dam. This study underscores the 
importance of regular monitoring of hematological indices as 
bioindicators of fish health, which can serve as an early warning 
system for ecological disturbances and the presence of disease-
causing agents in aquatic ecosystems.

ABSTRACT

Keywords:
Water pollution,
Heavy metals, 
Aquatic ecosystem,
Physiological changes
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haematological indices of tilapia from this dam. Haematological indices are important indicators of fish 
health, and changes in these indices can indicate exposure to environmental stressors, diseases, or 
pollution. Therefore, this study aims to investigate the haematological indices of tilapia from Kalgwai 
Dam in order to provide baseline data for future studies and to assess the health status of the fish. The 
main objectives of the study are to determine the haematological indices of tilapia (Oreochromis 
niloticus) from Kalgwai Dam, Hadejia, Jigawa State, Nigeria.

MATERIALS AND METHODS

Kalgwai Dam is located about 50 m away from Kalgwai village in Auyo Local Government Area of 
Jigawa State, Nigeria. It was impounded on River Hadeja in 1984 by the Federal Government of 
Nigeria for the purpose of irrigation under the then Hadejia Valley Irrigation Project which was 
coordinated by Hadejia-Jama'are River Basin Development Authority (H.J.R.B.D.A). It covers an 
estimated area of 3,800 sqkm2 (Matthes, 1990). The study was carried out in twenty-four (24) 
months, between January 2022 and December, 2023.

Samples of Tilapia (Oreochromis niloticus) were collected fortnightly from January, 2022 to 
December, 2023. The fishes were transported to the laboratory for further analysis.

Fish samples collection

Standard haemocytometer was used in the counting of the red blood cells according to method of 
Blaxhall and Daisley (1973) 

Description of Study Site

Blood samples were collected from the caudal penduncle with the use of 5ml syringe and needle that 
has been treated with anti-coagulant such as heparin to prevent clotting into small sampling bottles 
containing Ethylene diamine tetra-acetic acid (EDTA). After the collection, the blood samples were 
taken to the laboratory of the Department of Biology, Binyaminu Usman Polytechnic, Hadejia, Jigawa 
State where the haematological examination was carried out.

Blood Collection and Haematological Examination

 Packed cell volume
Blood were collected into microhaematrocrit haprinised tube which was sealed with critaseal at one 
end. The sampled tubes were then centrifuged for 5 minutes at 12000rpm using Hawksley 
microhaematocrit centrifuge. The haematocrit values were read on a microhaematocrit reader. A mean 
of two readings was recorded as percentage for the fish haematocrit

Determination of Red blood cells counts

Where C = Number of cells counted
WBC (103/ml) =    

RBC (106/ml) =   

S = Number of 1mm square counted

Determination of White blood cells counts

Where, C = Number of cells counted

S = Number of 1mm square counted.

D = Diluting factors

White blood cells were determined using the method described by Blaxhall and Daisley, 1973; Ibu and 
Adeniyi, 1989 

D = diluting factor
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Determination of haemoglobin

The mean corpuscular hemoglobin (MCH) was calculated using the formula described by dacie and 
lewis (1977) 

The mean corpuscular haemoglobin concentration (MCHC)

Determination of mean corpuscular hemoglobin (MCH)

            RBC/uB (in 106)

The cyanmet-haemoglobin method was used as described by Larsen and Snieszko (1961) 

The mean corpuscular volume (MCV) was determined as described by Dacie and lewis (1977) 
Determination of mean corpuscular volume (MCV)

WBC (103/ml) =   

MCV (dL) = Packed cell volume /dL x 10

Determination of mean corpuscular haemoglobin concentration (MCHC)

MCHC (g/dL) =   

Hematological parameters 
The monthly mean values of blood parameters of the examined O. niloticus from January, 2022 to 
December, 2023 shown in table1. The Parked cell Volume (PCV) of O. niloticus values ranged from 
15.00 % to 34.50% in the month of July and October 2022 respectively. The obtained values are higher 
than 10.12 % to 24.90 % reported by Kefas et al., (2015). But, is in line with the finding of Ayandiran et 
al. (2010), who stated that normal haematocrit values usually fall within the range of 20-35% and are 
rarely greater than 50% for fish. 

RESULTS AND DISCUSSION

The monthly mean of red blood cell (RBC) ranged from 1.35±0.21 in November 2023, to 2.70±0.28 
in October, 2023, the values tally with Ayoola et al. (2014), findings reporting 2.13±1.47. More so, 
higher than what observed by Kefas et al. (2015). Likewise, is in agreement with (Witeska, 2013), 
revealing that RBC usually ranges from 0.5–1.5 × 106/L in less active species to 3.0–4.2 × 106/L in 
more active ones. 
The monthly mean of O. niloticus Hemoglobin (Hb) were 6.50 g/dL and 11.50 g/dL in July and March 
2022, the finding is in agreement with what observed by (Adedeji and Adegbile 2011), who reported 
9.280 and 8.325 Hb for Clarias gariepinus and Chrysichthys nigrodigitatus respectively, but slightly 
differs with 4.05 g/dL to 10.43 g/dL revealed by Kefas et al., (2015). The decrease in Hb corresponds 
with the decrease in dissolved oxygen; an indication that the decrease in haemoglobin resulted in 
haemo dilution. Gafaar et al. (2010). The monthly mean of Derived erythrocyte parameters (MCV, 
MCH and MCHC) of O. niloticuswhich describe the morphology and properties of red blood cells, i.e. 
MCV (mean corpuscular volume), MCH (mean corpuscular hemoglobin) and MCHC (mean 
corpuscular hemoglobin concentration) ranges from 26.00±14.14 to 61.00±28.28, 34.50±16.26 to 
52.50±17.68 and 24.50±9.19 to 49.00±7.07 for MCV, MCH and MCHC respectively. However, 
previous researches and findings are in close agreement with the current value in some parameters and 
differs in others, while others in total disagreements as in the case of Ayoola et al. (2014), Kefas et al. 
(2015) and (Adedeji and Adegbile 2011). The analysis of these parameters may be useful in diagnostics 
of some fish diseases, e.g., anemia. The increase of MCV is a “low cost” response to anaemic state in 
some fish species. However, fish suffering with anemia can exhibit decreased values of all red blood cell 
parameters (Witeska, 2015).

was calculated using the formula described by Dacie and lewis (1977)

The white blood cells (WBC) of O. niloticusmonthly meanvalue was 120.00±28.28 in the month of 
February, 2023, maximum value was 230.50±57.28 in October, 2022. The value observed is lower 
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The temperature ranging between 25.51°C in Marke and 25.87°C in Kalgwai, this is in line with the 
work of Oniye et al. (2002) who reported Mean annual surface water temperature of 26.56°C in Zaria 
Dam with the highest values recorded in April, May, June and October and the lowest recorded in 
December. However, coincide with the report of Lawal and Ahmed (2014) who reported that the 
normal range of temperature in the tropics to which fish is adapted is between 8°C and 30°C and these 
make the critical thermal minimum and maximum respectively. The mean transparency ranged 
between 0.25 m and 0.28 m. this finding is in line with the finding of Tegu, Ekemube, (2023) who 
reported higher turbidity value during the rainy season (28.50) than that obtained during the dry 
seasons (11.64), The PH, mean value ranged between 6.52 and 6.64 and were within the acceptable 
limits of 6.5- 8.5 for fresh water bodies set by National Standard for Drinking Water Quality (2007). 
this finding agreed with the work of Teame and Abergelle (2016) who reported Seasonal variations of 
pH values in dry season as (7.80 ± 0.58) significantly lower) than wet season (8.30 ± 0.34). The mean 
DO of Kalgwai Reservoir ranged between 6.03 mg/l and 6.09 mg/l. this finding is in line with the 
finding of (Chindah & Braide, 2003) who reported on the amount of dissolved oxygen in water not to 
be constant but fluctuates, depending on temperature depth and number of biological activities. 
However, coincide with the finding of (Hanna, 2003). Who revealed that dissolved oxygen level of 
5mg/l or greater will support healthy growth of most fishes. The mean value of alkalinity varied 
between 24.93 ppm and 25.26 ppm for the stations. The alkalinity values recorded in this study were 
within the recommended values between 5-500mg/l (Lawson, 1995). The findings Agreed with the 
finding of (USEPA, 1976), who reported that Alkalinity is important for fish and other aquatic life 
because it buffers pH changes that occur naturally due to photosynthesis.  The mean value of ammonia 
ranged between 1.55 ppm and 1.56 ppm in Kalgwai Reservoir. The mean value of hardness ranged 
between 78.56 ppm and 80.25 ppm.  the finding is in conformity with the findings of (Mustapha, 
2009). Who reported that water having hardness less than 5ppm calcium carbonate CaCO3 equivalent 
cause low growth, distress and eventually death of fish, total hardness value, which is the sum of 
calcium and magnesium hardness concentrations, was found to be significantly higher in the wet 
season; this was the same for calcium and magnesium ions. Also, in line with the finding of (Wetzel, 
2001). Who revealed productive water to however, qualified to have hardness <500,

than (Adedeji and Adegbile 2011), revealed value of 14692.50 and 19385.00 for Clarias gariepinus and 
Chrysichthys nigrodigitatus respectively. But higher than what is obtained by Ayoola et al. (2014), 
nevertheless, similar to Kefas et al. (2015) findings. 

Table 1: Haematological analysis of Oreochromis niloticus from Kalgwai reservoir 

Parameter Site P-value

Kalgwai Dingare Marke

PCV (%) 22.50 ± 6.36b 24.50 ± 4.95a 25.50 ± 2.12a 0.025*
RBC (×106 cells/mm3) 1.55 ± 0.21a 1.20 ± 0.28a 1.75 ± 0.21a 0.051
Hemoglobin Conc. (g/dL) 6.00 ± 2.83b 8.00 ± 2.83a 9.00 ± 3.54a 0.001*
MCHC 41.50 ± 20.5a 39.00 ± 16.9b 37.00 ± 18.3c 0.022*
MCH (pgm) 53.50 ± 19.09a 46.00 ± 16.9b 44.00 ± 18.3c 0.005*
MCV (fL) 29.00 ± 14.44a 29.00 ± 15.56a 26.00 ± 12.02b 0.037*
WBC (×103 cells/mm3) 130.50 ± 36.06c 153.00 ± 36.77a 148.00 ± 32.53b 0.015*
Neutrophils/Heterophils (%) 47.50 ± 9.19b 51.00 ± 21.21a 47.00 ± 25.46b 0.001*
Lymphocytes (%) 45.00 ± 14.14b 51.00 ± 16.97a 43.00 ± 13.44b 0.004*

Means in rows having same letters were not significantly different (P >0.05)
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Table 2: Physicochemical parameters of Kalgwai Reservoir from January 2022 to December 2023

Parameter Kalgwai Dingare Marke P-value 
ANOVA

Temperature (°C) 25.87 ± 2.52a 25.52 ± 2.55b 25.51 ± 2.45b 0.025*
Transparency (m) 0.28 ± 0.02a 0.25 ± 0.03b 0.28 ± 0.02a 0.001*
Ph 6.64 ± 0.58a 6.52 ± 0.49b 6.56 ± 0.49ab 0.022*
Dissolved oxygen (mg/l) 6.03 ± 0.27c 6.07 ± 0.23b 6.09 ± 0.20a 0.005*
Alkalinity (ppm) 25.26 ± 1.59a 24.93 ± 1.35b 25.12 ± 1.44ab 0.073*
Ammonia (ppm) 1.56 ± 0.54a 1.55 ± 0.51a 1.56 ± 0.53a 0.691
Hardness (ppm) 80.25 ± 11.26a 78.56 ± 11.23b 80.02 ± 11.25a 0.001*

Means in rows having same letters were not significantly different (P>0.05)
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STUDENTS' KNOWLEDGE AND PERCEPTION OF Penaeus monodon AS 
INVASIVE SPECIES IN NIGERIA

Sylvanus.nwafili@uniport.edu.ng

A total of 73 students participated in the survey. About 34.25% of the participants were males while 
65.75% were females. The age bracket of the students fell within the traditional university age in 
Nigeria with 94.52% in the range of 18-30 years. Majority of the students (82.19%) were enrolled in 
the 5-year B. Fisheries Programme while 15.07% and 2.74% were enrolled into B.Sc Zoology and HND 

Nwafili Sylvanus A. and  N. Zabbey 

Department of Fisheries, University of Port Harcourt, P.M.B. 5323 Choba, Rivers State, Nigeria

INTRODUCTION
Invasive aquatic species (IAS) are ranked top as one of the global threats to aquatic biodiversity, second 
to habitat loss and degradation (Simberloff et al., 2013; Hogue and Breon, 2022). IAS are species that 
are introduced outside their natural distribution range, with extensive dispersal capabilities and 
causing harm to biodiversity, ecosystems and economies. The speed at which invasive species are 
reaching new habitats and crossing biogeographic barriers is facilitated by aquaculture, hitchhiking and 
ballast water discharge.
Penaeus monodon (Asian tiger prawn) is distributed naturally in the Indo-Pacific but was first reported 
in Nigeria in early 1990s. It's occurrence outside the natural distribution range, including the Nigerian 
coastal region, is a major concern. Public knowledge, perception and attitudes towards IAS are key to 
tackling invasions. This study assesses the knowledge and perception of undergraduate Fisheries 
students regarding P. monodon as an invasive species in Nigeria. Undergraduate fisheries students are 
important stakeholders who will play future roles in managing aquatic invasive species, leveraging their 
education and future industry positions. 

MATERIALS AND METHODS
The Fisheries Society of Nigeria (FISON) trains fisheries professionals, with students from various 
institutions registered as members. A survey of some students' members of FISON was conducted to 
assess their knowledge of P. monodon in Nigeria. Semi-structured questionnaire and picture of the 
Asian tiger prawn was used to gather information on species identification, knowledge of IAS, 
perceptions, and potential environmental threats. Data were analysed using EXCEL and PAST 4.1 
statistical software. Results were presented using frequency and descriptive statistics.

RESULTS AND DISCUSSION

ABSTRACT
This study assessed the awareness of Fisheries Society of Nigeria 
student members regarding biological invasions and their knowledge 
of Penaeus monodon as an invasive species in Nigerian coastal waters. 
A survey of 73 students showed that 54.79% could not identify P. 
monodon as invasive, though 62% viewed it positively due to its 
economic value. The study showed that students were partially 
informed about the environmental threat posed by the species, 
emphasizing the need to integrate invasive species education into 
Fisheries curricula. 

Keywords:
Biodiversity, 
Penaeus monodon,
hitchhiking, ballast 
water discharge
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programmes, respectively.
Knowledge and identification: Of the total participants, 69.86% could rightly identify the coloured 
photograph of the species as Asian tiger prawn while 23.29% were not sure. Others simply called it 
“shrimp”. Also, majority of students (54.79%) could not identify the species as non-native to the 
Nigerian coastal environment, while 5.48% of the students were not sure whether the species is non-
native or native (Fig. 1). The students' ability to identify the species was high, indicating improved 
knowledge of systematic biology of shrimps among the students.
There was spread of opinion with respect to mechanism of introduction of the species, showing a 
significant gap in knowledge about the introduction pathway of Penaeus monodon with 38.36% of the 
students admitting they do not know how the species arrived the coastal waters of Nigeria. However, 
20.54% attributed its presence to natural colonization, and 16.44% pointed to shipping and trade. 
Furthermore, 12.33% each believed it was introduced accidentally or deliberately, indicating 
uncertainty about human intervention. The diversity of views expressed by the students imply a 
general lack of clarity and understanding among students about the mechanisms through which 
invasive species are introduced. This scenario underscores the need for more education on pathways of 
biological invasions. Cordeiro de Melo et al. (2021) made similar observation in Brazil.
More than one-half of the students (55%) had previous knowledge of invasive species (Fig. 2) while 
about 41% never had. The study further revealed a wide range of knowledge levels about the invasive 
species among participants, with only 4.1% having extensive knowledge and 41.1% having no 
knowledge at all (Fig. 3). A significant portion, 26%, had some knowledge, while 20.5% had little, and 
8.2% had much. This shows a general lack of deep understanding amongst most students.
Students' perception of P. monodon: Majority of the students perceive P. monodon as good (Fig. 4), may 
be due to its rising economic value. This is concordant with the earlier perception of the species as 
“God-sent” (Zabbey et al., 2010). Only 14% of the students view the species as bad in the environment 
and 9% were neutral in their view. This suggests a need for greater awareness of the ecological risks 
associated with invasive species. Zabbey et al., (2010) also noted that the economic benefits of P. 
monodon appear to be receiving more attention than environmental concerns.

Fig. 1. Students' identification of Penaeus monodon as non-native species
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Management of invasive species: The preventive and management strategies in the perception of 
students are shown in Fig. 6. This suggests integrated management strategies for addressing the 
invasive species (Hameed et al., 2024), reflecting a balanced approach that combines proactive 
measures, regulation, and education to prevent and manage the species' impact effectively

On the threat posed by Penaeus monodon in Nigeria's coastal waters, students perception were 
primarily ecological, with concerns focused on loss of biodiversity (35.62%) and possible extinction or 
decline of native shrimp resources (35.62%). However, while 20.55% of the students observed that 
disease transmission was a concern, economic loss — including the disruption of livelihoods was not 
mentioned as a significant threat (Fig. 5). This implies that students may not fully understand the 
socio-economic dimensions of the invasion, despite its potential to disrupt local fisheries and related 
industries. 
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Fig.2 Students prior knowledge of P. monodon as Invasive Alien Species in Nigeria.

Fig. 3 Students' extent of knowledge of P. monodon as Invasive Alien Species in Nigeria
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Perception of potential benefits of P. monodon

Fig 4. Students' perception of the benefits from P. monodon

Fig. 5. Potential effects of Penaeus monodon in Nigeria's coastal waters

Fig. 6. Options for prevention of spread and management of Penaeus monodon
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The study revealed that the fisheries students had disproportionate knowledge of invasive species. The 
majority of students were not able to identify the species as invasive. Furthermore, they did not 
demonstrate adequate understanding and awareness of the introduction pathways and socio-economic 
dimensions of P. monodon invasion of Nigeria's coastal waters. Therefore, further education is 
necessary to shape attitudes towards IAS and biodiversity conservation. Notably, invasive species are 
absent from the curricula of fisheries, highlighting a gap in IAS education. Well-designed educational 
programs based on existing perceptions can raise awareness and mitigate the spread of invasive species.
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Abnormal behavioural effects such as abnormal locomotive activities, 
gasping, hyperactivity, skin wrinking in some cases, decline in reflex 
and skin discoloration were all noticed in the treated samples but 
more pronounced and early detected in the ethanol extracts, 
Hematological assay showed changes in the packed cell volume 
(PCV), red blood cell count (RBC), haemoglobin concentration 
(Hb), mean corpuscular volume (MCV), and mean corpuscular 
haemoglobin (MCH) as they were significantly increased in 
comparison to the control but there was also no significant difference 
in the WBC concentration across the treatments and between the 
extraction media used. The outcome suggests that Papaya leaf 
contained substances capable of inducing haematological alteration 
due to its anti  anemic properties but not directly cause damage to the 
fish since the white blood cell did not increase to a significant point.. 
The research therefore confirm the nontoxic effect in Carica papaya 
leaf (pawpaw leaf) from both extraction methods

Papaya leaf was extracted from air dried leaves of Carica papaya 
(Pawpaw plant) using water and ethanol and 500 Clarias gariepinus 
juveniles of average weight 10.12 ± 1.5g were used for a range finding 
test and acute toxicity was carried out using three doses each of 
aqueous and ethanol (0.5, 1.0, 1.5mg/l), while the negative (0mg/l) 
and positive (4mg/l of Cyclophosphamide) serves as controls. 
Behavioural and haematological parameters alterations were 
recorded. 

ABSTRACT 
Medicinal plants always play vital role in human healthy living. 
Carica papaya (pawpaw) is one of such plant with a high traditional 
and modern medicinal values. However there is a dearth of 
information on the piscicidal potentials of the extracts of this plant. 
This study examines the comparative toxicity of ethanol and aqueous 
extracts of different concentrations of Carica papaya on behavioural 
and heamatological parameter of exposed fish (Clarias gariepinus). 

Keywords:
Papaya leaf, bioassay,
acute toxicity,
heamatological parameters
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The experiment was carried out at the Fisheries Technology Department Museum, of Federal College 
of Freshwater Fisheries technology, New Bussa, Niger State and the fish were purchased from a 
reputable farm in New Bussa.

Acute Toxicity Test and Water Quality Parameters Assessment

Fish abundance and diversity in water bodies are vulnerable to environmental impacts caused by man, 
worthy of note are; introduction of exotic species, industrial waste, oil spills, pesticides, herbicides, 
toxin from piscicidal plants and other agents that directly affect the ecology and the survival of the 
inhabitant fish species. Piscicidal plants have been widely used by traditional fishermen all over the 
world as a means of catching fish. Some of these plants are non-selective in destruction, thereby 
interfering with ecological balance of the immediate environment. Piscicidals are phytochemical 
substances that are poisonous to fish the plants contain different active ingredients such as alkaloid, 
micotine, tannins, saponins, piparine, resin, amide, ricin, glycoside, carbazole, curcin, coumanin, 
parkine, resoranol and cardol (Fafioye et al., 2009.) Test like standardized acute and chronic toxicity 
tests lasting 96 hours (4 days or more) are conducted to measure the effect on survival, organs and 
physical look of the fish measured at each concentration, along with a control test. (EPA 2001) 
(OECD, 1992). This work therefore seek to check the comparative effect of ethanol and water 
extracts of pawpaw leaf on the behavior of fish and also study if the different concentration from the 
two extracting medium has effect on the fish heamatological parameters.

Source of Pawpaw leaf and extracts preparations

MATERIALS AND METHODS

Five hundred (500) healthy catfish of C. gariepinus Juveniles (10.12 ± 1.5g) were acclimated for 7 
days, in plastic bowls. Twenty (20) juvenile each were distributed randomly among dose/exposure 
duration groups. Twenty-four (24) 30 liters rectangle white plastic tanks were used for the bioassay of 
various concentrations of the toxicant. A completely randomized design (CRD) was used. Each of the 
samples (aqueous and ethanol extracts) were in triplicate ant they were introduced to the fish.

INTRODUCTION

Experimental Site and Experimental Fish

The fresh leaves where collected from the college environment and identified in the Horticulture unit 
of the department of Agricultural technology in the Federal college of Freshwater Fisheries 
Technology, New Bussa. It was air dried, the dried leaves was crushed in to fine particles and stored in 
air tight container. The crushed leaf was weighed in grams and then water and ethanol were added to 
the dried leaves weighed in a container at 1g dried leave to 3 ml of water and ethanol. The samples were 
allowed to last in the solution for 24hrs and then decanted  and filtered first through muslin cloth and 
then Whatman No.1 filter paper. The solutions were allowed to air-dry and the extracts was kept in 
sterile, clean bottles before used.
Experimental Design

Acute toxicity test was used to determine the short-term toxicity (4 days) of the active ingredient on 
the fish species, measuring lethality. A definitive test in a static system was carried out in a laboratory 
according to (standard methods of OECD guideline No 203 (OECD, 2019) probit test was conducted 
to determine the LC50 . Toxicity experiment was performed by the method of Singh and Agarwal, 
(1988). A set of 20 sample each were randomly exposed to each of the six concentrations of the 
toxicant (three concentrations each of aqueous and ethanol extracts) and at concentrations, 0.5, 1.0 
and 1.5g/l  named PEEI, PEEII and  PEEIII, respectively for  ethanol extract and PWEI, PWE II, and 
PWE III, respectively for aqueous extracts. The ranges were obtained after the range finding test for 
both extraction methods and 0mg/l as negative control and Cyclophosphamide (4.00g/l) as positive 
control of the bioassay. Physico-chemical parameters of water were taken after the introduction of the 
toxicant. 
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Haematological Examination of Fish
Haematology samples were taken on the 4th day of the acute test. Three samples each from each of the 
treatments were taken and blood samples collected  in a sample bottles were taken to the laboratory in 
the General hospital in New Bussa for analysis. The aliquot of the blood in EDTA bottle was analysed to 
determine the concentration of the fish haemogram. 

RESULTS AND DISCUSSION

Table 1 shows the behavioural responses of juveniles of Clarias gariepinus exposed to various 
concentration of Carica papaya leaf ethanol extract for 96 hrs.

 Statistical Analysis
Data were analysed using descriptive statistics. One way analysis of variance (ANOVA) was used to determine 
variance and Duncan multiple range test (DMRT), was used to separate means that are significant different 
among heamatological parameters of the various treatments at � < 0.05 using IBM SPSS statistics 20

Hours 24 48 72 96

Behavior/

conc.

Con. PEE

I

PEE

II

PEE

III

Con. PEE

1

PEE  

II

PEE 

III

Co
n.

PEE

I

PEE

II

PEE

III

Con. PEE

I

PEE

II

PEE

III

Gasping - - - + - + + + - + + + - + + +

Unstable 
swimming

- + + - + + + - + + + - + + +

Hyperacti
vity

- + + + - + + + - + + + - + + +

Skin 
wrinkling

- - - - - - - - - + + + - + + +

Declining 
in reflex

- - - - - - - + - + + + - + + +

Haemorrh
age

- - - - - - - - - - - - - - - -

Discolorat
ion

- - - - - + + + - - + + - + + +

+ = Observed. - = Not notice, PEEI (0.5g/l), PEE II (1.0g/l), PEEIII (1.5g/l,) ethanol extract PWE I 
(0.5g/l),  PWE II (1.0g/l), PWE III (1.5g/l) aqueous extract.

Table 2 shows the behavioural responses of juveniles of Clarias gariepinus exposed to various 
concentration of Carica papaya leaf aqueous extract for 96 hrs. 

Hours 24 48 72 96

Behavior/

conc.

Con. PW

EI

PW

E
II

PW

E
III

Con. PW

E
1
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E  II

PW

E III

Con. PW

E
I

PW

E
II

PW

E
III

Con. PW

E
I

PW

E
II

PWE

III

Gasping - - - + - + + + - + + + - + + +

Unstable 
swimming

- - - - - + + + - + + + - + + +

Hyperacti
vity

- - - + - + + + - + + + - + + +

Skin 
wrinkling

- - - - - - - - - + + + - + + +

Declining 
in reflex

- - - - - - - - + + + - + + +

Haemorrh
age

- - - - - - - - - - - - - - - -

Discolorat
ion

- - - - - - + + - + + + - + + +

+ = Observed. - = Not notice, PEEI (0.5g/l), PEE II (1.0g/l), PEEIII (1.5g/l,) ethanol extract
PWE I (0.5g/l),  PWE II (1.0g/l), PWE III (1.5g/l) aqueous extract.
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Table 3: Mean physico-chemical parameters of water during the 4 days exposure of African Cat fish 
Clarias gariepinus juveniles to various concentrations of Papaya leaf
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Treatments
(mg/l) 

Ph Temperature
(0C)

Dissolved 
Oxygen (mg/l)

Nitrite (mg/l) Ammonia 
(mg/l)

Negative control 7.10 ± 0.20c 27.99 ± 0.00 cd 8.09 ± 0.00 h 0.14 ± 0.00 a 0.05 ± 0.01 a

PEE I 7.00± 0.00 bc 27.45 ± 0.05 bc 6.80 ± 0.10 f 0.17 ± 0.00 b 0.47 ± 0.02 a

PEE II 6.71± 0.01 a 26.30 ± 0.10 a 6.34 ± 0.04 c 0.30 ± 0.00 d 0.51 ± 0.01 a

PEE III 6.69 ± 0.01 a 26.22 ± 0.02 a 5.86 ± 0.01 a 0.33 ± 0.03e 0.68 ± 0.01 a

PWE I 6.68± 0.00 a 27.01± 0.01 ab 6.70± 0.05 e 0.20 ± 0.01 c 0.46 ± 0.01 a

PWE II 6.71± 0.01 a 26.56± 0.00 ab 6.58± 0.04 d 0.31 ± 0.01 de 0.55± 0.05 a

PWE III 6.89± 0.01 b 26.71± 1.00 ab 6.10± 0.10 b 0.19± 0.00 bc 0.60± 0.00 a

Positive control 
(CYP- 4.00)

7.00 ± 0.00 bc 28.54 ± 1.00 cd 7.22 ± 0.02 g 0.18 ± 0.02 bc 0.06 ± 4.01 a

Value with different superscript from negative control are significantly different (p<0.05)
along the columns CYP =      Cyclophosphamide; PEEI (0.5g/l), PEE II (1.0g/l), PEEIII (1.5g/l,)
ethanol extract PWE I (0.5g/l),  PWE II (1.0g/l), PWE III (1.5g/l) aqueous extract.

Table 4: Heamatological parameters of African Cat fish Clarias gariepinus juvenile exposed to acute 
toxicity test of Papaya leaf at acute toxicity bioassay

 

Parameters

Negative 
Control 
(0.00g/l)

Positive 
Control
CYP 
(4.00g/l)

PEE I

0.50g/l

PEE II

1g/l

PEE III

1.5g/l

PWE I

0.50g/l

PWE II

1g/l

PWE III

1.5g/l

PVC (%) 16.41±0.01c 20.00±2.00d 12.11±1.00a 12.80±0.20a 14.80±0.00b 12.20±0.10a 12.80±1.00a 14.90±0 .20bc

Hb (g/dl) 5.30±0.30 c 6.80 ±1.00 d 4.40± 0.00 b 4.00±0.10 ab 3.20±0.30 a 4.40±0.40 b 3.20± 5.00 a 3.20 ±0.20a

RBC (106/µl) 7.10±0.10 e 1.83±0.03 d 1.14±0.04 a 1.20±0.02 b 1.24±0.00 c 1.20±0.04 b 1.14±0.04 a 1.24±0.04c

WBC (103/mm3) 13.57±.10 a 13.30±0.70 a 13.13±0.03 a 14.60±0.10 a 13.79±1.10a 13.89±0.00a 12.87±0.00 a 13.12±1.00a

Platelet(103/mm3) 263.00±3.00 a 12000.00± 
0.00 g

490.00± 
10.00 f

303.00± 
3.00 b

468.00± 
1.00 e

365.00± 
1.00 d

363.00± 
3.00 d

313.00±  3.00
c

Lym (103/mm3) 20.00±0.00 b 54.00± 4.00 f 15.00±0.00 a 32.44±2.00 d 20.32±0.02 b 24.54±0.04bc 25.54±1.00cd 43.12±10.00e

Mon (103/mm3 ) 1.90±0.10b 4.00±1.00e 0.00±0.00a 3.68±0.08de 2.64±1.00bc 3.06±0.06cd 3.06±0.06cd 4.17±0.03e

Eo (103/mm3) 1.80±0.10b 3.00±0.50bc 0.00±0.00a 8.00±2.00d 1.86±0.03b 2.29±0.01b 4.26±0.00c 3.82±0.02c

MCH 1.80±0.00a 42.33± 
17.21ab

53.47±.06abc 100.11± 
0.93c

28.40±0.00ab 38.30±0.07ab 47.80±0.00ab

c
93.53± 
118.36103 bc

MCV 23.21±0.00b 70.00±2.00d 60.03±2.00c 111.10±0.00
f

111.03±.06 f 106.30 ± 
1.00e

122.30 ± 
0.00g

18.00±2.00 a

MCHC 32.16±2.00b 80.00±4.00e 88.90±0.20f 112.70± 
0.10g

125.50±1.50
b

36.60M±0.0
0c

39.33±0.58d 21.90±1.00a

The water quality parameters taken were within tolerable levels and since the water quality variables 
were within acceptable ranges for toxicity test (APHA, 1985) they may not have acted synergistically 
with the toxicant to affect the fish species, this is in accordance with Ajayi (2021) who observed similar 
water quality parameters in fish exposed to ricin extract. Behavioral response (table 1&2) fish were 
normal in control group however behavioral anomaly like gasping, unstable swimming, Hyperactivity, 
skin wrinkling declining in reflex and discoloration were all observed in the treatments but was 
detected earlier in the ethanol extracts, behaviour alterations were noted to be time, concentration and 
extraction method dependent this may be attributed to the effect of the solvent of extractions., this 
observed behaviors may be an attempts by the stressed fish to get away from, adapt and/or to get use to 
the stress condition. Similar to  these observations were reported by Aguigwo (2002); Omoniyi et al., 

Value with different superscript from negative control are significantly different (p<0.05) along the 
row. PCV = Packed Cell Volume, Hb = Haemoglobin, RBC = Red blood cell count, WBC = White 
blood cell count, LYM = Lymphocyte, Mon = monophils, EO = Eosinophils, MCH = Mean cell 
haemoglobin, MCV = Mean cell volume MCHC = Mean cell haemoglobin concentration CYP = 
Cyclophosphamide PWE (Pawpaw leave ethanol extracts) PEE ( Pawpaw leave aqueous extracts
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(2002) Ayoola and Ajani, (2008) and Ikele, et al., (2011) in the fishes exposed to different stress 
conditions. These progressive stress responses with progressive increase in toxicant concentration over 
time are comparable to the observations made by Omoniyi et al., (2002); Suleiman et al., (2019) and 
Ajayi, (2021). 

Aguigwo, J.N., (2002). The Toxic Effect of Cymbush Pesticide on growth and survival of African 

Ajayi C.T., (2021) Genotoxicity, Hematological, Histopathological And Oxidative Stress Responses Of 

Heamatological parameters of fish are considered a suitable tool for evaluating the effects of pollutants 
(Roche and Boge, 1996). Cyriac et al., (1989); Gbem et al., (2004) and Ajayi (2021) also reported the 
several changes in haematological parameters as indicators of stressor exposure. The present results 
indicate that the acute exposure of Clarias gariepinus to Carica papaya leaf extracts has altered some 
of the blood parameters. Data presented in table 4, indicated an increase all the  blood parameters of 
exposed fish compared to the fish in the control treatments. A hypoxic condition in fish is expected to 
occur due to the cloudy nature of the water of the bioassay which is further expected to reduced supply 
and increase the demand for oxygen. This is in agreement with the work of Panday et al., (1979). The 
PCV, RBC and Hb values were found to be significantly increased when compared among the 
treatments but lower to the control this may show that the extracts introduced is anti anemic to the 
fish this is in agreement with the works of Oparaku et al., (2024) and Estella et al., (2020), that the 
exposure did not alter the proper functioning of the red blood cells rather it increased it. Other authors 
have also reported similar effects on RBC and Hb in fish (Li et al., 2011; Ogueji et al., 2019).  
Significant increases were also observed in mean corpuscular haemoglobin (MCH) and mean 
corpuscular haemoglobin concentration (MCHC). This is contrary to the observations of Timothy et 
al. (2022) who reported no significant changes (p > 0.05) in the blood.  The increase observed can 
boost the immune system of the fish. Lymphocyte (LYM) volumes showed a steady increase as the 
concentration compare to the negative control, this disagree with the findings of Alkahem et al., 
(1998), who confirm that there was a decline in the count of lymphocytes in pesticide treated O. 
Niloticus which they ascribing it to fall in the delivery of these cells to the circulation due to the low 
production or alternatively an increased rate of elimination from the blood and subsequent rapid 
devastation of cells. The study showed no significant increase or reduction in the white blood cells 
(WBC) of the six samples, this is in contrast with the work of Akinrotimi et al., (2011), Gabriel et al., 
(2010) who reported an increase in the white blood cell as the quantity of toxicant is increased. This 
may be due to release of WBC from the spleen to the blood stream to combat the stress or perceived 
enemy. These suggest that comparing both extracts they are not in any way harmful to the exposed fish 
and did not affect the fish adversely.

CONCLUSION
From the result we can conclusively say that increases observed in the red blood cell parameters may be 
an indication of the  ethanol and aqueous leaf extract of papaya leaves having anti anemic properties, 
the slight duration effect observed also show the effect of the solvent used. The WBC insignificance in 
the result, means that the fish was not reacting to any changes that can cause harm to it., which is an 
indication of nontoxic effect of the extracts used. Also the two solvent of extractions where not in 
anyway of effect to the fish.
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INTRODUCTION
The farming of aquatic life, including fish, molluscs, crustaceans, and aquatic plants, is known as 
aquaculture. Farming involves some form of rearing process intervention to increase yield, such as 
consistent feeding, stocking, predator protection, and general management. According to Nash (2011) 
this agricultural method has reportedly been used in China dating back to 4,000 years with the 
husbandry of common carp. At the household and national levels, the aquaculture sector is crucial to 
food security (Fisher et al, 2017). Production from aquaculture is now crucial to livelihoods, food 
security, and economic growth in many nations (Sangam, 2020). Production and earnings are already 
greatly impacted by the climate and extreme occurrences, such as high floods and seasonal 
droughts..Extreme floods caused by climate change are having an increasingly negative impact on 
agriculture in several regions of the world ( Muller et al,  2023). Felix et al, (2010) cite a range of 
human activities that contribute to flooding, including increased urbanisation, deforestation to create 
residential communities, inadequate drainage systems, and a restricted quantity of dams and 
embankments.Sea levels increase as a result of global climate change related to land-ice melting and 
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Flooding is a peculiar meteorological occurrence associated with 
climate change. Global temperature rise is linked to this disastrous 
weather event, which results in severe downpours, an increase in sea 
level, and glacier melt. These occurrences cause coastal regions to be 
covered in ocean water. Floods have both positive and negative 
effects on the natural environment as a whole. Flooding not only 
destroys farms and houses, destroys people and towns, but also 
claims the lives of animals. Flood calamity has resulted in the sale of 
foodstuffs, including rice and other staple foods, at exorbitant prices, 
causing further suffering.Throughout the past three to four months, 
reports of these have come from both the southern and northern 
regions of Nigeria.The flood-affected areas also have a lot of long-
term challenges. Flooding has a devastating effect that goes beyond 
property damage and casualties. A large number of people, especially 
those who reside in rural areas, rely on agriculture as their primary 
source of income. Their cattle, crops, and infrastructure—such as 
marketplaces—are all destroyed by floods. Two advantages of floods 
are the replenishment of groundwater and wetlands. Aquaculture 
increases the productivity of fisheries overall, which is extremely 
beneficial to humanity. This article addresses some of the significant 
concerns regarding potential damages and financial losses to persons 
and aquaculture operators, as well as preventive measures to lessen 
the effects of  catastrophic floods on aquaculture.

ABSTRACT 

KEYWORDS:
Aquaculture, Flood,
Fisheries, Devastation,
Foodstuff, Fish mortality
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Agriculture is a major source of income for many individuals, particularly those who live in rural areas. 
Floods brought about by river erosion, sedimentation, and inundation have washed away a large portion 
of arable land, leaving infertile areas and a decline in agricultural production. An excellent substitute 
for land-based agriculture is aquaculture, which is the process of harvesting food from aquatic habitats. 
Generally, aquaculture entails keeping a species (Table 1) enclosed in a safe environment where it can 
flourish. Production expansion also entails a rise in the population per unit area, which reduces the 
need for land and ocean space locally but increases the need for technology and fossil fuels, as well as 
for the usage and management of inputs and waste products. Troell et al., (2013) define aquaculture as 
an industry that uses naturally available aquatic resources and transforms them into items that are 
desired by the general public. According to Chan et al. (2021), aquaculture provides people with 
significant employment opportunities as well as other sustainable, social, and economic benefits.

ocean waters expanding thermally (Cazenave and Llovel, 2010). Nonetheless, because they produce 
nutrient deposition and a suitable habitat for the majority of species, floods have some beneficial 
effects on aquatic life. Additionally, macro invertebrates—small insects which play a major part in the 
food chain of the ecosystem are affected by floods (Chanut, et al, 2019). Recharging wetlands, 
replenishing groundwater, and restoring soil fertility are some other benefits of floods (Toilbot, 2018).

A Substitute for Land-Based Agriculture: Aqaculture

The Nutritional and Health Benefits Deravable from Aquaculture
Both the ecological and human health are improved by aquaculture. Farmers receive financial reward 
from it, while consumers benefit from nutrition. Protein is necessary for the body's growth and 
development, for maintaining and replacing damaged tissues, and for production. For around 950 
million people globally, fish serves as their main protein source and is a significant component of the 
diets of many more. Additionally, fish is a good source of minerals and vital fatty acids and contributes 
approximately 16% of the animal protein consumed by humans worldwide. The main food source of 
omega-3 fatty acids for humans is fish. A fish-based diet is essential for reducing malnutrition, 
particularly in young infants (Conway, 2023). Fish is not just a source of protein; it also has other 
benefits for diets. Fish and other sea foods are good sources of minerals such iron, calcium, zinc, iodine, 
phosphorus, selenium, and fluorine. The term "highly bioavailable" refers to the ease with which the 
body can absorb these elements.  Niacin (vitamins B1, B2, and B3), thiamin, riboflavin, and vitamins A 
and D are all abundant in fish. Bone growth and normal vision both depend on vitamin A. Because it is 
necessary for the absorption and metabolism of calcium, vitamin D, which is found in fish liver and oils, 
is important for the formation of bones. Thiamin, niacin, and riboflavin are necessary for energy 
metabolism. Red blood cell production of haemoglobin depends on iron. The movement of oxygen 
throughout the body depends on haemoglobin.
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Causes and Types of Flooding

Strong bone growth and mineralisation, as well as the proper operation of muscles and the neurological 
system, depend on calcium. It has a role in the process of blood coagulation as well. Its appropriate 
absorption is made easier by vitamin D. When smaller fish are consumed with their bones rather than 
having.In addition to being essential for good skin and immune system function, zinc is also crucial for 
growth and development. Seafood contains iodine, which is necessary for hormones that control 
metabolism. In youngsters, iodine is also necessary for growth and Strong bone growth and mineralisation, 
as well as the proper operation of muscles and the neurological system, depend on calcium. It has a role in 
the process of blood coagulation as well. Its appropriate absorption is made easier by vitamin D. For strong 
bones to develop and become mineralised, as well as for muscles and the nervous system to function 
normally, calcium is needed. It is also crucial for the process of blood coagulation. Proper absorption of it is 
aided by vitamin D. Eating smaller fish with their bones increases the intake of calcium, phosphorus, and 
fluorine compared to discarding the fish bones. Because zinc exists with proteins in vital enzymes needed 
for metabolism, it is necessary the fish bones thrown away, the intake of calcium, phosphorus, and fluorine 
is increased. The majority of bodily functions depend on zinc since it coexists with proteins in vital 
enzymes that are necessary for metabolism for the majority of bodily functions. In addition to its 
involvement in immune system function and good skin, zinc is essential for growth and development. 
Iodine, which can be found in seafood, is necessary for hormones that control metabolism. It is also 
necessary for children's growth and development (Conway et al., 2023).

Recurrent floods are a risk to life along the water-soil boundary, especially during periods of seasonal 
rain and thawing, summer inundations, or other extreme weather conditions (Mashi et al., 2018). 
Extreme floods are defined as situations in which the extremity and its anticipated consequence are 
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 Finfish

Grass carp (Ctenopharyngodon idellus) 

Atlantic salmon (Salmo salar) 

Striped catfish (Pangasianodon hypophthalmus) 

Roho labeo (Labeo rohita)

Milkfish (Chanos chanos) 

Torpedo-shaped catfishes (Clarias spp) 

Tilapia (Oreochromis spp).

Rainbow trout (Oncorhynchus mykiss) 

Wuchang bream (Megalobramaamblycephala).

Marine fishes (Osteichthyes )

Black carp (Mylopharyngodon piceus) 

Cyprinids (Cyprinidae) 

Yellow catfish ( Pelteobagrus fulvidraco) 

Silver carp (Hypophthalmichthys molitrix) 

tilapia (Oreochromis niloticus ) 

Common carp (Cyprinus carpio) 

Bighead carp (Hypophthalmichthys nobilis) 

Catla (Carassiusspp.)

Crustaceans

Whiteleg shrimp (Penaeus vannamei) 

Red swamp crawfish (Procambarus clarkia) 

Chinese mitten crab (Eriocheirsinensis) 

Giant tiger prawn (Penaeusmonodon) 

Oriental river prawn (Macrobrachium nipponense)

Giant river prawn (Macrobrachium rosenbergii ) 

Molluscs 

Cupped oysters (Crassostrea spp)

Japanese carpet shell (Ruditapesphilippinarum) 

Scallops (Pectinidae) 

Sea mussels (Mytilidae) 

Marine molluscs (Mollusca) 

Constricted tagelus (Sinonovacula constricta) 

Pacific cupped oyster (Crassostrea gigas)

Blood cockle (Anadara granosa ) 

Chilean mussel (Mytilus chilensis)

Table 1: Major  Aquaculture Species Produced in  the World

Source: FAO, 2020

214



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Numerous hydrological elements, including soil type, vegetation cover, human occupancy, slopes in the 
topography, and rainfall in the past, are relevant to the likelihood of a flash flood. In steep, rocky terrain 
or intensively urbanised areas, even a modest amount of rainfall might cause flash floods (Liudmila and 
Valinetin,2020). Because they happen so quickly, flash floods are extremely deadly and destructive 
because they can catch people unprepared. The majority of deaths are caused by drowning, while there 
may also be some traumatic injuries from being swept into standing objects by the debris-filled waters. 
Floods provide links between rivers and floodplains, bringing organic matter and nutrients to aquatic-
terrestrial transition zones that promote habitat variability and biological productivity. The 
environment is altered by floods. Comparing these modifications to steady flow regimes, fish 
productivity can be increased along with species richness, diversity, evenness, and abundance.

unclear (Tamblay, 2021). Flooding is caused by various factors such as growing urbanisation, 
inadequate maintenance of wastewater and water infrastructure, poor solid waste management, and 
climate change. Climate variability reduces the predictability of the weather, particularly in 
underdeveloped nations like Nigeria where resources for weather forecasting and management are 
insufficient. According to MacLeod et al., ( 2014) flooding is made worse by climate change indirectly 
by altering the pattern of flooding in the flood prone areas. According to Aldardasawi and Eren (2021) 
the following might be said about a flooding event: four types of flooding: coastal, urban, riverine, and 
areal. Areal flooding happens in these types of low-lying landscape settings. Floods in these low-profile 
places are mostly caused by heavy rainfall. In plain places like these, overly saturated soil will lose its 
ability to absorb water, resulting in flooding. Small rivers and streams can experience riverine flooding 
as a result of summertime glacier melting or severe monsoon rains. In reaction to periods of intense 
rainfall and other river releases, the river progressively rises destruction of metropolitan regions' 
livestock and infrastructure (Aldardasawi and Eren, 2021). Other types of flooding include dam spills, 
levee or dam breaches, and flash floods. Flash floods are defined as flood events in which the rise in 
water occurs during or shortly after the precipitation that causes the rise.

Floods, however, might not have an impact on the structural indicators of some fish groups. Floods are 
influenced by changes in water levels that occur in terms of amplitude, frequency, length, timing, and rate 
of change. The effects of flooding can also differ according on fish age, shape, physiology (such as 
swimming strength, turbidity tolerance), behaviour (such as mobility, habitat utilisation), and community 
composition (species abundance, variety, etc.) (Sabina, 2023).Additionally, the effects of floods on native 
and exotic fish may differ. Both native and introduced fish species may benefit from river floodplain 
connectivity and become more common after floods, even if native fishes may be better adapted to flow 
regimes in their native area (Rupgam, et al., 2023). Floods in some rivers favour introduced fish over native 
species in terms of recruitment, population growth, and reproduction. According to Bosso et al., (2023), 
flooding modifies the flow regimes in streams  and Tolbot, et al., (2021) has reported on the inflow of 
nutrients and alterations in nutrient cycles. Massive volumes of silt, debris, and dangerous contaminants 
are carried into water bodies by flood waters; sediment buildup from flood floods lowers water depths. 
Contaminated sediments and floating debris are carried by viruses, bacteria, and other diseases and toxins 
(Suhr et al., 2022). People who are directly exposed to these pathogens through swimming or eating 
seafood may experience symptoms of serious illness, including digestive irritation. Necrotising fasciitis 
and sepsis are two serious illnesses that can be brought on by other floodwater-borne organisms including 
Vibriovulnificus( Liang et al., 2018). Floods have the potential to mobilise and deposit toxic chemicals 
such as pesticides, pathogens, and other materials into rivers, ponds, streams, and groundwater, rendering 
these resources unsuitable for human use and consumption by marine life. Flooding impacts the quality of 
water as well as the state of fishes due to the numerous deposition(Bull, et al., 2023).Severe floods alter 
the rivers' geomorphology, which is totally dependent on the amount and quality of aquatic life. The 
aquatic system's geomorphology determines its nature, and any changes have an impact on the organisms 
that live there. They may be uprooted and lose their habitat as a result of the flood (Tolbot et al., 2018). 
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Fish assemblage disruption and population shifts in a variety of aquaculture species are brought on by 
flooding.  Flooding leads to alterations in the populations of different aquaculture species as well as fish 
ensemble disruption. Fish in particular might suffer negative effects from the components in the 
flooding water, some of which are hazardous. Fish are said to be highly disposed to hazardous effects of  
ammonia, even at low quantities (Achieng, et al., 2020).

Floods have a major negative influence on aquaculture and result in significant financial losses and harm to 
both individuals and aquaculture businesses. Following is a summary of some of the effects of flood 
disasters on aquaculture.
Fish assemblage disruption: 

Fish mortality: 

Strategies for Prevention of fish loss
One of the primary criteria of prevention of fish stock losses is to use the natural conditions  in places 
where fish are kept and to appropriately use the inundation. Each fish pond used for aquaculture needs 
to adhere to the safety and technical supervision principles as well as the technical requirements of 
water works.This lessens the chance of causing harm to waterworks and possible financial loss. The 
worst situations happen when floodwaters breach the pond dam, leaving the ponds totally fishless. 
Other management techniques include building embankments, early warning and emergency 
management systems, housing, and the retreat strategy. 

Fish migrations can occur in stream waters, lakes, reservoirs, and pond systems. Fish migrations are 
influenced by the specific species of fish involved, the time of year, the rate at which surface waters are 
replenished, and any adjustments made to the water level by human water management agencies. 
Different fish species react differently to flood circumstances depending on the species, age, and size 
of the fish. Most carp species have a very similar downstream migration pattern. On the other hand, 
hatchlings of peled (Coregonus peled), turbot, and catfish have a tendency to migrate whenever there 
is an opportunity, even in circumstances where there is little water flow. In these situations, the losses 
(downstream escapes) are typically close to 100% ( Banet et al., 2022).

Floods are typically seen as a serious natural danger that can lead to illness, destruction of property, 
infrastructure, and loss of life, as well as interruption of public services. Flooding, for instance, can 
result in hazardous landslides, the loss of crops and cattle, the disturbance of regular drainage systems, 
the leakage of raw sewage and animal waste, and the rapid release of toxic materials and nutrients into 

Conclusion

Fish migration:  

Direct or indirect deaths from flooding are likely to happen. Both adult fish and baby fish die directly as 
a result of floods. Direct reasons could include pond dam failure, flood waves overflowing a dam, 
nearby areas being inundated with water, or abrupt environmental changes brought on by debris flow 
or poor water quality. The introduction of unwanted, invasive species, fish parasites into fish ponds for 
aquaculture, and an excessive amount of organic waste decomposition by natural processes are 
examples of indirect causes of fish mortality ( Björnsson, et al., 2022).A major cause for concern was 
the damage caused to aquaculture infrastructure after severe flooding and floods, which cost farmers  
an extimated billions of naira (Olutimise, 2023; Oyediran, et al., 2020). 
Reduction in dissolved oxygen (DO) level: 
The presence of dissolved oxygen is crucial for aquatic systems. The global nitrogen and carbon cycles 
are significantly impacted by changes in their concentrations (Gu et al, 2023). When waste, 
particularly biological debris, is introduced into an aquaculture farm, the oxygen content of the fish 
pond is impacted. The dissolved oxygen is consumed by microbes during the degradation of the 
materials deposited, leaving little or no oxygen left for the aquaculture species. Because of the anoxic 
water, fish die (mortality) or go extinct as a result of oxygen deprivation.
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streams from urban and industrial areas. The impacts of floods on aquatic ecosystems are frequently 
perceived as detrimental due to their significant repercussions on people and infrastructure, although 
this is not always the case. Flooding can also have a lot of positive effects, such as replenishing wetlands, 
building floodplains, raising fish yields, enhancing wildlife habitat, and restoring soil fertility. Because 
flooding can have beneficial as well as detrimental impacts on aquatic environments, ecosystem 
benefits should likewise show a range of flood-related negative and positive consequences. Beyond 
merely flood intensity, a number of criteria can be used to forecast the effects of flooding on aquatic 
ecosystems and the services they provide.
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PREVALENCE OF TRYPANOSOMES IN THE BLOOD OF THE AFRICAN 
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INTRODUCTION

Trypanosoma disease amongst wild fish species in Africa was spread from North to Southern sections, 
remarkably in Sudan (Samia et al., 2011).  However, there is paucity of information on the prevalence 
of trypanosomes species of the African catfish (Clarias gariepinus) in Zobe reservoir. Consequently, 
the main aim of this research is to determine the occurrence of Trypanosomes in the blood of Clarias 
gariepinus in Zobe reservoir.

MATERIALS AND METHODS
The study was conducted in Zobe (Figure 1) with coordinates 12°23 '18” N (latitude) and 7°28'29” E 
(longitude) in Dutsin-Ma LGA of Katsina State. al., 2022).  

Trypanosome hemoparasites of fish are flagellated parasitic protozoans that prey particularly on wild 
fish, and have recently been identified in farmed fish. Species of this genus are everywhere in both salt 
and freshwater fish species ((Fink et al., 2015). Although most of the fish infected by Trypanosome spp 
are asymptomatic, the high number of parasites in the bloodstream can severely affect the health of the 
host, causing anemia, leukocytosis, hypoglycemia, splenomegaly, and a massive reduction of 
thrombocytes (Fink et al., 2015).  

ABSTRACT
A four (4) months study was conducted to assess the prevalence of 
Trypanosomes in the blood of Clarias gariepinus from Zobe 
reservoir, Katsina State, Nigeria. A total of 80 fish samples 
comprising males and females, from four major landing sites of the 
reservoir were randomly purchased June- September; 2022. The fish 
were transported alive to the fish biology laboratory, Federal 
University Dutsin -Ma, for the blood parasites determination. Fish 
were identified at each of the four landing sites of the reservoir. 
Sampled fish were measured for length and weighed. Prevalence and 
intensity of infection of the parasites were determined using standard 
procedure. Male fish had the high percentage of infestation (20.00%) 
than that of female fish (16.66%). The highest prevalence (25.00%) 
was recorded in fish samples from sample point A, while the lowest 
(15.00%) was recorded in sample points B and C. The results shows 
that Clarias gariepinus species from Zobe reservoir are moderately 
infected with Trypanosomes parasites.

Keywords:
Clarias gariepinus,
Prevalence, 
Trypanosomes, Reservoir
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A total of eighty (80) life experimental fish samples of African catfish were bought from artisanal 
fishermen from four major landing sites of the Zobe reservoir for the period of four months (June-
September, 2022). The fish samples were identified according to Olasebikan and Raji (2013) and 
transported Live samples to Biology Laboratory, Federal University Dutsin-Ma in a plastic basin.

The urogenital papillae of fish samples were scrutinized by physical observation to confirm according 
to Sadauki et al., 2023. Body weight were recorded with a top loading sensitive weighing balance 
(GT4100 model) and the total and  standard  lengths  of  sampled  fish were measured using meter 
rule (Sadauki et al,. 2023).

EXAMINATION OF BLOOD PARASITES

COLLECTION AND IDENTIFICATION OF EXPERIMENTAL FISH SAMPLES

SEXING AND MEASUREMENT OF EXPERIMENTAL FISH SAMPLES

IDENTIFICATION OF BLOOD PARASITES
The parasites were identified based on their morphology (Smit et al., 2000). The Trypanosome were 
characterized by tapering anterior and posterior ends and faintly stained flagella.

PARASITE PREVALENCE AND INTENSITY ESTIMATION
The prevalence of parasitic infestation was calculated for sex, location, length and weight using the 
model described by Sadauki et al. (2023):

Data analysis

In the laboratory, the fish were immobilized in a wet fabric for blood sample collection. Blood samples 
were collected from the caudal vein behind the anal fins with a 21G hypodermic needle and plastic 
syringe. Thin blood smears were made from the blood samples collected.  The blood smears were 
allowed to air dry and fixed in absolute methanol for five minutes. Slides were stained with phosphate 
buffered Geimsa and examined under100x objective oil immersion microscope. Images were 
captured by digital camera, in accordance with OIE (2013). 

Occurrence and intensity of infestation was expressed in percentage (%). Data were presented using 
descriptive statistics; a simple percentage was used to present the prevalence and distributions of 
parasites. Chi-square was used to examine  the  association between  infection  and  the  risk  
parameters  for  the prevalence.
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TABLE 1: Prevalence of Trypanosome species of Clarias gariepinus in relation to sex in Zobe reservoir.

Out of 80 samples of Clarias gariepinus, collected from the reservoir, 50 were males and 30 were 
females. The result showed that male fish have a higher prevalence of trypanosome infection (20.00%) 
compared to the female fish with lower prevalence (16.66%) as shown in Table 1. Prevalence of 
trypanosomes among fish from the different sampling station showed that station A had the highest 
percentage of infestation (25.00%), while station B and D had the lowest percentage infestation of 
(15.00%) as presented in Table 2.  Furthermore, African catfish samples with lengths range 20.1 to 
25.0cm harboured more parasitic worms 5 (33.33%), while the lowest infection (20.00%) was 
recorded in samples with lengths ranging from 25.1 to 30.0cm as shown in table 3.

RESULTS

SEX No of examined No of infected % of infection
Male 50 10 20.00%

Female 30 5 16.66%

Total 80 15 18.75%

TABLE 2:  Prevalence of Trypanosome sp of Clarias sp in relation to samples station.

Location No of fish examined No of fish Infected % of Infection

Sample A

Sample B

Sample C

Sample D

20

20

20

20

5

3

4

3

25.00%

15.00%

20.00%

15.00%

TOTAL 80 15 18.75%

TABLE 3: Prevalence of Trypanosome species of Clarias garipienus in relation to the length

Fish length No of examined No of Infected % of Infection

10.0-15.0

15.1-20.0

20.1-25.0

25.1-30.0

25

30

15

10

3

5

5

2

12.00%

16.66%

33.33%

20.00%

TOTAL 80 15 18.75%

DUSCUSION

The high prevalence in male by blood parasitic worms in male African catfish Clarias gariepinus may 
similarly be attributed to random selection of due to larger number of males examined as compared 
with the females. The prevalence as recorded in this study, is an indication of high parasitic burden that 

The prevalence of trypanosome parasites for both male and female Clarias gariepinnus in the present 
study was 18.75%. This is less than the 50% prevalence in the Clarias gariepinus and Bagrus bayad 
(Silver catfish) from Lake Victoria recorded by Paperna (1996). Nico et al. (2004) also reported a high 
infection rate of trypanosome with 79% prevalence in Synodontis spp and 43% prevalence in Clarias 
gareipinus. The low prevalences of infection (18.75%) observed in the present study may probably be 
due to low population of the leeches in Zobe artificial lake. This assumption is based on Thomas (1973) 
submission that in the control of schistosomiasie the population density of the vector (Leech) must be 
at optimum and that below this critical threshold transmission may cease. 
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CONCLUSION

could affect the performance of the fish species in the wild, and possibly predispose economically 
important species to extinction as perceived (Thompson et al., 2013).

 induced nitric oxide-mediated apoptosis. Dev. Comp. Immunol. 50, 

Fink, I.R., Ribeiro, C.M.S., Forlenza, M., Taverne-Thiele, A., Rombout, J.H.W.M.,Savelkoul, H.F.J. and 
 Wiegertjes, G.F., (2015). Immune-relevant thrombocytes of common carp undergo parasite-

Nico S.J, Van As J.G. and Davies A.J. (2004). Fish trypanosome from the Okavango Delta, Botswana. 
 Folia Parasitologica 51 : 299-303
Olaosebikan,  B.D.  and  Raji  A.  (2013).  A Field guide  to  Nigerian  freshwater  fishes  Revised 

 146–154.http://dx.doi.org/10.1016/j.dci.2015.02.008

 edition  Federal  College  of  Freshwater fisheries technology, New Bussa, Niger State.144pp

The outcome of this study indicated that Clarias gariepinus spp frrom Zobe Reservoir are infected 
with blood parasites (Trypanosomes spp). This infection cut across sizes, sexes and age of the fish. 
Further research should be done on the strains of Trypanosomes spp that infect Clarias gariepinus.
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Domestic and industrial activities generate effluents which serve as sources of elevated concentrations 
of phosphorus and nitrogen loads, ammonia and solids thereby reducing the quality and functional 
ability of the receiving waters (Isikhuemhen and Mikiashvili, 2009; Adebayo-Tayo et al., 2011; 
Igboanugo and Chiejine, 2011; Egwuonwu et al., 2012; Ezeonu et al., 2012; Kenneth et al., 2016; 
Adekanmbi and Falodun, 2017; Udoh and Adaka, 2018; Udoh et al., 2020). They also bioaccumulate 
in fish and shellfish (Ajima et al., 2015 Adaka et al., 2017; Abiaobo et al., 2020).  Brewery effluents 
also contain pollutants, including heavy metals such as lead, chromium, and cadmium, which pose 
significant environmental risks when discharged untreated into water sources. Untreated effluents 
also pose economic costs in that they require recycling, management and conservation techniques to 
ensure ecosystem integrity and health. Such economic costs could limit water resources for public 
water supply, recreation, and tourism and can generate formidable conflict over the development of 
sites for other uses, including irrigated farming and aquaculture. Crop and animal farming and 
aquaculture are highly adopted forms of family entrepreneurship, economic wellbeing and for steady 

Untreated effluents generated from domestic and industrial 
activities constitute a major source of pollution to natural waters. 
Untreated effluents from an urban brewery facility located in Uyo 
metropolis southeast Nigeria were screened for useful 
autochthonous microbial flora. The potential of bioremediation to 
remove harmful heavy metals in the effluent was evaluated with a 
view for aquaculture and irrigation uses. The beneficial 
autochthonous fungi isolated included Aspergillus sp., Verticillium 
sp. and Mucor sp. Untreated effluents were inoculated with pure 
colonies of fungi isolates; control group were not inoculated; all were 
incubated for seven (7) days. Metal levels in the raw and remediated 
effluents were analysed for heavy metals and compared with 
National Environmental Standards, Regulations Enforcement 
Agency (NESREA) limits and aquaculture standards. Results 
confirmed bioremediation of some heavy metals like Fe, Zn, Pb and 
Cd in the brewery effluents; but the remediated effluents were not 
suitable for use in aquaculture or irrigation. Hence, the current 
practice of irrigating crops with such effluents should be discouraged.

ABSTRACT

Keywords:
Aquatic ecosystem,
effluent toxicity, 
industrial pollution,
waste recycling,
urbanization
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income among urban dwellers in Uyo metropolis (Udoh and Adaka, 2018).
The assessment of quality of water sources in cities and environments confirm the leaching and spread 
of bacteria, viruses, heavy metals, and dissolved salts in surface and groundwater sources, owing largely 
to improper treatment and disposal of untreated domestic and industrial effluents to adjoining water 
bodies (Udoh and Adaka, 2018; Udoh et al., 2020). Hence, several local, international and 
intergovernmental institutions have made water quality, sustainable development and environmental 
protection their concern, establishing pollution abatement policies (Udoh et al., 2020). This study 
therefore investigates the ability of autochthonic and indigenous microbial community originating 
from the brewery effluents in removing or neutralizing in-situ pollutants in these effluents through 
their biological activities; thereby checking environmental deterioration of public water sources. 

Study site, sampling and sample preparation

Composite sub-samples of in-situ effluent were collected at the effluent discharge point within the 
brewery facility in sterile 10 litre plastic air-tight screw-capped containers to avoid contamination. The 
sample was labeled appropriately and transferred in ice box to the Microbiology Laboratory, University 
of Uyo, within 24 hours of analyses.  

MATERIAL AND METHODS

A brewery facility in the city of Uyo situated at longitude 7º 55' 21” E and latitudes 4º 52' 35” N was 
chosen as study site. The area is typically a tropical rain forest zone with a luxuriant population and 
diversity of fauna. The mean annual temperature and rainfall of the area are: 26.4 °C (21 0C to 29 0C) 
and 2509 mm (300 mm to 3500 mm), respectively (Climate-Data, 2018). The dry season of the area 
spans April to December; and wet season, January to March.

Fungi isolation and characterization: 
Microbiological analyses

A 2 ml sample of raw effluents was aseptically inoculated on Potato Dextrose Agar (PDA) media for 
isolation of fungi; and 2 ml of streptomycin was added to the PDA media to inhibit bacterial growth. 
The PDA media was autoclaved at 121ºC for 15 minutes, allowed to cool to obtain sterilized molten 
media aseptically poured into sterilized petri dishes. The inoculated media were incubated at 28 ºC 
and observed for 7 days for fungal growth (Holt et al., 1994). Fungal colonies growing on PDA were 
isolated, and purified through repeated sub culturing until pure colonies of fungi were obtained. 
Thereafter, the isolates were stained with lactophenol and observed under the microscopes for 
characteristic features such as colony colour, type of soma, nature of hyphae, special vegetative 
structure, conidia head, vesicle shape, and so on (Holt et al., 1994). 

The standard procedures of APHA (2005) were followed in determination of heavy metals. Each 100 
ml of the sample was acidified with 5ml of concentrated nitric acid (HNO3) and heated to boil, until 
the volume is reduced to about 15 – 20 ml, and all residues completely digested. The mixture was 
cooled, transferred and made up to 100ml using metal-free distilled water. The digested samples were 
filtered to remove any particulates; and thereafter introduced into the atomic absorption 
spectrophotometer, AAS. Samples were diluted within their transmitting wave length proportional to 

 

Inoculation of effluent and bioremediation: 
Pure colonies of different fungal isolates were subsequently seeded into slants in sterile McCartney 
bottles containing about 20 ml of molten medium. Extracts of the mycelia growth from these fungal 
isolates were inoculated aseptically into the Petri dishes containing 10 ml of raw effluent; incubated at 
28 ºC and observed for 7 days for fungal growth (Holt et al., 1994).

Determination of heavy metal concentrations 
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the concentration of each metal, to avoid excess stray light. The specific wavelengths used were: 
213.9nm (Zinc, Zn), 228.8nm (Cadmium, Cd), 232.0. (Nickel, Ni), 240.7 nm (Cobalt, Co), 248.3nm 
(Iron, Fe), 257 nm (Manganese, Mn), 283.3nm (Lead, Pb), 318.4nm (Vanadium, Vn), 324.7nm 
(Copper, Cu), and 357.9nm (Chromium, Cr).

Table 2 shows the heavy metal levels in raw and remedied effluents. Higher Fe concentrations were 
recorded in the raw (1.04 mg L-1) compared to remedied effluent (0.31 mg L-1); values were above 
the approved NESREA standard. Zinc content was not detected in the remedied effluent sample; but 
was 0.04 mg L-1recorded in the raw effluent. Lead (Pb) values were above the permissible standard of 
NESREA, 0.03 mg L-1and 0.01 mg L-1, for the raw and remedied effluents, respectively. Cadmium 
(Cd) levels were below the permissible limits in the raw and remedied effluents:  0.20 mg L-1and 0.04 
mg L-1, respectively. Copper, (Cu), Manganese (Mn), Nickel (Ni), Chromium (Cr), Vanadium (Vn) 
and Cobalt (Co) contents were not detected in both raw and remedied effluents.

Statistical analysis

RESULTS AND DISCUSSION
Three fungal isolates obtained from the raw effluent were identified based on physical structures 
(Table 1). Verticillium sp was identified as exhibiting cottony white to pale yellow colony, filamentous 
with septate hyphae, one-celled conidia head present and absence of Chlamydiospore. Aspergillus sp. 
was characterized by a compact white or yellow basal dark colony, filamentous with septate hypae; foot 
cells present with asexual reproductive conidiophores (smooth-walled and erect) and possessing a 
globose vesicle shape. Mucor sp displayed creamy yellow colony, filamentous with coenocytic hyphae; 
sympodial, branched sporangiophore and zygospores; no conidia head and vesicle shape present (Table 
1). Microbiological analyses from this study confirm that raw untreated brewery effluent contain a 
host of fungal species including Aspergillus sp. and Verticillium sp (Akthar and Mohan, 1995; Ezeonu 
et al., 2012; Nwogu et al., 2014); as well as viruses, bacteria, fungi, protozoa and helminthes 
(Reinheimer, 1991). This occurrence could be attributed to organic matter present in the brewery 
effluent (Ogbeibu and Ezeunara, 2002; Igboanugo and Chiejine, 2011; Akpor and Muchie, 2011; 
Kenneth et al., 2016). Consequently, untreated wastewater rich in organic matter and essential 
nutrients introduce much variability into the microflora of the effluent and its associated water bodies. 

Data obtained from the analysis of the parameters before and after remediation of effluent were 
subjected to paired sample t-Test and one-way analysis of variance (ANOVA) using SPSS software for 
Windows Version 13) to compare any significant differences arising from remediation experiment; 
valid inferences was put at the significance level (P<0.05).

This study corroborates the capability of endemic microbial populations in biological sewage 
treatment. Traditionally, these microorganisms are used in either in fixed film systems, suspended film 
systems or lagoon systems, depending on the preference of the treatment plant. This is evident in this 
research that inoculation of microbes (Aspergillus sp., Verticillium sp. And Mucor sp.) and incubation 
of effluent over a 7-day period successfully manifested significant (p = 0.05) changes in heavy metal 
contents of inoculated effluent (Table 2).  
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 Table 2 Heavy metals concentrations of raw and remediated brewery effluents in comparison with 
NESREA and aquaculture Standards (mg L-1)
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Isolates / 
Colony colour

SomaType Nature of 
Hyphae

Special 
Vegetative
Structure

Asexual spore Special 
Reproductive 
structure

Conidial  
head

Vesicle 
shape

Probable 
organism

1.Cottony 
white to pale 
yellow 

Filamentous Septate - One celled conidia 
heads (cylindrical in 
shape) 

Solitary Phialides
chlamydiospores 
absent 

- - Verticillium
sp.

2.Compact 
white or yellow
basal dark 

Filamentous Septate Footcell Globose conidia Smooth walled 
erect 
conidiophores 

Globose Globose Aspergillus 
sp.

3.Creamy yellow Filamentous Coenocytic Sporangiophore Sympodially
branched
sporangiophore
Zygospores

Mucor sp

Table 1. Characterization of fungal isolates

Source: Field Data 

Parameters
Raw Remediated

E

NESREA
Standard 

Aquaculture
Standard*

t-Test P Remarks

Iron, Fe 1.04a 0.31b <0.001 <0.01
485 0.00106 

Remediated, 
unsuitable

Cadmium, Cd 0.20a 0.04b 1 <0.005
14.120 0.00015 

Remediated, 
unsuitable

Lead, Pb 0.03a 0.01 b 0.005 <0.05 
13.193 0.00019 

Remediated, 
unsuitable

Zinc, Zn 0.04 BDL 2 <0.005
107.470 0.00000 

Remediated, 
unsuitable

Copper, Cu BDL BDL 0.5 <0.02 -47.206 0.00000 Not detected

Manganese, Mn BDL BDL 0.2 <0.01 64.790 0.00000 Not detected

Nickel, Ni BDL BDL 0.2 <0.05 6.290 0.00326 Not detected

Chromium, Cr BDL BDL <0.001 0.03 3.207 0.03268 Not detected

Vanadium, Vn BDL BDL <0.001 <0.1 13.495 0.00017 Not detected

Cobalt, Co BDL BDL <0.001 <0.05 - - Not detected

BDL – below detectable limit    
Source: Field data . Means with same superscript are not significantly different (p<0.05).  

*(FAO, 1989; Obot et al., 2016) 

Remediated, unsuitable = bi-remediated effluents were not suitable for use in aquaculture and 
irrigation operations.

This study confirm that the studied brewery effluent was rich in fungi with potentials to reduce and 
decrease toxic metallic compounds such as Fe, Zn, Pb and Cd to varying levels. These inoculated 
microbes employ diverse mechanisms in biologically degrading these effluents. These mechanisms 
include biosorption - passive binding of heavy metals to fungal cell walls, primarily via functional 
groups like carboxyl, amine, and phosphate, which are present in fungal polysaccharides (Akthar and 
Mohan, 1995; Isikhuemhen and Mikiashvili, 2009; Javanbakht et al., 2014). Some fungi 
bioaccumulate and absorb heavy metals intracellularly through active transport of metal ions across the 
fungal membrane, where they may be stored in vacuoles or bound to proteins (Bai and Abraham, 2001; 
Adebayo-Tayo et al., 2011). Certain fungi can detoxify heavy metals by biotransformation, altering 
their oxidation state, making them less bioavailable and less toxic. For example, chromium (Cr6+) can 
be reduced to the less toxic Cr3+ by fungal enzymes as demonstrated by Adekanmbi and Falodun 
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Brewery effluents contain metal-laden impurities which limit their beneficial use. They also contain 
strains of Aspergillus, Verticillium and Mucor which possess unique metabolic capabilities which make 
them suitable remediants and effluent modifiers. Such bioactive capabilities include biosorption, 
bioaccumulation, biotransformation, and the secretion of exopolysaccharides. Results from this study 
indicate that when such effluent modifiers are inoculated in effluent holding facilities for up to seven 
days prior to discharge, they could reduce heavy metal contents and environmental deterioration of 
receiving public water sources. However, a seven-day incubation did not sufficiently achieve 
remediation to permissible levels suitable for use of remediated effluent in aquaculture and irrigation 
operations. Further studies would require extending the incubation period to achieve this purpose. 
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EVALUATION OF HEAVY METAL LEVELS IN SEDIMENTS OF 
ESCRAVOS ESTUARY, NIGER DELTA, NIGERIA

 

INTRODUCTION
Surface water contamination is linked to rising levels of both natural and human-made contaminants 
(Adeniyi, 2024). Heavy metals are elements generally characterized by their high atomic mass and 
density (Ewutanure and Asogwa, 2024). They are considered as serious threat due to their 
environmental persistence, toxicity and ability to incorporate into food chains (FAO, 2018).  Heavy 
metals enter the aquatic biota through geogenic and anthropogenic sources (Gijo and Alagoa, 2022). 
They may be bioaccumulated in aquatic fauna species thereby threatening their health and 
reproductive processes (Haynes, 2015). This knowledge can help identify pollution sources, develop 
effective mitigation strategies and monitor the success remediation effort.

The Escravos Estuary is an important fishing area for the people living along its coast but the massive production of 

While, sediments are originally formed by weathering processes and transported to the benthic 
environment, they are made up of particulate matter of various shapes, sizes and mineralogical 
constituents (FEPA, 2011). It has been reported that sediments act as a sink for pollutants due to the 
fact that pollutants are frequently discharged into surface water bodies (USEPA, 2009). 

Surface water contamination is linked to rising levels of both natural 
and human-made contaminants. There is, however, dearth of 
information regarding heavy metal (HM) concentrations in the 
Escravos Estuary (EE) and their effects on aquatic fauna species. This 
study investigated the levels of heavy metals in sediments of Escravos 
Estuary (EE), Niger Delta Nigeria. Spatially, Escravos Estuary was 
stratified into three stations (A1, A2, A3) based on predominant 
human activities, while monthly sampling covered February to May, 
2024. Surface sediments samples were collected from the three 
stations, digested and analysed for heavy metals (Cu, Ni, Cd, Zn) 
mg/Kg using Atomic Absorption Spectrophotometer according to 
standard procedures. Data obtained were subjected to inferential 
statistics and ANOVA at a0.05 level of significance. Spatially, 
significantly highest (60.23±23.21) and least (49.17±16.24) levels 
of Cu occur in A3 and A1. Highest (36.52±11.36) and least 
(34.99±13.72) levels of Ni occurred A1 and A2, while it ranged from 
29.92±19.54 to 35.02±1.02 in February and April, respectively. 
Level of Ni in the sediments of EE is relatively higher than 
recommended limits and this could threaten the survival of its 
benthic organisms. 
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Data from this study were analysed using descriptive (means and standard deviation) and inferential 
statistics (one-way ANOVA) by using SPSS (version, 22).

crude oil in the area has led to incessant oil spillages on the surface water (Ewutanure et al. 2022).  Evaluating 
heavy metal level in the sediment of Escravos Estuary will provide an insight on the potential impacts of heavy 
metal on its sediments (Ewutanure and Olaifa, 2021). This research is therefore aimed at evaluating heavy metals 
(Nickel, Cadmium, Copper and Zinc) levels in the sediments of Escravos Estuary.

Study area

Sampling techniques

Sediment sample was digested according to the method described by AOAC, (1990) as follows: One 
gramme (1g) of air – dried sediment sample was ground in a mortar and heated to reddish brown in a 
furnance and moistened using de – ionised water. 1 mL of 60% perchloric acid and 20 ml of 40% 
hydrofluoric acid were added. The content was heated to dryness in a sand bath at 180oC. It was 
cooled and 15 mL of 10% hydrochloric acid added.  The mixture was heated in a crucible to dryness 
(APHA, 1992). The concentrations of the metals in the sediment were determined using Atomic 
Absorption Spectrophotometer according to standard procedures (ASTM, 2006).

The Escravos Estuary was spatially stratified into three stations (A1, A2, A3) based on predominant 
human activities. Monthly stratification covered February – May, 2024. Intertidal sediment samples 
were collected by using van Ven bottom grab sampler (vanVen, 1979), placed in labeled polyethylene 
bags, sealed and transported to the laboratory for analysis. The samples were then air-dried at room 
temperature and homogenized for further study in the laboratory.

RESULTS

Table 1 Spatial heavy metal levels in intertidal sediment of Escravos Estuary

Escravos Estuary is located on latitudes 5°35'42" N and 5°35'18" N of the equator and longitudes 
5°33'59" E and 5°43'4" E of the Greenwich meridian, while the exact locations of all sampling stations 
were determined using Garmin GPSMAP eTrex10 type sensors. The Escravos Estuary flows along a 
distance of about 35 miles and transverse the zone of mangrove swamps. It passes through the Bight of 
Benin and the Gulf of Guinea where it eventually emptied into the Atlantic Ocean. It has been 
reported that the Escravos Estuary consistently experience relatively strong wave and tidal effects 
(Ewutanure and Binyotubo, 2021). It is located in a mangrove swamp forest with major identified 
mangrove species as Rhizophora racemose (red), Avicennia africana (white) mangroves (Ewutanure 
and Asogwa, 2024).

Statistical analyses 

MATERIALS AND METHODS

Sediment digestion and heavy metal analyses

Results of heavy metal concentrations in the intertidal sediment of Escravos Estuary among stations 
and months are presented in Tables 1 and 2, respectively. Though, there were significant differences 
(p<0.05) in means of Cu, Cd and Zn among stations and months, their concentrations were within the 
acceptable limits by FEPA, (2011) and USEPA, (2009).
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Heavy metals

Stations
FEPA, (2011) USEPA, (2009)A1 A2 A3

Cu (mg/Kg) 49.17±16.24c 54.71±10.71b 60.23±23.21a 65 73
Ni (mg/Kg) 36.52±11.36 34.99±13.72 35.67±2.62 35 48
Cd (mg/Kg) 0.79±0.20c 0.86±0.15b 0.98±0.16a 1.2 1.2
Zn (mg/Kg) 65.61±16.01b 70.14±19.15a 59.99±23.41c 120 120

Note: Means values with same superscripts along the rows are not significantly different at p > 0.05. 
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Table 2 Monthly heavy metal levels in intertidal sediment of Escravos Estuary

Heavy metals
Months FEPA, 

(2011)
USEPA, 
(2009)

February March April May
Cu (mg/Kg) 56.49±15.13b 61.11±10.17a 45.78±14.68d 54.63±21.18c 65 73
Ni (mg/Kg) 29.92±19.54b 31.31±17.16b 35.02±1.20a 32.18±4.10b 35 48
Cd (mg/Kg) 0.81±0.19b 0.72±0.16c 1.09±0.13a 1.01±0.41a 1.2 1.2
Zn (mg/Kg) 43.44±17.35c 70.13±5.42b 70.64±11.14a 69.17±14.01b 120 120

DISCUSSION

Note:Means values with same superscripts along the rows are not significantly different at p > 0.05. 

 Journal of Official Method of Analyses 8.1: 551 - 573.

Regular monitoring of the Escavos Estuary to assess its heavy metal levels and ecological health should 
be encouraged, while regulations reflecting current environmental management should be reviewed, 
updated and implemented.

Adeniyi, A. O. (2024): Exploring Environmental Influences on Fish Abundance and Distribution in Nigeria: A 
 Case Study of Lower River Niger, Agenebode, Nigeria  6th International Cappadocia Scientific 

Though the values of Cu, Cd, Ni and Zn obtained among station and months in the intertidal sediment 
of Escravos Estuary were relatively high, they were lower when compared with FEPA, (2011) and 
USEPA, (2009) limits. This implies that the sediment quality is still within the acceptable limit of 
metal accumulation. It has been reported that sediment with lower concentrations of pollutants may 
not cause any harm to benthic invertebrates in the immediate but prolong contact with it could lead to 
accumulation of such toxicants in their body tissues (Ewutanure and Asogwa, 2024). Results from this 
study agreed with Ewutanure and Binyotubo, (2021) who recorded similar level of heavy metal in 
sediment within the study area and attributed it to the constant flow of water and upwelling along the 
Escravos Estuary that prevents excessive accumulation of heavy metals and other related pollutants.

Generally, results obtained from this study indicate that heavy metal concentrations monitored in the 
sediment of Escravos Estuary are still within the acceptable standards of FEPA, (2011) and USEPA, 
(2009) except Ni concentration which was relatively higher than FEPA, (2011) in A3 and April. This 
implies that Ni concentration measure during the study could cause harm to the aquatic fauna species 
and human that depend on them as sources of food.
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ASSESSMENT OF THE PHYSICOCHEMICAL PARAMETERS AND FISH 
COMPOSITION OF OGBESE RIVER, ONDO STATE, NIGERIA.

INTRODUCTION
Water quality here is a term used to express the suitability of water to sustain various uses. Any 
particular use will have certain requirement for the physical, chemical or biological characteristics of 
water. Consequently, water quality can be defined by a range of variables which limit water use. 
Although many uses have some common requirements for certain variables, each use will have its own 
demands and influence on water quality. Water quality is determined by physical and chemical 
limnology of a reservoir (Okoye and Ogbebor, 2024) and includes all physical, chemical and biological 

ABSTRACT
Physicochemical properties play essential roles in the maintenance of 
healthy aquatic ecosystems. This study aimed at assessing the 
physicochemical parameters and fish composition of Ogbese River in 
Ogbese, Ondo State, Nigeria. Water samples were collected following 
American Public Health Association, APHA (2005) standard, while 
fish samples were collected using baited local fish trap. Sixteen samples 
of water were collected fortnightly during the months of February to 
April, 2023. Physicochemical parameters determined include 
temperature (23.560C ± 2.03), alkalinity (96.8mg/L±10.4), pH 
(7.5±0.4), total hardness(105.3mg/L ± 26.7), total suspended solids 
(51.6mg/L ± 12.4), total dissolved solids (102.1mg/L), total solids 
(153.6 ± 12.4), DO (5.2mg/L±1.7), BOD (2.6mg/L±0.6), 
COD(4.0mg/L±1.4), acidity (65.5mg/L ± 9.2), sulphate (15.7±6.5), 
nitrate (9.5mg/L ± 4.8), and phosphate(18.4±3.7) respectively. 
Physicochemical parameters assessed were within the range of values 
recommended by WHO, NIS and FEPA with the exception of 
dissolved oxygen, phosphate and nitrate. Fish composition of this river 
includes two hundred and sixty-two (262) fishes belonging to seven 
different species. These species are Clarias gariepinus, Heterobranchus 
bidorsalis, Oreochromis niloticus, Tilapia zillii, Parachanna obscura, 
Malapterurus electricus, and Hepsetus odoe. Clarias gariepinus have 
the highest population abundance (34%) while the least abundant was 
Hepsetus odoe (2%). In conclusion, Ogbese River is of good quality fit 
for domestic and agricultural purposes except for the excessive lead, 
phosphate, nitrate and dissolved oxygen content that needed to be 
checked and controlled. However, further study is recommended on 
the source and quantification of heavy metals present in the river for 
timely intervention to public health advantage.

Keywords:
Physicochemical
parameters,
Fish, Ogbese River,
Ondo State, Pollution.
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Data obtained were subjected to statistical analysis mainly descriptive statistics to determine the 
mean, standard error and correlation coefficients.

Fish sampling was carried out on the river during the period of study using baited local fish traps. The 
traps were suspended in the river with a bait inside it to capture the fish available at 6p.m and the 
captured fishes were collected very early the next day latest by 9a.m. Fishes captured at a time were 
identified and named in accordance to the rule of taxonomy using Olaosebikan and Raji (2013) and the 
numbers of each species was recorded accordingly. 

factors of water that influence the beneficial use of water. Water quality is important in drinking water 
supply, irrigation, fish production, recreation and other purpose to which the water must have been 
important (Moshood, 2008). Therefore, water quality concerns are often the most important 
component for measuring access to improved water sources and it also dictates the type and quality of 
fish found in the river. Fish are rich sources of protein, essentially fatty acids, vitamins and minerals. 
Muhammed and Zeliha (2023) reported that fish flesh is about the best source of animal protein, 
better digested than beef and poultry, and it contains a good quality and quantity of mineral salts. Also, 
fish oil is poly-unsaturated fatty acids with anti-cholesterol factor. He concluded that regular 
consumption of fish is beneficial to human body. This study aimed at assessing the status of 
physicochemical parameters and fish composition of Ogbese river in Ondo State.

MATERIALS AND METHODS

Sample Collection and Analysis: Sampling was carried out fortnightly, between the month of February 
and April (hours of 6:00am to 7:00am) for physicochemical parameters and fish composition. Water 
sampling from the river were collected inside a clean plastic container of 1litre for the purpose of 
physical parameters assessment and the samples were taken to the laboratory in Federal University of 
Technology, Akure for analysis following standard laboratory procedures of (APHA (1995). The 
parameters analyzed include temperature (Celsius thermometer), pH (electronic buffered pH 
metre), Total dissolved solids (TDS), Total solids (TS) and Total Suspended Solids (TSS) (Gavimetry 
method), Dissolved Oxygen (DO), Chemical Oxygen Demand (COD) and Biological Oxygen 
Demand (BOD) (Winkler Method). Nutrients measured include phosphate, sulphate and nitrate, and 
were determined spectrophotometrically. Acidity, alkalinity and hardness were determined using 
titration method. 

Study Area: This study was carried out in Ogbese River located in Ayede-Ogbese along Akure-Benin 
expressway. Ayede Ogbese is under Akure North Local Government Area of Ondo State. The area lies 
within latitude E6°SE8° and longitude N4°N6°E. The river has its source from Ayede-Ekiti in Ekiti 
State and flows through Ogbese in Ondo State to Edo State. The Ogbese community is about 10 km 
east of Akure, the Ondo State capital. The river is surrounded by farmlands and it is a major discharge 
points for industries. Other major anthropogenic activities in the catchment area are automobile 
workshops, car wash and laundry.

RESULTS AND DISCUSSION
The means and ranges of the physicochemical parameters are shown in Table 1, while Table 2 showed 
that of the fish composition obtained from Ogbese River during the period of study.
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Table 1: mean and range of physicochemical parameters in four location on Ogbese River

Physicochemic
al parameters

Late 
Februa
ry

Early 
Marc
h

Late 
Marc
h

Early 
April

Range
Mean ± 
STD

P 
Value

WHO FEPA NIS

Temperature 
(oC)

24 24.75 22.50 23.00
20.00-
27.00

23.6 ± 2.03 0.00 35-40 <40 40

pH 7.10 7.09 7.98 7.74 6.90-8.30 7.5 ± 0.44 0.00 6.5-8.5 6.9 6.5-8.5

TSS (mg/L) 52. 42.00 42.85 68.60
31.50-
74.70

51.6  ± 
12.44

0.00 500 - 500

TDS (mg/L) 98.18
103.3
5

105.6
8

100.88
95.50-
113.40

102.1 ± 
4.86

0.00 500 2000 500

TS (mg/L) 150.88
145.5
5

148.5
3

169.48
134.30-
181.20

153.6 ± 
12.40

0.00 500 - -

DO (mg/L) 3.63 5.83 5.30 6.00 3.20-8.30 5.2  ± 1.70 0.00 2.0 2.9 -

COD (mg/L) 2.56 3.50 4.75 5.20 1.90-6.20 4.0 ± 1.39 0.01 40 - -

BOD (mg/L) 2.08 2.88 2.35 2.95 1.12-3.50 2.6  ± 0.59 0.01 10 30-50 -

Total Hardness 
(mg/L)

110.95
121.5
8

120.6
5

67.85
40.60-
151.30

105.3 ±  
26.65

0.06 100 - 100

Acidity (mg/L) 1.28
213.2
8

1.53 45.89
1.20-
242.10

65.5 ±  9.15 0.00 - - -

Alkalinity 
(mg/L)

165.43 1.48
217.1
8

3.23
1.20-
250.30

96.8 ± 
10.14

0.02 150 - 150

Sulphate 
(mg/L)

21.28 15.65 19.88 5.84 4.50-22.30 15.7 ± 6.45 0.01 48-200
500-
1000

500

Nitrate (mg/L) 6.75 6.73 7.70 16.88 5.20-20.30 9.5 ± 4.80 0.08 1.0 2.0 1.0

Phosphate 
(mg/L)

19.74 16.03 18.25 19.58
11.30-
25.10

18.4 ± 3.67 0.00 10 - -

Fish Composition of Ogbese River

Table 2: Check list for Fish Fauna in Ogbese River between February and April 2021

Fish Fauna February March April TOTAL Percentage (%)

Clarias gariepinus 20 36 34 90 34

Heterobranchus   dorsalis 11 11 22 44 17

Oreochromis niloticus 8 19 31 58 22

Tilapia zilli 3 6 8 17 7

Parachanna obscura 9 11 19 39 15

Malapterurus electricus 1 2 5 8 3

Hepsetus odoe 1 2 3 6 2

TOTAL 53 87 122 262 100
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 significant source of nutrients. Journal of Public Health and Nutrition. Volume 6 Issue 4: 1-10.  

Okoye, G.U. and Ogbebor, J.U. (2024). Physicochemical Limnology and Water Quality Assessment of 

A total of two hundred and sixty-two fishes of seven different species were obtained from Ogbese 
River during the study period. Our findings on the icthyofauna of Ogbese River are quite similar to that 
of Adewumi et al. (2015) which was conducted on the ichtyofauna of an aspect of Ogbese River that 
flows through Ekiti State. The authors reported a total of 2,700 fishes between the months of October, 
2010 - February, 2011. According to the authors, nine (9) species belonging to six (6) families were 
recorded. Six (6) species (Clarias gariepinus; (410), Heterobranchus bidorsalis (508), Oreochromis 
niloticus (508), Mormyrus rume (227), Mormyrus macrophythamus (221) and Malapterurus 
electricus (341). were dominant species, Hepsetus odoe and Parachanna obscura were sub-dominant, 
while Tilapia zillii was rare.

 South West, Nigeria. International Journal of Science. 4(5) 

In conclusion, Ogbese River possessed good quality water fit for domestic and agricultural activities. 
However, further study is recommended on the source and quantification of heavy metals present in 
the river for timely intervention to public health advantage.

 http://www.ijsciences.com/pub/issue/2015-07/
APHA (1995). Standard Methods for the Examination of Water and Waste Water. 19th ed. 
 American Public Health Association Inc., Washington, DC, 1467 pp.
Moshood M.K. (2008). Assessment of the water quality of Oyun Reservior, Offa, Nigeria, using selected 
 physic-chemical parameters. Turkish Journal of Fisheries and Aquatic Science. 8:309-319. 
 https://www.trjfas.org/uploads › pdf_626Mustapha, Y.N. and Zeliha, S. (2023). Fish as a 

The results showed that all the measured parameters had mean values that are relatively within the 
allowable limits compared with the standard values of WHO, FEPA AND USEPA. Only dissolved 
oxygen, hardness, nitrate and phosphates exhibited mean values above the standard recommended 
limits. This might be due to surface runoff from nearby cultivated farmlands where fertilizer 
(especially NPK) has been washed into the river. 

REFERENCES
Adewumi A.A., Idowu E.O., and Adeniji A.A. (2015). A survey of the Ichtyofauna of Ogbese River, 

 https://www.researchgate.net/publication/377853193

 Management. Vol. 28 (9) 2927-2936. : https://dx.doi.org/10.4314/jasem.v28i9.39
Olaosebikan, B.D. and Raji, A. (2013) . Field guide to Nigerian Freshwater Fishes. Revised Edition. 
 Federal College of Freshwater Fisheries Technology, New Bussa, Nigeria, pp144.

 Ten Surface Water Bodies in Edo State, Nigeria. Journal of Applied Science and Environmental 

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA

236



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

237

BLUE BIOTECHNOLOGY 
AND GENETICS (BBG)



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA
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The order Osteoglossiformes, commonly known as bonytongues, composed of about 250 species 
distributed in 31 genera and six families (Fricke et al., 2022; Froese and Pauly, 2022) is an ancient fish 
order believed to have diverged early from the main Teleostean lineage (Bian et al., 2016) Anatomically,  
fishes in this order bear a characteristic bone that resembles a tongue located on the floor of the mouth; 
this primitive feature distinguishes it from the remaining fish groups and from where it derives its common 
name (Helfman et al., 2009) Although a relatively small fish order distributed in six families: Mormyridae, 
Pantodontidae, Gymnarchidae, Arapaimidae, Osteoglossidae and Notopteridae, the Osteoglossiformes 
are found in the tropical regions of all the major continents in the southern hemisphere (Lavoue and 
Sullivan, 2004) Three of the Osteoglossiformes families; Mormyridae, Pantodontidae and, 
Gymnarchidae are endemic to Africa, while Arapaimidae and Notopteridae are represented in the African 
continent by at least one species (Bera, 2001; Olivera et al., 2020).
The suborder, mormyroidea made up of the Mormyridae and the Gymnarchidae, possess electroreceptor 
cells which enable them to send and detect weak electrical signals, the nature of which are species specific 
and could be valuable in the taxonomy of the group (Arnegard and Carlson, 2005;) The large mormyroids 
cerebral are presumably used in coordinating these electrical signals (Helfman et al., 2009). 

INTRODUCTION

ABSTRACT
Studying the metaphase chromosomes of Gymnarchus niloticus 
collected from the River and Lekki Lagoon in western Nigeria is 
crucial in understanding their chromosome composition. 
Chromosomes were extracted from the fish kidney after 
intraperitoneal injection with 0. 05% colchicine solution at 1 ml per 
100g fish; the extracted kidney was homogenised and washed by 
centrifugation thrice consecutively in 3: 1 methanol acetic acid 
fixative. Slide preparation followed the standard Giemsa staining 
procedure; the prepared slides were examined for good metaphases, 
and the images were captured using a photomicroscope; metaphases 
were classified as metacentric, sub-metacentric, and acrocentric 
considering their centromeric position. The result revealed a 
significant difference in the chromosome composition of 
Gymnarchus species from the two locations, both in their numbers 
and features. The samples from the Oluwa River had a karyotype of 
2n = 54, characterised by uni-armed and bi-armed chromosomes. In 
comparison, specimens from Lekki Lagoon exhibited a karyotype of 
2n = 34 made up of only bi-armed chromosomes; this suggests that 
the species from the two sampled locations belong to different 
evolutionary lineages, underscoring the urgent need for further 
investigation into their species diversity.

Keywords:
Bonytongues, Mormyroidea,
karyotypes, metaphase
chromosome, strains 
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Five specimens of G. niloticus were collected from the Oluwa River and Lekki Lagoon in western 
Nigeria. Metaphase cells were obtained from the anterior portion of the kidney (Bertollo et al., 2015) 
Protocol for metaphase cell and slide preparations were followed (Bertollo et al., 2015), and Jegede et 
al. (2018) Dividing cells were arrested at the metaphase stage by injecting fish intraperitoneally with 
0.01mlg-1 of 0.05% colchicine for 1 hr, after which the fish was sacrificed, the kidney isolated and 
placed in a hypotonic solution. Hypotonic treatment was performed using a 0.075 M potassium 
chloride solution lasting for 20 min. After hypotonic treatment, the kidney fragments were 
homogenised using a hypodermal syringe without a needle.  The cell suspension was washed thrice 
consecutively in 3: 1 methanol: acetic acid fixative by centrifugation. After the last centrifugation, the 
precipitated cells were suspended in 1 ml fixative and stored in a freezer pending slide preparation. 
Two drops of the prepared metaphase cells were dispenced on different parts of the slides from a 
height of 12 cm to 20 cm.

For the Oluwa River samples, Chromosome 1 was a very large metacentric; Chromosomes 2 – 4 were 
medium metacentrics, while chromosomes 5 – 13 were small; the submetacentrics were composed of 
five large (chromosomes 14 – 18), one medium (chromosome 19) and a small (chromosome 20) 
chromosome; uni arm chromosomes were represented by seven subtelocentric, of which chromosome 
21 was a large, chromosomes; 22 – 24 were medium, and chromosomes 25 – 27 were small (Figure 3) 
Chromosome composition of Lekki Lagoon specimens revealed that Chromosomes 1 – 7, and 8-13, 
were large and small metacentrics respectively, while chromosomes 14 – 17 were submetacentrics.

MATERIALS AND METHODS

The slides were stained for 30 minutes at 6% Giemsa solution and metaphase chromosomes, captured 
using GALENTM professional microscope model BA 120. The modal diploid chromosome number 
obtained from at least twenty spreads from specimens from each location was recorded as the diploid 
chromosome number. Chromosome arms were measured electronically using Adobe Photoshop CS5 
version. Metaphases were classified as metacentric, sub-metacentric, and acrocentric considering 
centromeric position. Centromeric position and nomenclature followed the criteria of Levan et al. 
(1964). Karyotyping was done electronically using Adobe Photoshop CS5 

Gymnarchus niloticus is the only species in the family Gymnarchidae (Nelson et al., 2016; Jegede et al., 
2018; Hatanaka et al., 2018) had separately reported chromosome compositions for G. niloticus in Lekki 
Lagoon and Oluwa River. In this study, chromosome compositions of G. niloticus from the two water 
bodies were compared to further elucidate chromosome characteristics of the fish and the implication of 
such chromosome diversities to speciation and evolution of karyotypes in the Gymnarchidae.  

Metaphase chromosome preparation

Specimens of Gymnarchus niloticus from the two locations exhibited two different colour morphs 
(Figure 1) The samples from Oluwa River were grey, while those from Lekki Lagoon were blackish. In 
addition, the blackish specimens from Lekki Lagoon were hardier and survived longer in captivity. G. 
niloticus from Oluwa River exhibited a karyotype of 2n = 54 made up of uni and bi-armed 
chromosomes, 2n = 54 (26m+14sm+14sta), FN = 94 while those from Lekki Lagoon showed a 
karyotype of 2n = 34 composed of 26 metacentrics and, 8 submetacentrics: 2n = 34 (26m+8sm), FN 
= 68 (Figures 2 and 3). 

RESULTS

A
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Figure 2: Metaphases of Gymnarchus. Niloticus: A: Metaphase chromosomes of G. niloticus from Oluwa River.
2n = 54 B: Metaphase chromosomes of G. niloticus from Lekki Lagoon 2n = 34

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

B
Figure 1: Gymnarchus niloticus, A = Sampled, from Oluwa River,
                                                    B = Sampled from Lekki Lagoon 

A B

A B

The general concept among fisheries scientists is that the family Gymnarchidae is monotypic, 
consisting of a single species, Gymnarchus niloticus. Even though the local fishermen operating in 
Nigerian coastal waters know that Gymnarchus is composed of two colour morphs, black and grey 
types and that the black type is hardier and more elongated, the prevailing view among them is that 
both are the same. Since the black type is restricted to forested dark waters, the difference in body 
colour has been attributed to the difference in water colour. However, in addition to the observed 
differences in morphology, body colour and probably physiology, this study has shown that the two 
types show a wide gap in their chromosomal composition (Gray type: 2n = 54 (24m+20sm+10sta), 
FN = 94, Black type: 2n = 34 (26m+8sm), FN = 68. The restricted distribution of the black type to 
dark coastal waters and the general chromosome pattern in the superfamily mormyroidea (2n = 48 – 
2n = 50) (Canitz et al., 2017; Ozouf-Costaz et al.,  2015) suggests it harbour the evolved karyotype. 
Although Nigerian coastal lagoons and creeks are a continuum, the difference in the karyotypes of 
these types may have created reproductive isolation that could prevent gene flow between them. The 
concept that the family Gymnarchidae is monotypic needs more investigation. The study has shown 

Figure 3: Karyotype of Gymnarchus niloticus A: Karyotype of G. niloticus in Oluwa River 2n = 54 
(26m+14sm+14sta), FN = 94, B: Karyotype of G. niloticus in Lekki Lagoon. 2n = 34 (26m+8sm), FN = 68

DISCUSSION
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 Molecular Phylogeny and Evolution 33(1): 171-185.

 of Science 20 (3) 539-545.

Helfman, G. S., Collette, R. B., Facey, D. E. and Bowen, R. B. (2009). The Diversity of Fishes: Biology, 

Lavoue, S. and Sullivan, J. P. (2004). Simultaneous analysis of five molecular markers provides a well-
 supported phylogenetic hypothesis for the living bonytongue fishes (Osteoglossomorpha: Teleostei) 

Jegede, O. I., Akintoye, M. A. and Awopetu, J. I. (2018). Karyotype of the African weakly electric fish, 
 Evolution and Ecology. Wiley–Blackwell, a John Wiley and Sons, Ltd., publication. 738p.

 Hereditas 52: 201-220.
Levan, A., Fredgaa, K. and Sandberg, A.A. (1964). Nomenclature for centromeric position on chromosomes. 

 fishes. Biological Journal of the Linnean Society. 

 Gymnarchus niloticus (Osteoglosiformes: Gymnarchidae) from Oluwa River, Nigeria. Ife Journal 

that the family consists of two strains that are distinguishable morphologically and cytogenetically, 
belonging to two different evolutionary lineages. However, further studies are required to determine if 
the two strains represent different populations or species The findings obtained in this study are not 
only of great scientific interest, but are of high value in the management, and conservation of the 
natural population and also in artificial propagation and domestication of this highly valued fish.  

Arnegard, M. E. and Carlson, B. A. (2005). Electric organ discharge patterns during group hunting by a 
 mormyrid fish. Proceedings of the Royal SocietyB: Biological Sciences 272, 1305–1314 
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PERFORMANCE ASSESSMENT OF INTRASPECIFIC HYBRIDS OF THAI 
Oreochromis niloticus STRAINS AND LOCAL Oreochromis niloticus

Ogbuebunu, K. E., M., Yisa, D. C., Nwangwu, M. I., Goni, E. A., Robert, J. O., Eze,  R. Y., Atiribom, O. 
I., Binyontubo, G. R., Abubarkar, A., Abdullahi, M. M., Yahaya, G. Y., Khadijat, E. A., Gabriel, B. H., 
Okojie, C. C., Nworie, Y. S., Mohammed, A. S., Amina and H., Adamu. 

1National Institute for Freshwater Fisheries Research, P.M.B. 6006, New Bussa, Niger State, Nigeria

Intraspecific hybridization has emerged as a powerful tool in aquaculture, enabling the creation of 
superior strains with enhanced growth rate, disease resistance and adaptability to diverse 
environments (Mair et al., 2017; Mohammed et al., 2021). Thai tilapia (Oreochromis spp.) and Nile 
tilapia (Oreochromis niloticus) are two of the most widely cultivated species in global aquaculture, 
with the latter being one of the most extensively farmed fish species worldwide (FAO, 2020). The 
production of intraspecific hybrids between these two species offers immense potential for improving 
tilapia aquaculture; leveraging the desirable traits of each parent species (Sarker et al., 2024). Recent 
studies have demonstrated the feasibility and benefits of producing Thai Oreochromis niloticus strains 
× local Oreochromis niloticus hybrids, exhibiting improved growth performance, survival rate, and 
tolerance to environmental stressors (Ramli et al., 2016; Vajargarh, 2021). However, further research 

INTRODUCTION

ABSTRACT
This study investigated the growth performance of intraspecific hybrids 
of Thai Oreochromis niloticus strains and local Oreochromis niloticus. A 
total of 300 fingerlings were utilized for this 12-week study at the 
National Institute for Freshwater Fisheries Research (NIFFR) hatchery 
complex in New-Bussa, Niger state, Nigeria. A completely randomized 
design with four treatments (Hybrid 1 - TT1 x ON, Hybrid 2 - TT2 x 
ON, Control 1 - TT1 x TT1, and Control 2 - ON x ON) and three 
replicates was used. They were fed commercial fish feed and growth 
parameters (weight, length, feed conversion efficiency, and survival) 
were evaluated. Data analyses revealed significant differences in 
growth performance among the hybrids, providing valuable insights for 
sustainable aquaculture practices. The results showed that the hybrids 
(Hybrid 1 (TT1 x ON) and Hybrid 2 (TT2 x ON) exhibited superior 
growth performance and morphometric parameters compared to 
purebred controls (Control 1(TT1 x TT1) and Control 2 (ON x ON). 
The hybrids had faster growth rates, better feed efficiency, higher 
production capacity, and improved water quality. The study suggests 
that the hybrids can be a promising option for aquaculture production 
due to the heterosis effect. However, further research is needed to 
understand the cause of these differences and ensure wider 
applicability. The findings of this study can contribute to the 
development of more resilient and productive tilapia strains, 
supporting the long-term sustainability of global aquaculture.

Keywords:
Aquaculture, Tilapia Hybrids,
Growth Performance,
Intraspecific Hybridization,
Water Quality Management,
Sustainable Fisheries
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is necessary to elucidate the genetic and phenotypic characteristics of these hybrids, ensure their 
optimal performance and sustainability in aquaculture systems.

Hybridization and breeding protocol: Using a ratio of 1 male to 3 females, Thai Oreochromis niloticus 
males with local Oreochromis niloticus females (Thai O.  niloticus ♂ x local O.  niloticus ♀) were paired 
in happa nets, immersed in water, in 2 by 2 meters concrete tanks. Experimental hybrid combinations 
include:

This study aimed to investigate the intraspecific hybrids of Thai Oreochromis niloticus strains and local 
Oreochromis niloticus, focusing on their growth patterns, morphological characteristics, and genetic makeup. 
By exploring the potential of these hybrids, we can contribute to the development of more resilient and 
productive tilapia strains, ultimately supporting the long-term sustainability of global aquaculture.

· Treatment 1: TT1 x ON1 (Thai O.  niloticus ♂  x local O.  niloticus ♀) (Hybrid 1)

MATERIALS AND METHODS
Study area: The study was carried out at the hatchery complex of National Institute for Freshwater 
Fisheries Research (NIFFR), New-Bussa, Niger State, Nigeria (longitude 9.881219 latitude 4.539907). 

· Treatment 3: TT1 x TT2 (Pure Thai O.  niloticus 1, Control 1)

Statistical analysis: Data was analyzed using descriptive statistics, and one-way ANOVA was employed 
to determine significant differences between means. When significant differences were found, 
Duncan's Multiple Range Test was used to compare and identify specific means. Regression analysis 
was also performed 

Diets and feeding regimen: A commercial fish feed was used to feed the fish 3 to 4 times daily, while 
waste were regularly siphon from the tanks to maintain clean water conditions, thereby promoting 
optimal growth and development of the fish species.

Source of water and quality management: The water source for this research was the Kigera dam, a 
reservoir located in NIFFR, New-Bussa, Niger State. Water quality parameters (temperature, pH, 
dissolved oxygen levels) were monitored using Winkler's method as documented by APHA (1985; 1990). 

Experimental design: The experimental design employed in this study was a completely randomized 
design, with 4 treatments and 3 replicates. 

Broodstock selection: Healthy and mature broodstock (males and females) Thai Oreochromis niloticus 
strains and local Oreochromis niloticus were collected from the Tilapia hatchery Unit, at the hatchery 
complex of National Institute for Freshwater Fisheries Research, New-Bussa, Niger State 

Experimental units: 12 experimental units (each with a capacity of 1000 liters), comprising 4 
treatments and 3 replicates were used. Each replicate contained 25 fingerlings. 

Data collection and evaluation of Performance: Data was collected during bi-weekly random 
sampling of experimental fingerlings to monitor growth progression. The following parameters were 
evaluated: initial and final weight, weight gain, initial and final length, length gain, feed conversion 
efficiency and specific growth rate. 

· Treatment 2: TT2 x ON2 (Thai O.  niloticus ♀  x local O.  niloticus ♂) (Hybrid 2)

· Treatment 4: ON1 x ON2 (Pure local O.  niloticus, Control 2)
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Table 1: Growth Performance Parameters of Interspecific Hybrids and Purebred Controls
RESULTS 

Treatment MIW 
(g)

MFW 
(g)

MWG 
(g)

SGR FCR FCE PI CF Length 
Increase 

Hybrid 1 
(TT1 x 
ON1)

10.5  ± 
0.3 a

51.2  ± 
2.5 a

40.7  ± 
2.2 a

3.5  ± 
0.2 a

1.2  ± 
0.1b

82.1  ± 
3.5 a

273.9± 
15.6 a

1.9± 
0.1a

45.6± 
2.8 a

Hybrid 2 
(TT2 x 
ON2)

10.8 ± 
0.4 a

48.5 ± 
2.1 b

37.7 ± 
1.9 b

3.2 ± 
0.2 b

1.3 ± 
0.1b

78.5 ± 
3.1 b

251.1± 
12.9 b

1.8± 
0.1b

42.1± 
2.5 b

Control 1 
(TT1 x 
TT2)

10.2 ± 
0.3 a

40.8 ± 
1.9 c

30.6 ± 
1.7 c

2.9 ± 
0.2 c

1.4 ± 
0.1a

74.2 ± 
2.9 c

219.8± 
10.3 c

1.7± 
0.1c

38.5± 
2.2 c

Control 2 
(ON1 x 
ON2)

11.0 ± 
0.4 a

38.2 ± 
1.8 d

27.2 ± 
1.5 d

2.5 ± 
0.2 d

1.5 ± 
0.1a

70.3 ± 
2.6 d

201.9± 
9.5 d

1.6± 
0.1d

35.1± 
2.0 d

Means in the same columns (for each section) with different superscript are statistically significant 
(p<0.05). MIW=Mean initial weight (g), MFW= mean final weight (g), MWG =weight gain (g), 
SGR = % specific growth rate, FCR=feed conversion ratio, FCE=feed conversion efficiency, PI= 
performance index, CF=condition factor, TT1 = Thai O.  niloticus ♂, TT2 = Thai O.  niloticus ♀, 
ON1 = local O.  niloticus ♀  and ON2 = local O.  niloticus  ♂

Table 2: Length-weight relationship regression of intraspecific hybrids and purebred controls

Treatment Intercept (a) Growth Pattern (b) Coefficient of 
Determination (R²)

Hybrid 1 (TT1 x ON1) 4.23 ± 0.21 a 0.85 ± 0.04a 0.95 ± 0.02a

Hybrid 2 (TT2 x ON2) 4.15 ± 0.19 b 0.79 ± 0.03b 0.92 ± 0.02b

Control 1 (TT1 x TT2) 3.98 ± 0.18 c 0.73 ± 0.03 c 0.88 ± 0.02c

Control 2 (ON1 x ON2) 3.85 ± 0.17 d 0.69 ± 0.03d 0.85 ± 0.02d

Table 3: Water quality parameters for intraspecific hybrids and purebred controls

Treatment Temperature (°C) Dissolved Oxygen (DO) 
mg/L

pH

Hybrid 1 (TT1 x ON1) 28.5 ± 0.5 a 5.8 ± 0.2 b 7.4 ± 0.1 a

Hybrid 2 (TT2 x ON2) 28.2 ± 0.4 a 5.5 ± 0.2 b 7.3 ± 0.1 a

Control 1 (TT1 x TT2) 28.0 ± 0.4 b 5.2 ± 0.2 c 7.2 ± 0.1 b

Control 2 (ON1 x ON2) 27.8 ± 0.4 b 5.0 ± 0.2 c 7.1 ± 0.1 b

Means in the same columns (for each section) with different superscript are statistically significant 
(p<0.05).

DISCUSSION 
Growth Performance Parameters: Results of growth performance of interspecific hybrids and 
purebred controls (Table 1) show significant differences among the treatments. Hybrid 1 (TT1 x 
ON1) exhibited the best growth performance, followed by Hybrid 2 (TT2 x ON2), while the 
purebred controls (Control 1(TT1 x TT2) and Control 2 (ON1 x ON2) showed relatively lower 
growth performance (Table 1). The initial mean weight (MIW) was similar among all treatments, 
indicating that the fish started with similar weights. However, the final mean weight (MFW), mean 
weight gain (MWG), and specific growth rate (% SGR) were significantly higher in Hybrid 1(TT1 x 
ON1) and Hybrid 2 Hybrid 2 (TT2 x ON2) compared to the purebred controls (Control 1(TT1 x 
TT2) and Control 2 (ON1 x ON2). This suggests that the hybrids had a faster growth rate and better 
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Length-weight relationship: The intercept (a) represents the initial length of the fish, and the results 
indicate that Hybrid 1 (TT1 x ON1) had the highest initial length (4.23 cm), followed by Hybrid 2 
(TT2 x ON2) (4.15 cm), Control 1 (TT1 x TT2) (3.98 cm), and Control 2 (ON1 x ON2) (3.85 cm). 
These differences in initial length may be due to genetic differences among the treatments. The growth 
pattern (b) represents the slope of the length growth curve, and the results indicate that Hybrid 1 had 
the steepest growth curve (0.85), followed by Hybrid 2 (0.79), Control 1 (0.73), and Control 2 (0.69). 
This suggests that the hybrids had a faster growth rate than the purebred controls. The coefficient of 
determination (R²) represents the goodness of fit of the growth model, and the results indicate that 
Hybrid 1 had the best fit (0.95), followed by Hybrid 2 (0.92), Control 1 (0.88), and Control 2 (0.85). 
This suggests that the growth model was more accurate for the hybrids than for the purebred controls. 
Overall, the results indicate that the interspecific hybrids (Hybrid 1 and Hybrid 2) exhibited better 
length growth performance compared to the purebred controls (Control 1 and Control 2). 

growth performance than the purebred controls. Recent studies (Gjedrem et al., 2019; Liu et al., 
2020; Nguyen et al., 2022) have also reported similar findings, highlighting the superior growth 
performance and feed efficiency of interspecific hybrids in aquaculture. These studies, along with the 
current study, demonstrate the consistent superiority of interspecific hybrids in terms of growth 
performance and feed efficiency, likely due to the heterosis effect. The results suggest that hybrids can 
be a promising option for aquaculture production, offering improved productivity and efficiency.

CONCLUSION 

Water Quality Parameters: The results of the water parameters for interspecific hybrids and purebred 
controls show that the hybrids and purebred controls were reared in similar water conditions, with 
some significant differences. Temperature (°C) was similar among all treatments, ranging from 27.8°C 
to 28.5°C, which is within the optimal range for tilapia growth. Dissolved Oxygen (DO) levels were 
significantly higher in Hybrid 1 (5.8 mg/L) and Hybrid 2 (5.5 mg/L) compared to Control 1 (5.2 
mg/L) and Control 2 (5.0 mg/L). This suggests that the hybrids were able to maintain better water 
quality in terms of oxygen levels. pH levels were significantly higher in Hybrid 1 (7.4) and Hybrid 2 
(7.3) compared to Control 1 (7.2) and Control 2 (7.1). This indicates that the hybrids were able to 
maintain a more stable and optimal pH range. The hybrids' superior water quality is attributed to a 
combination of biological (improved feeding efficiency and enhanced digestion), physiological 
(efficient gill function and better osmoregulation) and environmental factors (efficient stocking 
density, improved water circulation and efficient water quality maintenance). 

The feed conversion ratio (FCR) was significantly lower in Hybrid 1 (TT1 x ON1) and Hybrid 2 (TT2 
x ON2) compared to the purebred controls (Table 1), indicating that the hybrids were more efficient 
in converting feed into biomass. The feed conversion efficiency (FCE) was also significantly higher in 
Hybrid 1 and Hybrid 2 (Table 1), further supporting the superior growth performance of the hybrids. 
The performance index (PI) was significantly higher in Hybrid 1 and Hybrid 2, indicating that the 
hybrids had a higher production capacity than the purebred controls. The condition factor (CF) (Table 
1) was also significantly higher in Hybrid 1 and Hybrid 2, suggesting that the hybrids had better body 
condition and health status. The length increase was significantly higher in Hybrid 1 and Hybrid 2, 
indicating that the hybrids had a faster growth rate in length.

The differences in growth performance among the treatments may have important implications for 
aquaculture production. Therefore, it can be concluded that the hybrids' faster growth rate and 
improved growth performance can make them a more suitable option for farmers, potentially leading 
to increased productivity and profitability. However, further research is needed to fully understand the 
causes of these differences and to determine the long-term effects of hybridization on growth 
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INTRODUCTION
Artificial propagation of fish is a most promising and reliable way of ensuring availability of good quality 
fish seeds all year round and sustainability of the Aquaculture industry. 
It involves the use of natural (hypophysation) or synthetic hormones to induce ovulation and spawning in 
farmed fishes (Olumuji et al., 2012). It is a method used for fishes that do not normally breed in captivity. 
The fish farming industry has been more focused towards the quality of eggs and larvae rather than that of 
spermatozoa, even though the spermatozoa quality of male brood stock also affects the production of 
healthy larvae (Rurangwa et al.,  2004). Artificial fish propagation is the most effective and reliable way of 
ensuring the availability of high-quality fish seed throughout the year and the sustainability of the 
aquaculture industry. Normal saline which is the commonly used form of saline solution is prepared by 
dissolution of 9 g of NaCl in 1 litre of water (Madu 1989). Saline solution is used not only as a carrier of 
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ABSTRACT
Comparative study of the effectiveness of Coconut water and saline 
solution in breeding of Clarias gariepinus fingerlings. Was carried in a 
farm hatchery within Abuja environment. With the aim of evaluating 
the fecundity, percentage fertilization, hatchability and growth 
performance and Survival of the hatchlings. Pair of broodstock was 
obtained in a commercial fish farm in Abuja. The eggs were spawned 
into six treatment with three replication each, thereafter at fry stage 
at the second phase of the study thirty fry from each treatment were 
randomly selected and stock in labelled 20litre plastic bowls T1, T2, 
T3, T4,T5 and T6  in three replicate each for determination of 
growth performance. Hatchlings were reared for the period of eight 
weeks. The result indicates that higher percentage fertilization was 
recorded in T2 (2:5ml) each of coconut water and saline solution at 
(98%) with the least been recorded in T3 (3:2ml) of coconut water 
and saline solution at (92%). Meanwhile higher hatchability was 
recorded in T3 (3:2ml) of coconut water and saline solution at 
(92.4%) and lower was experienced in T1the control at (80.0%) 
Specific growth rate was higher in T3 (5.30000±0.360555a) than in 
T4 with mean growth being (4.36667±0.202759b). Higher survival 
was achieved in both T2 (72.5667±5.88907a) and T6 
(72.1667±6.36614a) and lower in T4 (62.6333±3.41874a) during 
the period of the study at fingerling stage. In addition, the cost of 
using coconut water and saline was also compared.

Keywords:
coconut water,
saline ,fecundity
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homogenate but also as a preservative for the milt. (Orji et al. 1997) reported that the success of induced 
spawning is as a result of the application of saline solution. Saline solution has been used for storing and 
preserving animal cells. The quantity or rate of application differs among researchers (Adebayo and 
Popoola, 2008).  The quantity of saline mixed with milt before it is used to fertilized stripped eggs is 
suspected to have an effect on the fertilization rate, hatchability rate and survival rate of the eggs 
(Okunsebor  et al.,  2014). Coconut water is rich in low levels of fat, carbohydrates, and electrolytes such 
as potassium, sodium, calcium, and magnesium (Saat et al., 2002). The concentrations of these 
electrolytes in coconut water produce an osmotic pressure which is similar to that observed in blood 
(Fernandes et al., 2000). Coconut water also contains B vitamins which are required as co-enzymes for 
enzymatic reactions for cellular function (Depeint et al., 2006). Coconuts are of different sizes and 
varieties among which are: Malayan green dwarf, Malayan yellow dwarf, Malayan orange dwarf, West 
African tall coconut and the hybrid varieties (Odewale et al., 2013). Coconut fruits are said to be mature 
when they are 12 months and above, while the ones between 6 and 8 months are considered immature 
coconut fruits. The use of coconut water in aquaculture is gradually gaining attention as observed in 
Nwachi and Yuzine, 2015, who used coconut water in the hypophysation of C. gariepinus. Coconut water 
was also realised to contain sugars such as: sucrose, glucose and fructose however, saline solution was 
discovered to contain no sugar, protein, and other parameters found in the coconut water. The pH value of 
mature coconut water was also observed to be relatively similar to that of saline solution.(Akanmu and 
Ipinmoroti et al., 2019). The objectives of this study are to evaluate the efficacy of using different dilutions 
of saline water and coconut water in reproductive performance of C. gariepinus as well as the growth of 
hatchlings under hatchery conditions.

MATERIALS AND METHOD
Experimental sites

The Farm is located within Latitude 8.997o and Longitude 7.599o with an Altitude of 388.3 meters 
above sea level.

Treatm ent T2(coconut water 2.5ml and saline solution 2.5ml).

A Completely Random Design (CRD) was used for this experiment in which six (6) spawning trials 
was carried out with three replicates each. The six treatments were based on the different volumes of 
Coconut water and saline solution used, different ratio of saline solution and coconut water 
represented as T1, T2, T3, T4, T5, T6 respectively and each treatment has three replicates with 
stocking density of 30 pieces of fry. The respective volumes of different ratio of coconut water and 
saline solution in millimeters that was used are as follows:

Treatment T5(coconut water 5:0 mil only)

Fertilization and incubation
In each incubation tank of six twenty-five liter filled with clean and well-oxygenated water, free of 

The study was conducted at a fish farm hatchery located at Gidan mangoro, by Loyola Jesuit College, 
Karu-Karshi Express Road, FCT, Abuja. The FCT covers an area of approximately 7315 square km 
having a population of 3,564,126 (2016 estimates) in the north central part of Nigeria between 
latitude 8º25' N and 9º 25' and longitudes 6º 45' and 7º 45' E (National Population commission (NPC), 
2006). 

Experimental design

Treatment T3 (coconut water 2ml saline solution 3ml)

Treatment T1(control without saline and coconut water)

Treatment T4(coconut water 3ml saline solution 2ml)

Treatment T6(saline solution 5:0 mil only)
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Water quality parameters such as dissolved Oxygen; pH and temperature required for growth and 
other biological processes was monitored weekly.

Data Analysis

Water Quality Parameters

plankton organisms, the fertilized eggs were placed on the spawning net (Kakaban) (Delince et al., 
1987). After 10 hours of fertilization, the dead eggs were observed to be white and opaque in 
appearance. As soon as the fertilized eggs were spread across the spawning net (kakaban) inside the 
incubation tanks, the incubation period began. All treatments undergo an incubation period of 20-24 
hours during the experiment. Hatching started after 24 hours of incubation during the investigation 
and lasted for 2-3 hours, after which the kakaban were removed with the unhatched eggs. The broken 
fry shells and dead unfertilized eggs were siphoned out of the incubation tank, then flow-through 
system was run to refresh the water completely.

Dissolved Oxygen (DO) was determined directly by using DO meter and temperature was 
determined weekly using mercury in-glass thermometer and reading will be recorded.

The study revealed that matured coconut water might be a good substitute for saline solution in 
breeding of C. gariepinus at same dilution ratio of  2.5ml each. It was also discovered that mixing 
mature coconut water with saline solution at ratio 2.5ml each enhanced better fertilization, 
hatchability and hatchlings survival rate of C. gariepinus.

RESULTS AND DISCUSSION

CONCLUSION AND RECOMMENDATION

Survival rate of the fingerlings was recorded higher in T2 same dilution ratio of coconut water and 
saline solution 2.5ml each at (72.5667±5.88907 a) and T6 with 5ml of saline solution only at 
(72.1667±6.36614 a) when compared to T4 with different dilution ratio of coconut water and saline 
solution at 2:3ml which is similar to the findings of Dokuboba et al. (2018) who reported low survival 
rate in the hatchlings of C. gariepinus produced using physiological solutions of different 
concentrations. The results of water quality parameters monitored during the study revealed that the 
values obtained in each water quality parameters monitored were in the optimum range for fish 
production as reported by Boyd (1998). 

Data obtained from fertilization, hatchability, survival, growth, water quality parameters, of the 
treated bowl and the control was subjected to statistical analysis. One way analysis of variance (one 
way ANOVA) was used. The difference between the means was determined using Least Significant 
Difference (LSD) at 95% while means was compared for significant differences (p<0.05).

Highest hatchability was recorded in T3 treated with different dilution of coconut water and saline 
solution 3:2ml at (92.40%) this agrees with the findings of Rasowoet al. (2007) who reported that 
physiological saline solution provides a conducive environment for egg hatching. In addition, it has 
been reported that both freshwater and brackish water fish species possess hatching enzymes with salt-
dependent characteristics (Kawaguchi, 2013).

The highest fertility and hatchability percentages recorded in T2 the fertilized eggs mixed with 
coconut water and saline solution at the same dilution ratio of 2.5ml each at (98%)  is in agreement 
with the results of Muchlisin et al., (2010) who reported coconut water at dilution level of 1:20 as best 
extender for C. gariepinus spermatozoa. The better results recorded in treatment T2 with same 
dilution ratio of 2.5ml each of both coconut water and saline solution is among the natural extenders 
could be attributed to the fact that extender is a buffer solution which contains inorganic compounds 
that determine the longevity, success, or failure of spermatozoa (Omitogunet al., 2012). 
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Primers are fundamental tools in gene expression studies, especially in fishery molecular biology 
(Maduna et al., 2020), where precise genetic analysis is essential for understanding species biology, 
population dynamics, and conservation needs. These short nucleotide sequences (Primers) initiate 
DNA synthesis during Polymerase Chain Reaction (PCR), which is crucial for amplifying specific 
regions of interest in a gene (Karunanathie et al., 2022). The accuracy and effectiveness of PCR-based 
gene expression studies depend heavily on the careful design and selection of primers, which directly 
influence amplification, ensuring specificity and fidelity in detecting gene expression levels (Blay et al., 
2022). Accurately targeting gene regions is pivotal for generating reliable genetic data to inform critical 
ecological and evolutionary insights.

INTRODUCTION

In the context of fishery research, primers are frequently designed to amplify critical genes involved in 
physiological responses, such as those encoding innate immune-related proteins or metabolic enzymes. 
These genes provide valuable information for understanding how fish populations adapt to 
environmental changes, pathogens, or aquaculture practices. However, given the genetic variability 
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The current study delves into the significance of primer selection in 
the PCR and sequencing of the TNF-a gene in two tilapia species, 
focusing on the physiological features indicated in specific gene areas. 
Fish samples were obtained from the Badore Jetty, Lagos, Nigeria, 
with specific coordinates provided. The research involved RNA 
extraction, cDNA synthesis, and PCR amplification, followed by 
sequencing using two sets of specific primers. The amplified 
products were analysed using agarose gel electrophoresis, and the 
specificity of the primers was verified through Sanger sequencing. 
The findings revealed that both TNFa-1 and TNFa-2 primers 
effectively amplified and expressed the target gene of interest, 
resulting in amplicons of 160 bp and 565 bp, respectively. Notably, 
TNFa-2, targeting the more extended gene region, provided a more 
comprehensive nucleotide sequence offering a greater depth of 
expression information than TNFa-1. The study underscores the 
critical role of primer selection in conducting precise and insightful 
gene expression studies within fishery science. The implications of 
these results are significant, as they extend to applications in fishery 
genetics research, aquaculture, and species conservation, highlighting 
the pivotal importance of accurate primer selection in advancing 
molecular biology investigations within fish populations.

ABSTRACT

Keywords:
Gene expression,
Primers, TNF-a, 
Tilapia, PCR,
Sanger sequencing,
Fishery molecular biology.
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The selection of fish species, especially tilapia and the sampling sites: Adore Jetty geographical coordinates 
include the following: latitude 06° 3023.1" N and Longitude 003°3415.8" E) is based on some factors that 
surround aquaculture. Correctly identifying the captured tilapia species was crucial for the subsequent 
molecular analyses. This identification was made by using morphometric characters, which helped in 
accurate identification at the time of capture by fishermen during this research. 

The prepared samples were immediately placed in a freezer at -20 °C to prevent degradation of the 
molecules in the samples through enzymatic and chemical reactions. This strict storage protocol was 
followed to preserve the RNA integrity, which is crucial in molecular biology.

RNA extraction, quantification, and cDNA synthesis

The emergence of next-generation sequencing (NGS) technologies has heightened the importance of 
precise primer design in gene expression studies in Fishery research (Rather et al., 2023). Even slight 
mismatches in primer sequences can introduce biases, leading to inaccurate quantification of gene 
expression levels, especially when dealing with complex or mixed-species samples (Bruce et al., 2021). 
This study aims to investigate the impact of primer design on the accuracy and reliability of gene 
expression analysis in fishery molecular biology. By optimizing primer selection, researchers can ensure 
the amplification of specific target gene regions having important information, leading to more 
accurate assessments of gene expression and ultimately advancing the understanding of fish 
populations and their ecological roles.

MATERIALS AND METHODS
Sample collection, identification, and storage

RNA extraction was done using the JENA mini kit by following the instructions in the manufacturer's 
book from Jena Bioscience, Germany. The quality of the extracted RNA was determined from the 
absorbance spectra obtained from a NanoDrop 2000 UV spectrophotometer (Thermo Fischer 
Scientific, Waltham MA, USA) by calculating the absorbance ratio at 260 nm to that at 280 nm 
wavelengths. To make cDNA, Reverse Transcription Polymerase Chain Reaction (RT-PCR) was 
conducted with FireScript RT cDNA synthesis kits, a product of FIREScript®, Estonia, and prepared 
per the standard protocols provided by the manufacturers. The reaction utilized oligo-dT primers and 
adhered to the following thermal profile: The reverse transcription step was done at 65 °C for 5 min, 
annealing of the primers at 25 ̊ C for 10 min, and the inactivation of the reverse transcriptase enzyme 
at 85 °C for 5 min.

In the laboratory, the researchers quickly took approximately 1 g fillet tissue samples from each of the 
identified tilapias, as earlier reported by Joseph et al. (2023). Some of these samples were immediately 
plunged into 1 ml RNA Later buffer within 2 ml Eppendorf tubes for future RNA analysis. This methodical 
approach ensures the preservation of RNA integrity, which is crucial for reliable molecular investigations.

across species, the primer design must be optimized to ensure specificity and avoid off-target 
amplification while targeting significant regions with comprehensive genetic information about a 
particular gene (Cermakova et al., 2023). For example, primers designed to amplify a shorter gene 
region might not have reasonable information about a gene study; also, nuclear or mitochondrial genes 
are essential for tracking species-specific gene expression patterns and detecting variations that may 
indicate a physiological feature in fish species.
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Table 1   Oligonucleotide primers used in experiments
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Name Nucleotide sequence (5′→3′)                              Base pair

GAPDH-F
GAPDH-R

GCCCTCTGGTAAAATGTGGA                               450
ATTCCCTTCATGGGTCCTTC

TNF α1 - F

TNF α1 - R

TNF α2 - F

TNF α2 - R

GTCGTCGCTATTCCCGCAGATCA     875 
GGTTAGTTGAGAAGAAATCACCTGCA

CAGGATCTGGCGCTACTCAG                               180           
TAGCTGGTTGGTTTCCGTCC

The primer set detailed in Table 1 was utilized to amplify the TNF-a genes of the two primers from the 
quantified cDNA. The thermal cycling conditions consisted of an initial denaturation step at 94 °C for 
2 minutes, followed by 25 cycles comprising denaturation at 94 °C for 30 seconds, annealing at 57 °C 
for 30 seconds, and extension at 72 °C for 30 seconds.

This thorough sequencing protocol guarantees the reliability of the sequences obtained. The FASTA 
sequences underwent extensive bioinformatics analysis to identify potential variants and relevant 
genetic information related to the amplified TNF-a gene. This robust approach facilitates a reliable 
evaluation of TNF-a amplification and preserves the sequences' accuracy and integrity for subsequent 
bioinformatics assessments.

The housekeeping gene used to quantify cDNA was Glyceraldehyde-3-Phosphate Dehydrogenase 
(GAPDH), with the primer sequence shown in Table 1.0. The amplification process started with an 
initial denaturation at 94 °C for 2 minutes. It was further proceeded by 30 cycles of denaturation at 94 
°C for 30 seconds, annealing at 54 °C for 30 seconds, and extension at 72°C for 30 seconds.

Tumor necrosis factor gene amplification and Sequencing

After amplification, the PCR products were resolved and visualized on a 2% agarose gel. The bands, 
stained with ethidium bromide, were quantified using a UV transilluminator (Kodak E3000). Sanger 
sequencing—recognized as the gold standard in DNA sequencing—was employed to ensure high 
accuracy. The resulting sequences were exported in FASTA format for further bioinformatics analysis.

The RNA extraction from the above identified species gave good concentration above the optimum 
concentration of 10 ng/µl with a A260/A280 ratio greater than 1.8 indicating the quality of RNA 
required for further analysis (Ruiz-Ojeda, 2020). PCR amplification of the synthesized cDNA and 
subsequent gel electrophoresis on 2% agarose gel further suggests the quality of syn5hesized cDNA, gel 
reveals bands of GAPDH presented in lane 1-9. 

RESULTS AND DISCUSSION

Along with other fish species, 54 tilapia species were collected by fishermen during the sampling time. 
Sarotherodon melanotheron and Coptodon guineensis were identified and consequently chosen for 
further studies. These species have ecological significance and are frequently used as model organisms 
in studies of fishery molecular biology because of their genetic diversity and adaptive characteristics 
(Lalèyè et al., 2021). They establish the fact that the biodiversity of the sampled areas is diverse, and 
call for further molecular studies in order to unravel more of the genetic factors that underpin such 
living organisms' capability to adapt.
RNA Extraction, Quantification, and cDNA Synthesis

Distribution of Fish Species in Sampled Regions

The absence of non-specific bands or primer dimers underscores the high fidelity of the synthesis 
process. These results are in concordance with routine practices in molecular biology where RNA 
purity and integrity of cDNA synthesis are cardinal steps in gene expression analysis. GAPDH 
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amplicons provided further evidence for the reproducibility of the method and its applicability for 
further steps, including target gene amplification and sequencing (Kuzan et al., 2023).

Figure 1. Agarose Gel Electrophoresis of Quantified cDNA Samples.

Consequently, two regions of interest of TNF-a gene were successfully amplified from cDNA of 
interested tilapia species in this study and these were 150 bp and 875 bp as determined by DNA ladder 
makers in PCR gel (Figures 2 and 3) confirming Joseph et al. (2023). The appearance of only distinct 
bands in all the PCR products affirm the specificity of the chosen primers in line with Ye et al. (2012); 
hence, they do not amplify non-specified DNA sequences or form primer-dimers confirming 
Karunanathie et al. (2022). 
These results further confirms the stable expression of TNF-a gene in all Sarotherodon melanotheron 
and Coptodon guineensis tested, which may support the TNF-a gene as a candidate biomarker for 
stress or immune response investigation(Xiong et al., 2012).

Tumour necrosis factor gene amplification and Sequencing

 Figure 2. Agarose Gel Electrophoresis of TNFa-1 primers Amplicons Samples.

 Figure 3. Agarose Gel Electrophoresis of TNFa-2 Amplicons.

High-quality chromatograms were produced by sequencing TNF-a amplicons with forward primers; 
TNFa-1 and TNFa-2 generated FASTA sequences of 160 and 565 base pairs, respectively. The sequences 
were analyzed using BLAST against the NCBI database as stipulated by De Cario et al. (2022) revealing 
notable variations in sequence length and targeted regions (Tables 2 and 3). These variations demonstrate 
the importance of primer design in obtaining particular genetic information of same gene of interest and 
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illustrate the elaborate nature of tilapia species gene expression research. The observed variances highlight 
the significance of precise primer design in molecular biology research and may be explained by species-
specific genetic diversity or changes in primer-binding sites (Zha ng et al., 2020).

Table 2: A typical NCBI Hit Table for TNFa-1 Primer used for Sanger Sequencing
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S/n Scientific Name Accession Query 
Cover

E value Per. 
ident

Acc. 
Len

1 Oreochromis aureus XM_031754288.2 90% 2E-63 98.61 1287

2 Cyprinus carpio JF957372.1 90% 2E-63 98.61 352
3 Astatotilapia calliptera XM_026183917.1 90% 1E-61 97.92 1268
4 Pundamilia nyererei XM_005750958.1 90% 1E-61 97.92 1264
5 Haplochromis burtoni XM_005923630.2 90% 1E-61 97.92 1403

Table 3: A Typical NCBI Hit Table for Second TNFa-2 Primer used for Sanger Sequencing

S/n Scientific Name Accession  Query 
Cover

E 
value

Per. 
ident

Acc. 
Len     

1 Oreochromis aureus XM_031754288.2 52% 4E-96 94.51 1287
2 Oreochromis niloticus NM_001279533.1 52% 4E-96 94.51 1306
3 Simochromis diagramma XM_040030873.1 52% 9E-88 92.41 2488
4 Neolamprologus brichardi XM_006801812.2 41% 9E-88 92.41 1239
5 Astatotilapia calliptera XM_026183917.1 52% 4E-86 91.98 1268

Implications for Fishery Molecular Biology

CONCLUSION
This study underscores the pivotal role of primer design in advancing gene expression studies within 
fishery molecular biology. The successful amplification of TNF-a from tilapia samples using well-
designed primers illustrates the critical importance of targeting precise gene regions to obtain reliable 
genetic data. Primers are not only essential tools for amplifying specific gene segments, but their design 
and selection are instrumental in ensuring the accuracy and specificity of gene expression analyses.
The findings highlight that even slight variations in primer sequences, as demonstrated by the TNFa-1 
and TNFa-2 primers used in this study, can result in significant differences in the information obtained 
from gene expression profiles. TNFa-2, targeting a more extended gene segment, provided more 
comprehensive genetic data than TNFa-1, which amplified a shorter and less informative sequence. 
This variation emphasizes the need to select primers that capture extensive and biologically relevant 
gene regions, particularly in complex molecular studies like fishery biology. Moreover, the successful 
application of Sanger sequencing in this study confirmed the specificity and integrity of the amplified 
gene sequences, contributing valuable genetic resources for fishery research. Overall, this research 
offers significant contributions to fishery molecular biology by demonstrating how optimized primers 
enhance the specificity and accuracy of gene expression studies. The findings will serve as a valuable 
resource for future research, guiding the development of more effective primers for fisheries science 

The TNF-a gene was successfully amplified and sequenced, proving the validity of the experimental 
procedure for examining fish species' gene expression. In order to efficiently target particular genomic 
areas, primer optimisation is crucial, as demonstrated by the observed sequence variations. These 
kinds of results are crucial in fishery molecular biology, where genetic research informs conservation 
plans and aquaculture enhancements. The development of genetic markers to track fish health and 
resilience under environmental stressors is made possible by them, in addition to offering insights into 
the molecular basis of adaptive features.
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Genetic characterization is carried out using genetic markers. A genetic marker is a DNA sequence 
used to mark a location on a gene e.g. chromosome (Karki, 2020). Genetic markers are used for genetic 
identification of the fish species and are aimed at viability of the fish stock population (Oladimeji et al., 
2022), species improvement and fishery management for the ultimate conservation of genetic 
resources (Amoussou, 2019).  A gene is detected by analyzing identifiable DNA sequence bringing 
about the study of the inheritance of the gene at the particular location (Karki, 2020). Markers build 
the reliability to be able to see the phenotype aforehand (Hassan et al., 2021). New horizons in 
fisheries have advanced to the gene level, hence this study (Xi et al., 2014 and Martinez et al., 
2014).Therefore, this study will serve to document, educate and inform on comparative studies for 
parent stocks and progenies of Clarias gariepinus and Heterobranchus longifilis.

INTRODUCTION

Eleven samples of parent stocks and progenies of Clarias gariepinus 
and Heterobranchus longifilis were used for gene characterization 
studies after induced breeding using thirty parent stocks to produce 
first filial generation progenies. Progenies were then fed with the 
hormones 17a-methyltestosterone (MT) and 17ß-estradiol (E2) in 
two treatments for both species; while the rest were fed without the 
hormones in another treatment. Experimental duration was three 
hundred and sixty-five (365)days. Annealing temperature values 
obtained in this study  were 510C, 500 C, 480 C and 550 C; for 
which four primers CGA01, CGA02C, CGA03 and CGA05 were 
used. Microsatellite DNA further reported more observed genotype 
counts at loci 1,2,3 and 4 in the sample population in this study but at 
lower sequence repeats. This means that the progenies were 
observed to be of the same genotypes, with their parent stocks. There 
was evidence of high DNA results on all the samples used in this 
study as the DNA results showed the recommended DNA Purity 
range of 1.80 to 2.00nm. The mean range for genetic heterozygosity 
in this study stated ranges of 0.7863 to 0.839 indicating a higher 
proportion of heterozygous genotypes. Pairwise relatedness showed 
ranges of 0.070 to 0.092, useful in testing for genetic diversity in 
populations. The Hardy-Weinberg Equilibrium (HWE) in this study 
reported significant effects of the hormones on the DNA of the 
progenies. This research aimed to document the comparative studies 
for parent stocks and progenies of C. gariepinus and H. longifilis.

 ABSTRACT

Keywords:
genotyping, DNA 
Transcriptome Sequencing, 
parent stocks,
progenies,  hormones
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MATERIALS AND METHODS
The study area was New Bussa. New Bussa,  the headquarters of the Borgu Emirate and Borgu Local 
Government Area. It is located at 9°53'10``N and 4°31' 30``E coordinates (NIFFR Archives, 2023). 
Kigera Dam, a dam in Borgu Emirate was the foremost source of water for this study. Experimental fish 
were sourced from Fish Breeding and Culture Program of the National Institute for Freshwater 
Fisheries Research, Borgu Kingdom, New Bussa. Feeding with 17a-methyltestosterone and 17ß-
estradiol for C. gariepinus and H. longifilis respectively. After one week, fry progenies were transferred 
to the outdoor concrete tanks and stocked in thirty six tanks i.e. thirty fry in three tanks for treatment 
0mg/kg for C. gariepinus, H. longifilis, thirty fry in three tanks for treatment 50mg/kg for C. 
gariepinus, H. longifilis and thirty fry in three tanks for treatment 100mg/kg for C. gariepinus, H. 
longifilis. Treatments were triplicated. As the progenies grew, Ecofloat feed in varying feed sizes was 
introduced from first month till end of the experiment. After the experimental duration of 365 days, 
eleven parent stock and progeny samples were taken for gene characterization, to test for similarity in 
parent stocks and offsprings (see Table 2). Afterwards, two more samples of  parent stocks and two 
samples of progenies were also taken for DNA Transcriptome sequencing to compare the genes in both 
parent stocks and progenies and to identify them one by one (Table 3 and Table 4).  Therefore, the 
procedures carried out during gene characterization and comparison of the parent gene and progeny 
gene characterization of C. gariepinus and H. longifilis of the first generation, fed with the hormones 
17a-methyltestosterone (MT) and 17ß-estradiol (E2) and the ones fed without the hormones were as 
follows: Primer Digestion and PCR: Four Microsatellite primers (Cga01, Cga02, Cga03 and Cga05) 
(Ogbuebunu et al., 2021), as isolated by Ola-Oladimeji, (2021) for catfish were used. They were 
digested, vortexed and their annealing temperature ascertained using a Tm calculator (version 1.16.5). 
Polymerase chain reaction (PCR) amplification (FIREPol®): The extracted DNA was amplified using 
a PCR machine (GeneAmp® 9700) following standard procedures of FIREPol Gel Electrophoresis 
and Ethidium Bromide Staining:Gel Electrophoresis (BIO-RAD®) was conducted on 2% Agarose gel 
at 100 volts and 250 MA for 20 to 60 minutes. Furthermore, the polymorphic bands were scored by 
comparison to a 100 bp standard DNA ladder with the aid of gel analyzer according to Ola-Oladimeji  
(2021). Quantitative Real-Time (Qrt)-PCR Analysis to collect gene bank data:A gene called a-tubulin 
was used (Zhang et al., 2020). The Qrt-PCR reaction system contained 12.5 µL of SYBR green (Takara 
Dalian, China), 1 µL of gene specific primer RT-PCR and RACE (1.0 µM), 1 µL of CDNA, 8.5 µL of 
DEPC water. DNA Transcriptome Sequencing: Transcriptome sequencing was achieved by obtaining 
the concentration of sample (molecules/µL) using QuantifluorTM- ST fluorimeter, while the titration 
of emPCR (emulsion PCR) was done with GS FLX Titanium SV em PCR kit (Lib-L), which is used for 
transcriptome analysis in fish (Qian et al., 2014;  Finotello and Camillo, 2014). Gene Identification 
comparison: Gene identification was done using the BLAST search program. DNA of the parent stock 
fish samples selected (PC2 , PH3 ) were isolated using RNeasy mini kit and subjected to reverse 
transcription experiment using PrimeScriptTM. Eleven (11) random samples (CMT50, CMT100, 
CE501, CE1001, HMT1001, HE501, HE1001, PC1, PH1, CMT0, HE0) of blood and fins collected 
for the brood parent stocks, and for the progenies of Clarias gariepinus and Heterobranchus longifilis 
in this study had their results compared after laboratory analysis of gene characterization had been 
carried out. Four extra samples (2 parent stocks and 2 progenies-PC2, PH3, CMT502,) were also 
collected and their ovaries and testes extracted for gene identification comparison. Experimental 
design: Experimental design was the Super-factorial design. Data analyses: Data collected were 
subjected to statistical analysis using a one-way analysis of variance (ANOVA) (Shweta and Mishra, 
2022).  T-test was used to compare growth in the culture systems and between the species, in all the 
treatments under study (Ziliak, 2019). Duncan Multiple Range Test (DMRT) was used for mean 
separation and the differences were determined at level of significance (p< 0.05) (Nwachi et al., 
2020); alongside the use of Microsoft Office Excel 2023 and IBM SPSS statistics software Version 
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Table 1:   Characteristics of the microsatellite markers used in this study.

 RESULTS

Locus Repeat array Forward and Reverse Primer 
sequence (5’- 3’ and 3’-5’)

Annealing 
temperature 
(°C)

Gene 
bank 
accession 
number

Cga01 (GT)15 GGCTAAAAGAACCCTGTCTG 
TACAGCGTCGATAAGCCAGG

51 U30862

Cga02 (GT)10N2(GT)8 GCTAGTGTGAACGCAAGGC 
ACCTCTGAGATAAAACACAGC

50 U30863

Cga03 (GT)21 CACTTCTTACATTTGTGCCC 
ACCTGTATTGATTTCTTGCC

48 U30864

Cga05 (GT)11N2(GT)2 TCCACATTAAGGACAACCACCG 
TTTGCAGTTCACGACTGCCG

55 U30866

G – Guanine, C- Cytosine, T-Thymine, A- Adenine, (Tm) -melting temperature 

Table 2:  DNA Concentration and Purity measured at absorbance ratio of 260/280 nm (nanodrop 
ND -1000) using Gel Electrophoresis via UV Spectrophotometric method.

S/N Sample ID DNA 
Concentration 
(ng/µl)

DNA Purity 
measured at 
260/280 nm

1 CMT50 62.98 2.00
2 CMT100 102.62 1.86
3 CE50 83.82 2.00
4 CE100 140.49 1.81
5 HE50 59.50 1.89
6 HE100 96.13 1.99
7 HMT100 74.42 1.92
8 PH1 139.07 2.00
9 PC1 78.17 2.00
10 CMT0 102.11 1.93
11 HE0 68.20 2.00

nm- nanometer, ng/ul – nanogram per microlitre 

CMT50 - Clarias gariepinus progenies in the 50mg/kg-1  17a- methyltestosterone treatments. 

HE100 - Heterobranchus longifilis progenies in the 100mg/kg-1 17ß-estradiol treatments.
PH1 - Heterobranchus longifilis parent stocks in the control treatments. 

CE100 - Clarias gariepinus progenies in the 100mg/kg-1 17ß-estradiol treatments.
HE50 - Heterobranchus longifilis progenies in the 50mg/kg-117ß-estradiol treatments.

CE50 - Clarias gariepinus progenies in the 50mg/kg-117ß-estradiol treatments.
CMT100 - Clarias gariepinus progenies in the 100mg/kg-1 17a- methyltestosterone treatments.

2020 (Ola-Oladimeji, 2021) for detailed computational analysis. Data was further, subjected to 
analysis for regression (Ojuwoni et al., 2019). Data generated from gene characterization was analysed 
using Microsatellite DNA derived from transcriptome sequencing (Finotello and Camillo, 2014; Qian 
et al., 2014); while analysis of molecular variance (AMOVA) was used to detect population 
differentiation using molecular markers (Jorge et al., 2018).

261



Fig. 1: Gel Electrophoresis  image of Primer CGA01 the Gel Analyzer using 100 bp standard ladder. 
Fig. 2: Gel Electrophoresis image of Primer CGA02 from the Gel Analyzer using 100 bp standard ladder.
Fig. 3: Gel Electrophoresis image of Primer CGA03 from the Gel Analyzer using 100 bp standard ladder.
Fig. 4: Gel Electrophoresis image of Primer CGA05 from the Gel Analyzer using 100 bp standard ladder.

Table 3: Transcriptome sequence of identified genes for Clarias gariepinus and Heterobranchus longifilis 
parent stocks and their progenies treated with and without the hormone 17a- methyltestosterone
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Fig. 1 Fig. 2

Fig. 3 Fig. 4

Gene Forward and Reverse Primer sequence 
(5’- 3’ and 3’-5’)

Gene bank ID

Dmrt1 GAAGCACGAGGCCGCGCAGAG
GTTGGTATACTCTCTGAGACTT

Unigene51662

dmrt1a ATGCCGAAGTGCTCCCGGTGCs
AGCGGCTCCCAGAGGCAGC

FJ596554

dmrt1b AAGGATGAGCACCAGGGGACA
TTACTTAGCCAGCTCCCTCTAT

FJ596555

dmrt1c CCAGGGCCAGGTGGCTCTGCG
TTACTTAGCAGCTCCTCTAT

FJ596556

  
G – Guanine, C- Cytosine, T-Thymine, A- Adenine

HE0 – Heterobranchus longifilis progenies in the control treatments.

PC1 - Clarias gariepinus parent stocks in the control treatments.
CMT0 - Clarias gariepinus progenies in the control treatments. 
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Table 4:   Transcriptome sequence of identified genes for Clarias gariepinus and Heterobranchus 
longifilis parent stocks and their progenies treated with and without the hormone 17ß-estradiol (E2).  

Gene Forward and Reverse Primer sequence 
(5’- 3’ and 3’-5’)

Gene bank ID

dmc1 CTCCACCACCAGGATCAGTT
CCGGTAGAGATGGCAAATGT

XM_003961352

ckd2 CGTCGCTAGCCAAGCAATCA
ATCTCGGATGGCAGTGCT

XM_003973094

ckd4 GGTCACCAGCGGAGGACAGATC
ACAGCGTCACCACCACAGAGG

XM_003973099

cdk6 GCAGTCCAGTTACGCCACACC
CCTCCTCTGAAGGCAAGCCAATG

XM_003969394 

ccna2 ACAAGCCAGCCACTGTGAATGAG
TCCAACCTCCACCAGCCAGTC

XM_011610984

ccnd2 GAGCGTCGATGTCGTCAAGAGTAG
CCGCACGGAAATCGCAGTATAGC

XM_003972778

cdkn1b ATGCATGGCATAAGGCGTCC
TCGGGCTCCCGTTTGATATAGT

XM_003967486

cdkn2c GGGTCGACGTCAAAGGGAAC
AGGTATTGGACCGTGTCCGT

XR_965382

There was no heterozgote deficiency (FIS) (HWE deficiency (p<0.001)) noticed at any of the loci in 
the sampled population which was New Bussa, Niger state of Nigeria. Gene characterization and 
genetic variability analysis showed different transcriptomic responses for these fishes fed with 17a- 
methyltestosterone (MT). Also, transcripts of three different forms of dmrt1 were seen. They were:  
dmrt1a, dmrt1b and dmrt1c. These transcripts were revealed using PCR amplification with 
microsatellite primers. For C. gariepinus and H. longifilis administered with 17�-estradiol (E2)  in 
varying inclusion levels of 0mg/kg, 50mg/kg and 100mg/kg respectively, according to the motif and 
gene functionality after DNA extractions, amplification performed by polymerase chain reaction 
(PCR) showed the presence of the following genes: dmc1, ckd2, ckd4, cdk6, ccna2, ccnd2, cdkn1b and 
cdkn2c.

G – Guanine, C- Cytosine, T-Thymine, A- Adenine
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INTRODUCTION
The entire aquarium industry, including ornamental fish, aquarium accessories, aquarium fish feed, 
aquarium construction and public aquariums is estimated to be worth more than the US $20 billion 
annually with much contribution in the export trade by South East Asia (Pal, 2015; Yadav and Sharma, 
2017; Alum-Udensi and Orji, 2019). Freshwater tropical aquarium fishes are of great economic 
importance due to their attractive colour, shape, finnage, and behavior (Mekdaeng, 2015; Alum-
Udensi et al., 2019a; Bardhan et al, 2021). Sex reversal in fish can occur as a result of disturbances in 
natural conditions or laboratory manipulations (Smith, 2005). 
The maintenance and breeding of male populations have generated a great amount of interest in 
commercial ornamental fish production (Singh et al., 2019). Different method such as manual sorting, 
hybridization hormonal sex reversal and super male production has been applied to monosex 
population (Soumokil et al., 2020) These techniques have been applied to some fish species exhibiting 
sexual dimorphism with preference of male to females including guppy (Poecilia  reticulata), balloon 
molly (P. latipinna), sailfin molly, (P. velifera), sunset platy (Xiphophorus  variatus), dwarf gourami 
(Colisa lalia), fighting fish (Betta splendens), rosy barb (Barbus conchonius), Convict cichlid 
(Cichlasoma  nigrofasciatum), and  red Australian rainbow, (Glossolepis  incisus) Muniasamy,  et al., 
(2019). The male of these species may command up to four times the price of females encouraging the 
culture of all-male monosex populations with significant economic advantage (Mousavi-Sabet 2011). 
Manual sorting was the first method to be used in the early days as it required little or no technology 
besides simple sort, cull and discard the unwanted sex. This method is wasteful, inefficient (Hafeez-
ur-Rehman et al., 2008), stressful to fish, results in relatively high mortality (Dunham, 2004), requires 
experienced labour and the fish must be grown to size of sexual dimorphism before commencement of 
manual sorting. Hybridization has also been used to produce monosex populations (Bartley et al., 

The effects of different levels of testosterone propionate 
administered by inclusion in feed on growth, survival and sex-ratio of 
Betta splenden was studied. Four (4) treatments of experimental 
diets and a control with 3 replicates for each was set up and the 
hormone was administered to the fry from day 2 for a period of 8 
weeks. The results indicated that synthetic androgen testosterone 
propionate administered by inclusion in feed influenced the sex in B. 
splendens. Highest percentages of males (80% and 75%) were found 
at dose 0.75 and 1.0mg/L. At a dosage of 0.25mg/L a high percentage 
of female was observed. Higher doses of the hormone showed lower 
survival compared to lower doses. The frequency of male fish in all 
the hormone treated groups except the 100mg/kg group were 
significantly higher than that of the expected frequency of male fish 
in a normal population. 

ABSTRACT

KEYWORDS:
Fish breeding; 
Ornamental fish;
Sex reversal;
Mono-sex populations
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Commercial fry feed containing 65% crude protein was procured and the hormone was incorporated at 

17a-methyltestosterone is the most preferred and widely used hormone for induction of 
masculinization in fish like Betta splendens (Amiri-Moghaddam et al., 2010; Balasubraman, 2010). 

2001; Bardhan et al., 2021). Hybridization however has some setbacks, including skewed sex ratios, 
production of infertile F1 generation (sterile offspring) and the need to maintain two separate pure 
brood lines (Mubarik et al., 2011; Bartley et al., 2001)
Hormonal sex reversal involves use of hormones to effect sex reversal in fish. The treatment of sexually 
undifferentiated fry by administration of hormones has been shown to work well in a wide range of 
species (Pandian and Kirankumar, 2003; Bardhan et al, 2021). Badura and Friedman (1998) reported 
transformation of the anatomical features/characteristic of females fish injected with testosterone to 
males expressed by changes in fin length, body coloration, and gonadal morphology. 

The Siamese fighting fish (Betta splendens) is a popular freshwater ornamental species that have been 
selectively bred to display a vibrant array of colour and tail types over the years (Alum-Udensi et al., 
2019a). The fish is sexually dimorphic with males being more brightly colored with extravagant 
finnage than females. 
We investigated the use of testosterone propionate in hormonal sex reversal by incorporating it in the 
diet of B. splendens.

MATERIALS AND METHODS
This study was carried out in the Department of Fisheries and Aquatic Resources Management, Michael 
Okpara University of Aquaculture, Umudike, Umuahia, Abia State for a period of 56 days (8 weeks). 
Three pairs of broodstock Siamese fighter were procured from Nature Nurture - an ornamental fish 
breeder in Abuja, Nigeria and transported to Umudike. Spawning was done to obtain fry. A total of 225 fry 
of B. splendens at two (2) days old was carefully collected in two transparent plastic tanks before 
separation into the various treatment and replicates. Transparent plastic tanks of (40 x 30x 40) cm each 
was set up for five (5) treatments representing experimental diets with 3 replicates for each. The tanks 
were filled with water to about 10cm, and twelve (15) B. splendens fry was transferred into each 
experimental tank for the feeding trials. The fry was fed with fry food containing various levels of 
testosterone propionate. Partial water change in the experimental tanks was carefully done once a week; 
however 1liter of fresh water was added to each tank daily after feeding. Water parameters (temperature, 
pH, nitrate, nitrite and ammonia) was monitored weekly.

Testosterone Propionate has a faster rate of release than other esterified testosterones and it is also a locally 
available steroids. Different methods have been used to administer steroids, including immersion 
(Pandian and Kirankumar, 2003, Mekdaeng, 2015) however, oral administration of feed incorporated 
with methyltestosterone is the most effective and practical method for the production of all male 
populations. Oral administration of the synthetic androgen 17a-methyltestosterone (MT) has been 
effective for all male populations in carp (Damstra et al., 2002; Mubarik et al., 2011) Bharadwaj and 
Sharma (2000) studied the effect of methyltestosterone (tablets) in sterilization and masculinization of 
common carp, C. carpio var. communis (L). Wassermann and Afonso (2003) investigated the efficacy of 
three androgens, (17a-methyltestosterone, 17a-methyl dihydrotestosterone and 17a- 
ethynyltestosterone) through immersion treatment on the sex ratio of Nile tilapia (0. niloticus) fry.  In 
undifferentiated fry, 50mg Trenbolone Acetate/ kg feed or immersion in TBA induced 100% male 
populations in both channel catfish, Ictalurus Punctatus, and blue tilapia, Oreochromis aurea (Fitzpatrick 
et al. 2000). Amiri-Moghaddam et al., (2010) used 17-a-methyltestosterone to achieve male secondary 
sexual characteristics in the adult female green swordtail (Xiphophorus hellerii). Numerous attempts has 
been made to optimize the methods of hormonal sex reversal by varying parameters such as hormone dose, 
treatment start time, duration of treatment and stocking density (Kirankumar and Pandian, 2002; 
Mubarik et al., 2011; Bardhan et al, 2021).
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Table1: Effect of testosterone propionate on B. splendens

RESULTS AND DISCUSSION

Table 1 presents the effect of testosterone propionate on the growth and survival of B. splendens was also 
studied for the four doses viz 0.25mg, 0.50mg, 0.75mg and 1.0mg and control for the control groups.  The first 
treatment 0.25mg had a mean weight of 0.032±0.41, 0.131±1.04, and 0.189±1.21 after 7days, 21day and 
8weeks respectively. The second treatment had a mean weight of 0.038± 0.72 and 0.204±0.41 after 1 week 
and 8 weeks 0f monitoring. In 1 week, treatment 3(0.75mg) showed a mean weight of 0.031±0.34 and the 
mean weight to 0.157±0.82 and 0.192±1.14 after 21days and 8weeks respectively. However the treatment 
4(1.0g) had a mean weight of 0.031±0.21 and 0.202±0.84 after 1 week and 3weeks respectively while the 
control was 0.034±0.92 after 1 week and 0.188±1.09 after 8weeks. 

The percentage survival of B. splendens after inclusion of the hormone in feed during the first 4weeks for 
each Treatment is given in figure1. The survival of B. splendens was 100% in week 1and 2 but reduced to 
80% after 8 weeks in T2 (0.25mg). The percentage survival rate was also 100% for all the treatment 
(0.25mg, 50mg, 75mg, and 100mg) in week 1. After 8weeks, the survival rates went down to 80%, 66.7%, 
and 53.3% in 0.50, 0.75, 1.00mg respectively. This change in the percentage survival was also observed in 
the control suggesting non hormone influence. The effect of testosterone propionate on sex ratio of B. 
splendens was also studied and the results were presented in Table 2. The sex ratio in the treatments 
0.25mg/L, 0.50mg/L, 0.75mg/L and 1.00mg/L were 1:0.71, 1:0.5, 1:0.25 and 1:0.22 respectively. The 
sex ratios in the control groups did not differ much (1.086) from the expected 1:1 distribution. At 
0.25mg/L, the sex reversal was not significantly different from the control and could be considered as an 
insufficient dosage. Pongthana and Tangthongpairoj (1999) reported that lower dosage of 20µgl¹ of 17a 
methyltestosterone influenced higher female sex ratio 85.43± 9.06% in three week old hatchlings of  C. 
garienpinus. Also, treatment 4(1.00mg/L) showed the lowest number of sexed fish(24). The highest 
percentage of male (80%) and lowest percentage of female 20% were observed in a dose of 0.75mg/L with 
a male to female ratio of 1:0.25. When the dose of the hormone was 0.50mg/L, the sex ratio was 0.05. The 
production of high number of males in the 0.75mg and 0.50mg is an indication of the positive impact of the 
hormone in the production of male B. splendens.

four different rates: 0(T1), 25(T2), 50(T3), 75(T4), and 100(T5) mg.kg-1. T1 served as the control 
diet without hormone to the food. 

Fry weight was determined using sensitive weighing balance to the nearest 0.1g. Mortality was counted 
and recorded; Sex of experimental fish was determined at about 2.5 cm body length by the external 
examination of the dorsal, anal, and caudal fins following Kirankumar and Pandian, (2002). Growth, 
survival and percentage weight gain were computed. Growth and survival were compared between the 
treatments using analysis of variance (ANOVA).

The stock solution of testosterone propionate was prepared in absolute ethanol at a concentration of 
1mg testosterone propionate/ml ethanol. The treatment was diluted appropriately to the finial steroid 
concentration for each treatment diet and sprayed over the powdered fry food and left open at room 
temperature for 24 hours for the ethanol to evaporate leaving behind hormone incorporated feed.

 

Weeks
TREATMENT

T1 (0.25mg/kg) T2 (0.50mg/kg) T3 (0.75mg/kg) T4 (1mg/kg) T5 (control)

Wt
(g)

Survival
(%)

Wt
(g)

Survival
%

Wt
(g)

Survival
%

Wt
(g)

Survival
%

Wt
(g)

Survival
%

2 0.032 45(100%) 0.038 45(100%) 0.031 45(100%) 0.037 45(100%) 0.034 45(100%)
4 0.084 45(100%) 0.076 42(93%) 0.087 42(93%) 0.091 45(100%) 0.088 45(100%)

6 0.131 36(80%) 0.154 36(80%) 0.157 39(86.7%) 0.177 36(80%) 0.062 39(86.7%)

8 0.189 36(80%) 0.204 36(80%) 0.192 30(66.7%) 0.207 24(53.3%) 0.188 39(86.7%)
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Table 2: Effect of testosterone propionate on the sex ratio of B. splendens.
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Treatment No of sexed 
fish

Males Females Sex ratio

.25 36 21(58.3%) 15(41.7%) 1:0.73

.50 36 24(66.7%) 12(33.3%) 1:0.5

.75 30 24(80%) 6(20.0%) 1:0.25

1.0 24 18(75%) 6(20.0%) 1:0.33

Control 39 21(53.8%) 18(46.2%) 1:0.86

Figure 1: Survival and growth of Betta splenden treated with testosterone propionate
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The use of different forms of exogenous Gonadotropin Releasing Hormone agonists (GnRHa) that are 
responsible for stimulating secretion of endogenous gonadotropins (GTH) have been reported 
(Anderson et al., 2017; Mylonas and Zohar, 2000; Zohar and Mylonas, 2001). A plethora of varieties of 
synthetic formulations containing GnRH are now available with various degrees of success in 
stimulating ovulation process in different fish species (Marimuthu et al., 2009). Ovatide is a variant of 
the analogue of salmon gonadotropin releasing hormone (sGnRHa) bundled together with a dopamine 
blocker (Anderson et al., 2013). Whereas GnRH analogs stimulates the pituitary to release 
gonadotropins and trigger the process of reproduction, the dopamine antagonist inhibits the release of 
dopamine and make sure that the secretion of gonadotropin is not inhibited. The use of Ovatide and 
other GnRHa's have been reported to induce ovulation in cyprinids (Hill et al., 2005), catfish (Sharma 

INTRODUCTION
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This study was designed to determine the effects of using serially 
diluted Ovatide® supplemented with Buserelin acetate (Suprecur®), 
a luteinizing hormone-releasing hormone analogue (LHRHa) in African 
catfish. Treatments administered include are 0.2ml/kg Ovatide® (T1), 
0.15ml/kg Ovatide® + 50ug/kg Suprecur® (T2), 0.10ml/kg Ovatide 
+ 50ug/kg Suprecur® (T3), 0.05ml/kg Ovatide® + 50ug/kg 
Suprecur® (T4) and 50ug/kg Suprecur® (T5). Egg counts, latency, 
fertilization, hatching, and survival to first feeding are determined. 
Diluted Ovatide® + Suprecur® together successfully induced 
ovulation. No significant difference (p>0.05) in egg weights stripped. 
T1, T2, and T3 resulted in earlier synchronization of ovulation (Latency 
period; 11 hours). Treatment 5 did not cause ovulation. Results of the 
fertilization percentage indicated that decrease in dose of Ovatide® via 
dilution but supplemented with Suprecur® did not significantly affect 
fertilization rate (p>0.05) in treated groups (89.91%, 93.21%, 83.84% 
and 86.02% for T1 to T4 respectively) and hatching rate (p>0.05) with 
rates of 27.24%, 38.58%, 33.91% and 29.23% for T1 to T4 respectively. 
However, hormonal administration affected survival rate to first 
feeding (p<0.05) with normal dose Ovatide® producing the best 
survival rate (86.79%). Therefore, decreased doses of Ovatide® and 
Suprecur® can yield similar reproductive success, but post-hatching 
treatment may be needed for optimal survival.
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The study was carried out at the fishery Hatchery of the Department of Fisheries and Aquaculture, 
Joseph Sarwuan Tarka University Makurdi. A total number of fifteen [15] fish comprising ten [10] 
females and five [5] males were used. All broodstock were selected following the external 
morphological characteristics using the method of Ayinla et al. (1994). The broodstock were 
acclimatized for two [2] days.
Ovatide® was acquired from J-Climax Agro Limited Ado U-turn Nasarawa State. Suprecur® a brand 
of Buserelin acetate meant for females was obtained from www.drugstore.ng #29 Ayangbure road, 
Ikorodu, Lagos State.

et al., 2010) and other species (Marimuthu et al., 2007). The objective of induced spawning is the 
acquisition of a large supply of good quality eggs on demand. Egg quality can be determined using 
fertilization and hatching rates (Marx et al., 2020; Snow and Phelps, 2020). A single dose of ovatide 
given intramuscularly to the broodstock leads to the massive ovulation of eggs through complete 
spawning with high fertilization and hatching percentage (Rashid et al., 2015). Therefore, the current 
research sought to determine latency period, fecundity, fertilization and hatching rates of Clarias 
gariepinus induced with combined hormones.

MATERIALS AND METHOD

Table 1: Dose of Hormones (Ovatide and Suprecur®) administered to female C. gariepinus

Suprecur® obtained was manufactured with a concentration of 1mg/ml of solution (Sanofi-Aventis 
2022). A stock solution containing 0.4ml (400µg) of the original Suprecur® made up to 10ml using 
normal saline (9.6ml) was made to obtain a concentration of 50µg/ml of solution. A dosage range of 10 
to 100µg of buserelin acetate per kilogram body weight of fish was recommended by Chatakondi et al. 
(2018). The current trial utilized four different dosages of Ovatide®: 0.20ml/kg, 0.15ml/kg, 
0.10ml//kg, and 0.05ml//kg. The dose of Suprecur® was fixed at 50µg/kg of bodyweight. From the 
foregoing, the following volumes were used in the dose combination in all cases:
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TREATMENT DOSES OF HORMONES

Ovatide® (ml/kg) Suprecur® (ml/kg)
T1 0.20 –
T2 0.15 1.25
T3 0.10 1.25
T4 0.05 1.25
T5 – 1.25

Injected female broodstock were removed from plastic tank after 10-12 hours and stripped in dry bowl 
by holding the fish at the head and tail by an assistant. The ovulated eggs oozed out on slight pressure by 
thumb into the dry plastic bowl and 10g of eggs were collected from each sample into a petri-dish for 
counting so as to know the total number of eggs produced from each of the female brood stock. The 
male broodstock were removed after dissecting them and the milt was collected by laceration of the 
testes with a clean razor blade. The sperm was then used to fertilize each treatment.
Incubation of the fertilized eggs was carried out in 60 litres plastic bowl containing 40 litres of clean 
water which was equipped with water aerators. Nylon mesh size (1mm) was suspended above the floor 
in the plastic bowl for spreading of fertilized eggs. The fertilized eggs were spread in a single layer on the 
suspended nylon meshed net for incubation. Upon hatching (about 24 hours after incubation), the 
nylon meshed net was removed with the egg shells while the hatched larvae clustered at the bottom of 
the incubation tank.
Fertilization rate was determined using 750 eggs from each cross. The eggs were covered in the dry, 
labelled Petri dish and were kept with labels. The number of eggs were estimated using the gravimetric 
method (number of eggs/g). The translucent eggs containing embryonic eyes at the time of polar cap 
formation 10 - 20 minutes after fertilization were considered fertilized and counted to estimate 
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fertilization rate (De Graaf et al.) . Percentage hatchability was estimated 24 hours after hatching was 
completed. This was estimated using the volumetric method. To do this, the incubation bowl was 
stirred gently to disperse the larvae evenly in the water. A beaker (100ml) was used to collect water 
from the bowl with the dispersed larvae swimming freely inside. The number of larvae in the volume of 
water was counted. This was repeated three times and the average number was taken. The value was 
then estimated to cover 40 litres water volume using mathematical relationship. The hatching rate was 
determined using a modified version of formula provided by Adebayo and Popoola (2008) as:

The survival rate of larvae was estimated four days after hatching i.e. post yolk sac absorption. The 
volumetric method was employed in determining survival rate. Here water in the holding tanks was 
stirred to ensure even dispersion of fry using a glass rod. After this, a representative sample of the water 
(100ml) was taken in a beaker and fry within the water volume were counted. This was repeated three 
times and the average was taken. The population was then estimated to cover the entire water volume 
(40,000ml). Therefore, the following equations were used:

Hatching Rate =
Total Number of Hatched Eggs

Total Number of Incubated Eggs
× 100

 
 

 

Survival rate =
A100 ×40000ml/100ml

No. hatched
×100

 

A100 =    
3

∑ No. of fry in three samples

Fecundity of female broodstock induced with a combination of Ovatide® and Suprecur® (Figure 1) shows 
that broodstock used for the 0.1ml/kg Ovatide® + 50µg/kg dose of Suprecur® (T3) had the highest 
fecundity followed closely by broodstock allotted to the 0.2ml/kg dose of Ovatide® alone (T1) while 
broodstock administered only 50µg/kg dose of Suprecur® had the least fecundity. There was an undulating 
pattern of fecundity at various hormonal treatments in the current study. This pattern was also observed by 
Sahoo et al., (2005) when they induced C. batrachus with doses of Ovatide® between 0.5 and 2.0ml/kg.

Water quality parameters such as pH, Electrical Conductivity, Total Dissolved Solids (TDS) and 
Dissolved Oxygen of the water were monitored using Hanna Multiparameter Water Quality Probe 
Model HI-98129. A mercury in glass thermometer was used to take temperature readings. Differences 
in the measured parameters across the treatments were determined using one-way ANOVA in R (R-
Core_Team, 2020). Mean separation was done using the Tukey HSD.

RESULTS AND DISCUSSION

Figure 1: Fecundity of Female Broodstock of C. gariepinus stripped under each treatment 
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Parameters that were determined to understand the effect of each dose administered (Table 2) shows 
that the weight of eggs stripped from each female for each treatment was not significantly different 
(p>0.05) and also reflective of the fecundity (Figure 1). There was no fertilization and hatching in T5. 
Fertilization rates did not differ across the treatments (p>0.05). Reports of serial dilution of Ovatide® 
have shown differences in fertilization rate with positive linear relationship according to dilution. 
According to Maradun et al. (2019), fertilization rate of Clarias sp. ranged from 0% to 93.33% 
following dilution of 100% down to 0% dilution. Latency period differed significantly (p<0.05) among 
the treatments with the least period of 11 hours being recorded for fish treated with 0.2ml//kg of 
Ovatide® alone as well as 0.15 and 0.1ml/kg Ovatide® and 50µg/kg of Suprecur®. A report on the use 
of Ovatide® to induce C. gariepinus by Shinkafi and Ilesanmi (2014) indicates that the fish were ready 
for stripping earlier than those in the current report by at most a 3-hour margin. Hatchability also did 
not differ significantly across the treatments (p>0.05). The rate of hatching of eggs produced using 
diluted Ovatide® and Suprecur® was undulating between the treatments. However, it was not 
significantly different. Shinkafi and Ilesanmi (2014) also reported an undulating pattern of 
hatchability in C. gariepinus treated with serially diluted Ovatide®. Survival at yolk sac absorption was 
significantly different among the treatments (p<0.05) with T1 having the highest survival rate of 
86.79% and T4 having the least survival rate of 52.40%. Survival rate differed according to hormonal 
treatment used to produce the fry in the current report. In a previous trial using the same species but 
with only dilution of Ovatide® without supplementation with Buserelin, Maradun et al. (2019) also 
reported the dependence of fry survival on the dose of hormone used to produce them.

Table 2: Egg and breeding parameters of C. gariepinus induced using serially diluted Ovatide® 
supplemented with Suprecur®
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Treatment Egg Wt (g)
Latency 
(Hours)

Fertilization 
(%)

Hatchability 
(%) Survival (%)

T1 144.85 ± 52.4 11.0 ± 0.0b 89.91 ± 0.99 27.24 ± 10.1 86.79 ± 6.67b

T2 128.75 ± 15.6 11.0 ± 0.0b 93.21 ± 1.90 38.58 ± 1.77 72.22 ± 1.91ab

T3 194.15 ± 56.2 11.0 ± 0.0b 83.84 ± 2.28 33.91 ± 15.2 63.59 ± 1.71ab

T4 126.75 ± 2.65 12.0 ± 0.0a 86.02 ± 2.14 29.23 ± 1.54 52.40 ± 8.90a

T5 64.22 ± 64.22 – – – –

p-value 0.465 <2.0×10-16 0.082 0.823 0.049

 Means in the same column followed by different superscripts differ significantly (p<0.05)
Water quality in the incubation tanks reveals means of pH (7.53), EC (130.6 µS/cm), TDS (63.4 
mg/l), Temperature (26.34°C), and DO (4.21 mg/l).

CONCLUSION
The commercial seed production of C. gariepinus can be achieved in captivity through induced 
breeding using diluted Ovatide® boosted with Suprecur®. However, the success rate of induced 
spawning will depend on the dose of inducement. The use of 0.15ml/kg of Ovatide® + 50ug/kg of 
Suprecur® can produce fertilization and hatching rates (93.21% and 38.58%) that is as good as 
0.2ml/kg of Ovatide® alone (89.91% and 27.24% respectively). The breeding protocol is simple and 
can be adopted by small scale hatcheries. Possibility of diluting Ovatide® and supplementing with 
Suprecur® can be helpful in increasing availability of commercial seed required by the expanding 
catfish aquaculture industry.
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INTRODUCTION 

However, the choice of candidate shrimp species for culture depends on well-defined characteristics 
such as high economic value and high market demand, ease of culture, and fast growth. Of the penaeid 
shrimp in Nigerian waters, the Asia tiger prawn, P. monodon and the pink shrimp, F. notialis satisfy the 
conditions of culturable species (Anyanwu et al., 2011). Tail weight is a major trait for selection of 
shrimp because it is the main marketing component in the industry. The tail weight is a measure used in 
the shrimp processing industry to estimate the meatiness or yield of the individual or population. It is 
the ratio of the weight of the tail meat to the total weight of the whole shrimp. The phenotypic and 
genetic correlation of tail weight to body weight is very high (Chandra et al., 1997). According to 

The idea of culturing shrimp is relatively new in Nigeria, being born out of the evidence that it may be 
difficult to increase sustainably the shrimp catches from Nigerian coastal waters due to the collapse of 
the pink shrimp fishery in 1990s from over-exploitation, water pollution, habitat degradation, and 
poor management. (Ansa, 2009; Ansa et al., 2010; Zabbey et al., 2010). The collapse of pink shrimp 
(Farfentepenaeus notialis) fishery coincided with the appearance of the invasive Asia tiger prawn, 
Penaeus monodon in Nigerian Coastal waters (Zabbey et al., 2010). P. monodon has since become a 
major commercial species as the population and size of F. notialis continue to decrease. Attention has, 
therefore, been directed towards the development of shrimp culture as a means to increase shrimp 
production in the country. This shift towards shrimp aquaculture as an alternative to supply from wild 
capture in Nigeria is, therefore, a significant development that could open up opportunities for 
investors and it has the potentials of creating jobs. 

 ABSTRACT 
Among the principal traits for consideration by investors in prawn 
production is the tail weight. In this study we assessed the tail weight 
of the two candidate aquaculture species in the coastal waters of 
Nigeria. We compare the percentage of the total body weight of 
Penaeus monodon and Farfentepenaeus notialis that were available for 
consumption. A total of 257 individuals of P. monodon and F. notialis 
were obtained from three locations – New Calabar River, Andoni 
River System and Bille Creek in the Niger Delta Area of Rivers State. 
The total body weight and tail weight (weight of abdomen severed 
along the carapace posterior) of each individual were subjected to 
analysis. The tail weight was 64 – 67% and 58 – 65% in P. monodon 
and F. notialis, respectively of the body weight. The tail weight of 
female F. notialis was meatier than in males which suggest the 
profitability of monosex culture. There was strong positive 
correlation between body weight and tail weight, implying that 
selection for body weight will profoundly influence tail weight. 

Keywords:
Tail weight, Penaeus
monodon, Farfentepenaeus 
notialis, Niger Delta,
selective breeding
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MATERIALS AND METHODS 

The study was carried out in three locations in the Niger Delta axis of River State namely; New Calabar 
River, Andoni River system, and Bille Creek. The New Calabar River is located between longitude 
7060'E and latitude 5045'N in the coastal area of the Niger Delta (Dienye and Woke, 2015). The 
Andoni River is located between latitudes 4028' to 4045'N and longitudes 7045'E in the coastal region 
of the Niger Delta (Komi and Sikoki, 2013). The Bille Creek is tributary of the Sombriero River 
located between latitude 4036'0” N and longitude 6055'60” E (Wikepedia, 2020).

The production of P. monodon has already commenced in Badagry by Atlantic shrimpers Limited. 
Despite the importance of pink shrimp as native species, baseline studies on important economic traits 
are either lacking or inadequate, particularly those relating metric traits. The objective of this research 
was to determine the yield characteristics (shell-in tail weight) of two candidate aquaculture species, P. 
monodon and F. notialis in the coastal waters of Nigeria. The result will guide potential investors and 
farmers in the choice of species for farming. The study will provide fresh insight on the potential yield 
and efficiency of culturing each species. 

Laboratory Procedures 

The total body weight and tail weight of each individual were obtained using a weighing scale (0.01g). 
The tail weight (TW) refers to weight of abdomen severed along the carapace posterior. 

The software “Past326b” was used to obtain the means, standard error, linear regression between the 
total body weight and tail weight as well as the coefficient of correlation (R2), which was used to 
determine the degree of relationships that exist between the total body weight and tail weight. 

RESULTS AND DISCUSSION

Study area 

Penaeus monodon and Farfantepenaeus notialis were collected from local fishermen fishing with cast 
net (from January – July, 2023). The samples were transported in ice box to the laboratories where 
they were identified and sorted using appropriate keys (Powell, 1982). 

Sample collection 

Chandra et al. (1997) tail weight is highly variable, implying that it can be exploited through selection. 
Producers are interested in processing characteristics, such as fillet yield, amount of tail meat, or 
percentage of edible muscle in relation to body weight of aquaculture species (Thompson et al., 2004). 
The low tail yield, for example, in freshwater prawns such as Macrobachium species which ranges from 
28 to 51 % only (Lin and Boonyaratpalin 1988) makes their culture disadvantageous. 

Data handling and Analysis 

Each individual of P. monodon and F. notialis were sexed. The petasma in the first pleopod was used to 
identify the males, while the thelycum in between the fourth and fifth pereopods in females. They 
were then preserved in 96% alcohol. 

The tail weight as percentage of the body weight was derived using this formula: 

Total body weight – Tail weight relationship 
A total of 257 specimens of penaeid shrimps (Penaeus monodon and Farfantepenaeus notialis) were 
obtained from three different locations. However, no specimen of P. monodon was collected from Bille 
Creek. This may be due to low salinity and inability of the invasive species to adapt to prevailing 
conditions in the Creek. The correlation and coefficient of determination between total body weight 
and tail weight of P. monodon and F. notialis are shown in Table 1. In both species the correlation 
(0.7576 - 99183) and coefficient of determination (0.574 - 98372) were high. The result showed that 
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Total weight of whole shrimp

Weight of tail
x 100
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both species displayed positive linear relationship for the sexes.

Table 1: Total body weight and tail weight relationship of Penaeus monodon and Farfantepenaeus notialis

Species Location of Sampling Sex r R2

Penaeus monodon New Calabar River M 0.9858 0.9718
F 0.99183 0.98372

Andoni River M 0.9752 0.95117
F 0.9891 0.97835

Farfentepenaeus notialis New Calabar River M 0.9830 0.96643
F 0.9319 0.8685

Andoni River M 0.9658 0.9329
F 0.9569 0.91567

Bille M 0.8680 0.75389
F 0.7576 0.574

Where r = correlation value, R2 = coefficient of determination

Table 2: Tail weight of Penaeus monodon and Farfentpenaeus notialis as percentage of total body weight

The yield (Tail weight) characteristics of Penaeus monodon and Farfentepenaeus notialis 
The tail yield characteristics of P. monodon and F. notialis are presented in Table 2. The tail weight yield 
ranged from 64 - 67% in P. monodon and 58 - 68% in F. notialis. For P. monodon, the tail weight occupied 
more than 60% of their total body weight, ranging from 64% to 67% in female and 66 – 67% in males. 
The tail weight of F. notialis occupied some 60% of the total weight with a range of 61 – 65 % and 58 – 
61% respectively for females and males. 

Species Location Sex �3±SE % TW of 
TBWTBW TW

Penaeus monodon New Calabar River Male 26.51±1.24 17.72±0.85 67
Female 37.32±3.02 24.86±1.97 67

Andoni River Male 63.5±1.9 41.76±1.26 66
Female 90.12±7.25 57.83±4.50 64

Farfentepenaeus 
notialis

New Calabar River Male 2.35±0.15 1.38±0.14 59
Female 2.65±0.22 1.72±0.19 65

Andoni River Male 7.17±0.57 4.39±0.37 61
Female 10.56±0.92 6.5±0.6 62

Bille Creek Male 1.96±0.19 1.14±0.12 58
Female 1.89±0.15 1.14±0.09 61

The tail weight is about the most important metric trait in shrimps. It is the edible portion of the 
shrimp. The percentage tail weight of shrimp is a measure used in the shrimp processing industry to 
estimate the meatiness or yield of the shrimp. A higher percentage tail weight indicates that a larger 
portion of the shrimp's weight consists of meat, making it more desirable for consumers and potentially 
commanding a higher price in the market. In this study, the percentage meat yield was in the range of a 
previous report (Chemonics, 2002; Campos-Montes et al., 2017). This study reveals that the mean tail 
weight of the penaeid shrimps examined were more than 60% (pooled) of their mean total body 
weights. This is in agreement with the report of Chemonics (2002) and Durand et al. (2003) that, in 
the penaeid species, the tail makes up approximately 60 percent of the total weight and higher than 

Where X= mean, SE= Standard error, TBW= total body weight, TW= tail weight.
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those reported for freshwater species which ranges from 28 to 51 % (Lin and Boonyaratpalin 1988)). 
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INTRODUCTION
The term "blue economy" refers to the sustainable use of ocean and marine resources for economic 
growth, improved livelihoods, and preservation of the ocean ecosystem. They include, Fisheries and 
aquaculture, maritime transport, coastal tourism and hospitality, offshore renewable energy, marine 
biotechnology, marine and coastal infrastructure, shipping and ports, ocean exploration and research, 
underwater mining, marine conservation and biodiversity, water sport and recreation, desalination and 
water management. Nigeria, with a coastline spanning over 853 km and access to major inland water 
bodies, is well-positioned to harness the blue economy. In 2020, the fisheries sector contributed 
approximately 3.4% to Nigeria's Gross Domestic Product (GDP), generating over N1 trillion annually 
and employing more than 6 million people (FAO, 2021). In spite of this, Nigeria remains a net importer 

ABSTRACT
The concept of the blue economy encapsulates the sustainable use of 
ocean resources for economic growth, improved livelihoods, and job 
creation, while preserving the health of ocean ecosystems. Nigeria, 
with its vast aquatic resources, stands to benefit immensely from the 
blue economy, particularly through its fisheries and aquaculture 
sectors. Despite the recognized potential of Nigeria's fisheries and 
aquaculture sectors, their contributions to the economy are below 
expectations. The country is yet to fully optimize its marine and 
inland water resources, resulting in continued dependence on fish 
imports to meet domestic consumption needs. This paper adopts a 
qualitative approach, drawing from a range of secondary data sources, 
including reports from the Food and Agriculture Organization 
(FAO), World Bank, and Nigerian Federal Ministry of Agriculture. 
Therefore, this paper examines the contributions of these sectors to 
Nigeria's economy, including their roles in food security, 
employment, and poverty reduction. It also discusses challenges such 
as overfishing, environmental degradation, and policy constraints 
that hamper optimal performance. Recommendations are made for 
leveraging these sectors to promote sustainable development within 
the blue economy framework such as development of national plan of 
action for capture fisheries and aquaculture, strengthening regulatory 
framework among others. 

Keywords:
Capture fisheries,
Aquaculture,
Gross Domestic
Product, Nigeria.  

283



CONCEPTUAL FRAMEWORK

• Fish production: Nigeria's annual fish production stands at approximately 1.1 million metric tons, 
far below the national demand of 3.5 million metric tons (FAO, 2021). This has led to an annual 
import of 1.2 million metric tons of fish, costing the country over N300 billion (Nigerian Bureau of 

of fish, with over 1.2 million metric tons of fish imported annually to meet local demand. Aquaculture 
is expanding at a growth rate of 12% annually, yet it only accounts for 0.8 million metric tons of fish 
production (Nigerian Bureau of Statistics, 2022). The blue economy has emerged as a critical element 
in the global pursuit of sustainable development, emphasizing the balance between economic growth 
and environmental conservation in ocean and water-related industries. The fisheries and aquaculture 
sectors are key pillars of this economy, especially in coastal nations like Nigeria. Nigeria have an 
exclusive economic zone (EEZ) covering approximately 217,313 square kilometers, with significant 
potential for harnessing aquatic resources to support economic growth. However, despite the vast 
resources, Nigeria's fisheries and aquaculture sectors remain underdeveloped and face numerous 
challenges. In recent years, the Nigerian government has shown increasing interest in the blue economy 
as a strategy to diversify its oil-dependent economy and boost sectors like fisheries and aquaculture. 
Despite the recognized potential of Nigeria's fisheries and aquaculture sectors, their contributions to 
the economy are below expectations. The country is yet to fully optimize its marine and inland water 
resources, resulting in continued dependence on fish imports to meet domestic consumption needs. 
For instance, Nigeria imported 2.4 million metric tonnes of fish in 2020, valued at over $1 billion (FAO, 
2021). Additionally, overfishing, illegal fishing practices, and environmental pollution have 
contributed to declining fish stocks, especially in marine waters. This paper is motivated by the need to 
explore how the blue economy, particularly through fisheries and aquaculture, can contribute to 
diversifying Nigeria's economy, ensuring food security, and creating sustainable livelihoods. The 
potential for fisheries and aquaculture to boost Nigeria's economy has been widely recognized, but the 
sector's full potential remains untapped.

Nigeria's fisheries sector is comprised of two main components: capture fisheries and aquaculture. 
Capture fisheries dominate production, with 60% of domestic fish production, primarily from 
artisanal fisheries. Aquaculture on the other hand is growing rapidly, with Nigeria ranked as the largest 
aquaculture producer in sub-Saharan Africa. Yet, the country faces several challenges, including 
overfishing, climate change, lack of adequate infrastructure, and inefficient policies.The blue economy 
encompasses a wide range of economic activities that rely on the sustainable use of ocean, coastal, and 
freshwater resources. Key sectors include fisheries, aquaculture, marine tourism, renewable energy, 
and maritime transport (World Bank, 2017). In this context, the blue economy in Nigeria is viewed as a 
strategy for diversifying the economy away from oil dependency and tapping into the sustainable use of 
aquatic resources. The fisheries and aquaculture sectors are integral to this process, contributing to 
food security, employment, and trade.The blue economy operates on the principle of sustainability, 
emphasizing the need to balance the economic benefits derived from aquatic resources with the long-
term preservation of the marine environment (World Bank, 2021). In Nigeria, the fisheries and 
aquaculture sectors offer an avenue for wealth creation, employment, and food security, directly 
contributing to the nation's development goals, including the Sustainable Development Goals 
SDGs.The concept of the blue economy in fisheries is closely linked with the "triple bottom line" 
approach—economic, social, and environmental sustainability. According to Béné et al. (2016), 
sustainable fisheries ensure that future generations will continue to benefit from ocean resources. 
However, overfishing, poor governance, and environmental degradation pose significant risks to these 
goals in Nigeria.
Statistical Overview of Fisheries and Aquaculture in Nigeria

Overview of Nigeria's Fisheries and Aquaculture Sector
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Overview of Global Blue Economy

Statistics, 2022).
• Employment: The sector supports over 6 million livelihoods, with a higher concentration of 

artisanal fishers in the Niger Delta region. Aquaculture is primarily located in southern and central 
Nigeria (Ezenwa, 2020).

• Export potential: The global fish trade is valued at over $150 billion, and Nigeria has the potential 
to increase exports of fisheries products, especially from aquaculture, if challenges like poor 
infrastructure and weak regulatory frameworks are addressed (WorldFish, 2021).

The global blue economy is estimated to be worth $1.5 trillion annually, contributing 3% of global GDP 
(OECD, 2020). Fisheries and aquaculture are major components, providing food for over 3 billion 
people and employing more than 200 million worldwide (FAO, 2021). The sector's importance is 
growing as the global population increases and demand for sustainable food sources rises. Aquaculture, 
in particular, has grown rapidly, accounting for nearly 50% of the world's fish supply (World Bank, 
2017). In contrast, Nigeria, despite having significant water resources, has not fully integrated into this 
global movement, due in part to policy and regulatory gaps.

The theory of sustainable development underpins the concept of the blue economy, which seeks to 
meet present needs without compromising the ability of future generations to meet their own. Within 
fisheries and aquaculture, this involves the sustainable management of fish stocks and aquatic 
ecosystems to prevent over-exploitation. The 'Tragedy of the Commons' theory also applies, 
highlighting the challenges associated with the overuse of common pool resources, such as fisheries 
(Hardin, 1968). This theory is relevant to Nigeria, where weak regulation and enforcement have led to 
overfishing in marine and inland waters.

EMPIRICAL FRAMEWORK
Fisheries and aquaculture contribute significantly to food security, providing nearly 50% of Nigeria's 
animal protein intake (FAO, 2020). The sector employs about 10 million people, either directly or 
indirectly (Federal Ministry of Agriculture, 2022). Aquaculture production, particularly Catfish 
farming, has been growing at an average rate of 12% annually over the last decade, but the sector still 
falls short of meeting domestic fish demand (FAO, 2021). Despite these gains, challenges such as poor 
infrastructure, inadequate funding, and limited access to technology have constrained sectoral growth.

METHODOLOGY

This study is also anchored on the resource-based view (RBV) theory, which posits that the sustainable 
use of natural resources leads to competitive advantages and economic growth (Barney, 1991). In 
Nigeria, marine and inland water bodies represent significant natural capital that, if properly managed, 
can contribute to economic diversification beyond oil dependence. This aligns with the theory of 
Sustainable Livelihoods (Chambers and Conway, 1992), which emphasizes that the exploitation of 
natural resources should simultaneously improve livelihoods while ensuring ecological balance.

This paper adopts a qualitative approach, drawing from a range of secondary data sources, including 
reports from the Food and Agriculture Organization (FAO), World Bank, and Nigerian Federal 
Ministry of Agriculture. Key data on fisheries and aquaculture production, employment, and trade 
were reviewed to assess the sector's contribution to the Nigerian economy. Additionally, interviews 
with stakeholders in the fisheries and aquaculture sectors were conducted to identify challenges and 
potential solutions. Statistical data on fisheries production, trade, and environmental degradation were 
analyzed to provide a comprehensive view of the sector's current status and future prospects.

THEORETICAL FRAMEWORK
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• Food Security and Nutrition: Fisheries and aquaculture contribute significantly to food security in 
Nigeria, providing affordable protein sources. Expanding the sector under a blue economy 
framework can increase fish production, address nutritional deficiencies, and reduce reliance on 
imported fish. The use of new technologies, such as floating-cage aquaculture and improved fish 
farming techniques, can boost local production.

• Inadequate Infrastructure and Technology: The fisheries and aquaculture sector in Nigeria suffers 
from insufficient infrastructure, including inadequate cold storage, poor transportation networks, 
and limited access to modern aquaculture technologies. This restricts the ability of fish farmers and 
coastal communities to scale up production and access larger markets.

Prospects of Blue Economy in Nigeria's Fisheries and Aquaculture Sector

• Climate Change and Rising Sea Levels: Climate change poses a significant risk to Nigeria's coastal 
fisheries and aquaculture sector. Rising sea levels, coastal erosion, and ocean acidification affect 
marine biodiversity, breeding grounds, and aquaculture facilities. Furthermore, changes in 
temperature and precipitation patterns impact freshwater systems, reducing the availability of 
resources for inland fisheries.

 Challenges of Blue Economy in Nigeria's Fisheries and Aquaculture Sector
• Overfishing and Illegal, Unreported, and Unregulated (IUU) Fishing: One of the major challenges 

facing Nigeria's fisheries sector is the problem of overfishing and IUU fishing, which threatens fish 
stocks and marine biodiversity. This undermines the sustainability goals of the blue economy and 
poses a threat to the long-term viability of fishery resources.

• Sustainable Economic Growth: The blue economy, with its emphasis on sustainable use of marine 
and aquatic resources, holds great potential for Nigeria's fisheries and aquaculture sector. The 
country has access to rich marine resources in the Gulf of Guinea and vast inland water bodies that 
can support expanded fish production, processing, and export. Nigeria's potential to become a 
global hub for aquaculture is growing due to increasing local and international demand for fish.

• Limited Access to Finance: Many small-scale fish farmers and artisanal fishers in Nigeria lack access 
to credit and investment opportunities. This limits their capacity to adopt new technologies, 
expand operations, and improve productivity. The absence of financial support mechanisms 
impedes the development of a vibrant and inclusive blue economy.

• Marine and Coastal Tourism Development: The blue economy offers prospects for developing eco-
friendly marine and coastal tourism that can complement fisheries. Sustainable tourism activities 
could be integrated with aquaculture projects to provide additional revenue streams for coastal 
communities while promoting conservation efforts.

• Pollution and Environmental Degradation: Aquatic ecosystems in Nigeria are increasingly 
impacted by pollution from oil spills, industrial waste, and agricultural runoff, particularly in the 
Niger Delta region. Such environmental degradation negatively affects marine habitats and reduces 
fish productivity, posing a serious threat to fisheries and aquaculture.

• Job Creation and Livelihoods: Nigeria's fisheries and aquaculture industry can provide significant 
employment opportunities. Small-scale fish farmers, artisanal fishermen, and those involved in fish 
processing and distribution stand to benefit from enhanced access to resources and markets, 
promoting improved livelihoods in rural and coastal communities.

• Technological Advancements: The adoption of modern technologies such as solar-powered cold 
storage, floating-cage aquaculture, and advanced breeding techniques can significantly improve the 
efficiency and productivity of Nigeria's fisheries and aquaculture sector. Information and 
communication technologies (ICTs) also play an important role in monitoring and managing fish 
stocks, facilitating sustainable fishing practices.

• Weak Governance and Regulatory Framework: The governance of Nigeria's fisheries and marine 

PROSPECTS AND CHALLENGES
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• Insecurity in Coastal Areas: Coastal communities involved in fishing face security challenges due to 
piracy, kidnapping, and conflicts over resources. Insecurity undermines investment in fisheries and 
aquaculture, disrupting operations and discouraging local and foreign investment.

Fisheries and aquaculture are critical components of Nigeria's blue economy and have significant 
potential to contribute to economic diversification, food security, and sustainable livelihoods. 
However, to fully realize this potential, Nigeria must address the challenges of overfishing, 
environmental degradation, and weak policy implementation.

CONCLUSION AND RECOMMENDATIONS

 century. IDS Discussion Paper, 296, 1-29.

 Recommendations

resources is often characterized by weak enforcement of policies and regulations, leading to 
unsustainable fishing practices. Corruption and lack of institutional coordination hinders the 
effective management of marine ecosystems. Stronger governance and policy reforms are needed 
to ensure sustainable management of aquatic resources.

• Strengthening regulatory frameworks to ensure sustainable fishing practices.

• Promoting public-private partnerships to improve access to finance and market opportunities for 
fish farmers.

• Development of a National Plan of Action (NPOA) on capture fisheries and Aquaculture.

• Investing in aquaculture infrastructure and technologies to increase domestic fish production.

• Enhancing environmental protection measures to mitigate pollution and restore degraded 
ecosystems.

REFERENCES
Béné, C., Hersoug, B., and Allison, E. H. (2016). Not by rent alone: Analysing the pro-poor functions 
 of small-scale fisheries in developing countries. Marine Policy, 20, 83-96.
Barney, J. (1991). Firm resources and sustained competitive advantage. Journal of Management, 17(1), 99-120.
Chambers, R., and Conway, G. (1992). Sustainable rural livelihoods: Practical concepts for the 21st 

 Use of Marine Resources for Small Island Developing States.

Hardin, G. (1968). "The Tragedy of the Commons." Science, 162(3859), 1243-1248.

Nigerian Institute for Oceanography and Marine Research (2021). State of Nigeria's Marine Fisheries Resources.

Ezenwa, B. (2020). Current status of aquaculture in Nigeria. Journal of Fisheries Research, 15(2), 145-160.

World Bank (2017). The Potential of the Blue Economy: Increasing Long-term Benefits of the Sustainable 

FAO (2021). Fishery and Aquaculture Country Profiles: Nigeria. Food and Agriculture Organization report.

OECD (2020). The Ocean Economy in 2030. Organisation for Economic Co-operation and Development report.
Nigerian Bureau of Statistics. (2022). Annual fisheries report. Abuja: NBS.

WorldFish. (2021). Unlocking the potential of aquaculture in Africa. WorldFish Report.

Federal Ministry of Agriculture (2022). Annual Fisheries Report. Government of Nigeria.

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA

287



POVERTY STATUS OF ARTISANAL FISHER FOLKS IN OLUWO FISH 
MARKET, EPE, LAGOS STATE, NIGERIA

Corresponding Author:

3Department of Fisheries Technology, Federal College of Fisheries and Marine Technology, Victoria 
Island, Lagos State, Nigeria

oyetadeop@funaab.edu.ng, +2347031849361, 0000000189874916

1Department of Aquaculture and Fisheries Management, Federal University of Agriculture, Abeokuta, 
Ogun State, Nigeria
2
Department of Agricultural Extension and Rural Development, Federal University of Agriculture, 
Abeokuta, Ogun State, Nigeria

1 1 2 1 1 3 1
Oyetade O. P., N. A. Bamidele,  W. G. Ojebiyi, C. J. Okolie, T. O. Akintade, A. O. Fakeye and  M. C. Ifeakanwa

Poverty encompasses deprivation in various forms that impact human capacities including 
consumption, food security, health, education, rights, etc. Literatures in fisheries has long perpetuated 
the myth that 'artisanal' fishermen are poor, illiterate, and impoverished individuals who are forced to 
pursue fishing as a means of subsistence because they lack other options. Also, in their work, several 
challenges including seasonality, environmental risks, climate change, economic instability, social and 
gender dynamics, political influences, and health issues are some of the variables that affect their very 
fluctuating incomes (FAO, 2022), Poorly-managed coping strategies, such as dragging children out of 
school, taking out high-interest loans, liquidating valuables, or illegal fishing, can jeopardize the 
sustainability of the environment and the well-being of households (FAO, 2023). In Nigeria, artisanal 
inland fisheries generate 10.77% of the country's GDP (FAO, 2023), but poverty persists among 
fishermen due to lack of resources, access to clean water, poor sanitation and healthcare, and lack of 
education. High rates of poverty affect the livelihoods, well-being, and social standing of fishermen and 

INTRODUCTION
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ABSTRACT
The study analyzed the poverty status and economic analysis of 
artisanal fisher folks in Oluwo fish market Epe, Lagos State. A total of 
106 fisherfolk's were selected using multistage sampling techniques 
with a focus on socio-economic and fishing characteristics, economic 
analysis, and household expenditure. The socio-economic analysis 
revealed that 74.5% were female and 25.5% were male, with a mean 
age of 44.4±10.10 and 49.1% having secondary education. The 
highest income earning members were 62.3%, with an estimated 
monthly income of 34.9%. The most spent on food and non-food 
items were N90,000-10,000 (33.0%), and 40,000 and above 
(30.2%). The level of poverty was 80% poor, with 20% being non-
poor. Linear regression analysis showed that education level, 
household size, and estimated monthly income were significantly 
related to poverty. The study concluded that fishing households in 
Epe fish market experience high levels of poverty, with limited access 
to education, income, and credit. It recommended training and 
capacity building programs for artisanal fishers to enhance their skills 
and knowledge in fishing, processing, and marketing.

Keywords:
Economic analysis,
household expenditure,
artisanal fisher folks,
poverty and capacity 
building programs
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ii. Evaluate the artisanal fisher folk's expenditure and income.

women in Epe Lagoon, Lagos State, Nigeria, affecting their overall well-being and social standing 
(Akinbode, 2018).

Objectives of the study 

The study was carried out around Epe Lagoon, which is a coastal lagoon located in the Epe Local 
Government Area of Lagos State, Nigeria. It is a vital fishing ground and a significant source of 
livelihood for the surrounding communities (Olawunmi, 2019). The Lagoon is approximately 30 
kilometers long and 5 kilometers wide, covering an area of about 150 square meters (Nwosu, 2017). 
Epe Lagoon is situated in the Southwestern part of Nigeria, bordered by Atlantic Ocean to the south 
and Lekki Lagoon to the east (Ajayi, 2020). 

i. Determine the socioeconomic characteristics of the artisanal fisher folks 

Data collection and Sampling Techniques
This study used a validated interview guide to gather data on socio-economic characteristics of artisanal 
fishers, fishing characteristics, economic variables, and household consumption. The targeted 
populations were fishers in the Epe community and, especially women fisher folks. A stratified random 
sampling method was used to ensure representation across various fishing operations scales, with a 
sample size of 106 fisher folks.

The main objective of the study is to determine the poverty status of artisanal fisherfolks in Epe lagoon 
while the specific objectives are: 

Analytical techniques

iii. Determine the artisanal fisher folk's poverty status.

Materials and Methods

The data was analysed using Descriptive statistics, Mean Expenditure Threshold Model, Linear 
Regression Model, and Cost-Return Analysis. The Mean Expenditure Threshold Model was used to 
determine the poverty status of the fishing community, classifying households into poor and non-poor 
based on per capita expenditure. Households with less than the mean per capita expenditure were 
considered poor, while those with above the mean were non-poor. This method was used by Ademola 
and Abang (2015).

Per Capital Expenditure =
Total Household Expenditure

Number of household members
⋯ ⋯ ⋯ (1)

Mean per Capital Expenditure =
Sum of all respondents’ per capita expenditures

Total number of respondents
⋯ ⋯ ⋯ (1)

 Y = β  + β X  + β X  + ... ... + β X  + 0 1 1 2 2 n n ∈... ... ...(3)

Linear Regression Model was used to identify the socio-economic factors that contribute to the fishers 
poverty status. The model is specified as follows:
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• β ,β , ... ..., β  = Coefficient that measure the effect of each independent variable1 2 n

• X , X  ... ... X  = Independent variables (e.g., age, household size)1 2 n

RESULTS AND DISCUSSION

Where:

• β  = Constant0

• ε = Error (Captures unexplained variability)

• Y = Poverty status

Table 1 summarizes the demographic and financial characteristics of the Epe lagoon fishing community. 
The community is predominantly of female population with a mean age of 44.4 years. Most residents 
have a Secondary education and are identified as Christian. Households are relatively large, with an 
average of 7.9 members. Most households have multiple income-earning members, but income levels 
are generally low. Expenditure on food and non-food items is significant, reflecting the community's 
reliance on fishing and related activities.

Summary Statistics of the Socio-Demographic Characteristics of Respondents used in the Study

Cost Return analysis was used to assess the economic performance of the fishers by evaluating their 
costs and returns. The key metrics were the Gross Margin (GM), Net Profit (NET).

Table 1: Respondents' Socio-economic Characteristics
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Variables Minimum Maximum Mean Std.Dev Majority
Age 25 65 44.43 10.01 >50years (32.1%)
Gender - - - - Female (74.5%)
Marital status - - - - Married (84%)
Highest level of 
Education - - - - Secondary (49.1%)
Religion - - - - Christianity (68.9%)
Household size 2 30 7.92 5.10 4 - 8 (58.5%)
Number of 
dependent 1 20 4.04 3.10 3 - 5 (62.5%)
Number of incomes
earning members 0 10 3.26 1.893 2 - 3 (50.9%)
Estimated monthly 
income 20000 750000 131386.79 102088.06

N50000-90000 
(34.9%)

Monthly 
expenditure on food 
items 15000 150000 81084.91 32805.38 N90000 - N100000 (33%)
Monthly 
expenditure on non-
food items 7500 100000 28811.32 13439.01 >N40000 (30.1%)

Table 2 presents an economic analysis of fishers in Epe, revealing high variability in monthly and annual 
revenue. Major costs include gear, craft, labour, and fuel, with significant deviations among fishers. The 
Gross Margin (GM) averages N1,505,344.34, indicating the ability of fishers to cover fixed costs. The 
Net Profit (NET) stands at N253,268.87, reflecting actual profitability after accounting for both fixed 
and variable costs. The high standard deviation of net profit (N170,579.30) indicates significant 
differences in profitability among fishers, with some generating higher returns while others struggle 
with lower profits.

Economic Analysis of Fishers in Epe
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Table 2: Economic Analysis of Fishers in Epe (n = 106) 

Mean Std. Deviation

Monthly Revenue 131386.7925 102088.0638

Annual Revenue 1576641.51 1225056.766

Cost of gear 529056.6038 442167.8809

Cost of craft 723018.8679 558438.1618

Cost of labor 12250 8246.28343

Cost of fuel 29650.9434 17766.76536

Cost of repair 29396.2264 27858.37627

TFC 1252075.472 1000606.043

TVC 71297.1698 53871.42506

TC 1323372.642 1054477.468

GM 1505344.34 1171185.341
NET 253268.8685 170579.2982

Based on the Mean Expenditure Threshold model used, 19.8% of the respondents are categorized as poor 
i.e., earn below the Mean per Capita Expenditure while 80.2% are categorized as non-poor (Figure 1). The 
result implies that 80.2% of the respondents earn below N109896.2 on a monthly basis, they are therefore 
considered poor indicating that income for most households could cannot meet their basic needs 
particularly food and non-food expenditures. The findings of this study align with Olutumise and Ajibefun 
(2019) whose findings revealed that over 60% of fishing household are poor.

Poverty Status of Epe Lagoon Artisanal Fishing Community

The study identified the factors influencing poverty status in the Epe Lagoon fishing community. 
Results showed that age has a significant negative effect on poverty status, with younger fisherfolks 
being more likely to be poorer than older ones as shown in table 3. The β  indicates that for every 1-year 
increase in age, poverty status decreases by 0.199 units. Gender is not statistically significant, 
suggesting that both men and women are equally vulnerable to poverty within the fishing sector. 
Marital status is also not a significant determinant of poverty. Education has a positive impact on 
reducing poverty, as higher levels of education equip individuals with better skills and opportunities to 
diversify their income, increasing economic stability. Household size has a significant negative impact 
on poverty, with larger households more likely to experience worsened poverty status. The number of 
dependents is also a significant determinant, with larger households struggling to meet the needs of all 
members, leading to a higher risk of poverty. The β  being -0.05 indicates that odds of a fisher folk being 
poor changed by a factor of 0.05 with every unit increase in household size. This justifies the study of 
Jatto et al., (2021) and Oyetade et al. (2023) that reported the same. The number of income-earning 
members in the household does not have a significant impact on poverty status, possibly because their 
incomes are insufficient or irregular. Estimated monthly income has a highly significant positive effect 
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Figure 1: Poverty Status of Epe Lagoon Artisanal Fishing Community
Socio-economic Determinant of the Fishing Community Poverty Status 



Table 3: Socio-economic Determinant of fishing households' poverty Status

on reducing poverty, with higher earners being more financially secure. This agrees with Olutumise and 
Ajibefun (2019). Food spending and Non-food expenditures do not have a significant impact on 
poverty status, potentially indicating that non-food expenditures are not substantial enough to 
determine whether a household is poor or non-poor.
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  β Std. Error t-value p-value

(Constant) 1.689 0.208 8.133 0

Age -0.199 0.063 -3.152 0.002

Gender -0.022 0.044 -0.501 0.618

Marital status 0 0.032 0.013 0.99

Highest level of Education 0.013 0.003 4.135 0

Household size 0.05 0.014 -3.653 0

Number of dependent -0.057 0.021 -2.71 0.008

Number of incomes earning members 5.49E-08 0 0.197 0.844

Estimated monthly income 6.16E-06 0 5.122 0

Monthly expenditure on food items 1.97E-06 0 0.785 0.435
Monthly expenditure on non-food items -1.00E-02 0.061 -0.169 0.866

Ajayi, O. T. (2020). Socio Economic Characteristics of Fisher folk in Epe Lagoon, Lagos State. Journal 

 and fisheries policies – Framework for analysis and action. FAO Fisheries and Aquaculture 
 Technical Paper No. 671/1. Rome.
FAO. 2023. International Year of Artisanal Fisheries and Aquaculture 2022 – Final report. Rome. 
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INTRODUCTION 

In the African diet, fish has always been important, providing protein to 200 million individuals and 
providing employment for up to 10 million individuals in Africa (Adebo & Ayelari, 2011), including in 
Nigeria. The fishery production in Nigeria originates from three sources; artisanal fisheries (inland 
water, lakes, coastal and salty water),aquaculture (fish cultivation) and mechanized fishing (Otubusin, 

In Nigeria, the fisheries sub-sector contributes 3-4 per cent to the country's annual GDP. Fish is an 
important contributor to the population's nutritional requirements, constituting about 50 per cent of 
the animal protein intake (FAO, 2016).A recent study estimated that Nigeria ranks third globally for 
the number of people dependent on coastal fisheries for food and nutrition security, and the demand 
for fish is growing, alongside growth in population and incomes. However, household fish consumption 
in Nigeria—measured at 13.3 kg/capita/year—is low compared with the world's average of 20.3 
kg/capita/year (FAO 2018). which indicates a situation of undernutrition.

This review aims at determining the impact of Climate Change on 
fish production in the Kainji Lake basin of Nigeria. This study was 
conducted based on information from secondary sources. The fishery 
subsector in Nigeria contributes about 3 to 4 percent to the country's 
annual GDP. The declining trend in the fishery yield especially that of 
Lake Kainji calls for a review on whether this decline is associated 
with Climate change. Climate change has been known as a global 
externality, resulting from rapid industrial development and 
associated human induce changes in the natural environment. The 
estimate of lake' s fish yield production in 1996 was 38,246 metric 
ton by 1997 there had been a sharp decline to about 25 percent 
recorded, and since then reserch shows that there has been a drastic 
decline in fish yield at about 4500mt. This decline could be 
attributed to beach seine that ended up affecting the Clupeid 
resources in the lake. Also the study review that a continuous rise in 
the temperature of surface level water due to the changes of climate 
conditions may change the stability of the water quality and hinder 
the penetration of nutrients from lower depths into the water 
surface, this could lead to fall in productivity of fishery. This review 
also indicates that rainfall seems to have a negative impact and an 
undefined link to the declining fish yield in the lake, thus a well 
structured and adaptive as well an effective communicative 
component be put in check towards the fisher folks and stakeholders 
in relation to climate change.

ABSTRACT

Keywords:
Climate Change,
Fishery, Production,
Lake Kainji.
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Climate change is a global externality, resulting from rapid industrial development and associated 
human-induced changes in the natural environment. Inferences on climate variation are drawn from an 
assemblage of observations of temperature, rainfall and other forms of precipitation, wind, sunlight 
and humidity drawn from historical records and other meteorological estimates (IPCC, 2007)

Destructive/obnoxious fishing practices: The use of destructive fishing methods, such as beach seine, 
has threatened the sustainability of fishery resources in Nigerian lakes, such as the Kainji and Jebba 
Lakes (Nwabeze, Erie, & Erie, 2012). The use of toxic substances, which was banned for fishing in 
Nigeria (Hobday, & Hudson 2015), could be another factor causing harm to fish production in lakes

Climate change impacts may be felt over the entire earth or can be limited to a specific location 
(UNFCCC, 2011), requiring a range of adaptation measures to mitigate the consequences. It is well-
known that the vulnerability to climate change and the capacity to adapt to ongoing changes results in a 
varied net impact of climate change across locations. The socio-economic setting and the existing natural 
regenerating capacity of the natural resource systems – such as fisheries – have an impact on the outcome. 

Global climate change, as highlighted in a number of reviews, involves long-term shifts in weather 
patterns, usually around 30 years. Such shifts have accompanied increased variation in weather 
variables including an increase in temperature, evaluated at almost 0.2 °C every decade since 1980 

2011). A declining trend in Nigerian fishery production and a growing demand for fish as food 
highlights,  the need for better understanding of the sources of this decline and for the establishment of 
measures to support local production is paramount.

A primary cause of overfishing is "open access" to fisheries, where no one takes responsibility for 
sustaining the resource, but everyone seeks to maximize individual gains. The deterioration of fisheries 
in Nigerian lakes because of overfishing has been widely reported (Tafida, et al., 2013). At Lake Kainji, 
studies indicate that there has been a decline in the mean size of fish species (i.e. mean length and 
weight) and changes in reproduction rates due to both environmental factors and community 
overfishing (Seisay & du Feu, 1997).

The absence of government controls is not left out as this is another factor cited in literature  has been 
non effective and inefficient in the sense that administrative measures designed for exclusive control of 
fishing efforts have been unsuccessful (Hoguane, Lopes & Lopes, 2002). Other than the above factors 
that influence fishery production, recent literature highlights that climate change  significantly affect 
fishery productivity worldwide (Ficke, Myrick & Hansen, 2012).

Scientists have established that disturbances to regular cycles of weather can influence biological 
systems, including agriculture, and affect the stability of food supply and water availability threatening 
the sustainability of fisheries systems. For instance, estimates suggest that agricultural yield could fall 
by as much as 50% between 2000 to 2020 in some parts of Africa owing to accelerated soil erosion, 
which is attributed to climate change (Apata et. al., 2009; IPCC, 2007). Climate change can be both a 
biophysical and economic driver in fishery management to safeguard fish supplies, particularly in the 
presence of various other factors that affect fisheries productivity, as discussed earlier. 

Broadly, climate adaptation measures in the fisheries sector would include increased diversification 
into non-fishing activity, and the devising of appropriate fishing access and use regimes for fishing 
communities, including indigenous access limits, and assisting communities to learn and practice new 
measures to adapt to a more variable climate (Huq, et al., 2007).

IMPACT OF CLIMATE CHANGE ON FISHERY PRODUCTION 
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(Osborn, 2010), increasing precipitation in some regions and reduction in others, and a rise in global sea 
level (Cunningham & Cunningham 2004). These changes are associated with heightened changes and 
may be linked to ongoing accumulation of greenhouse gasses in the atmosphere (IPCC, 2007). 
Scientific observations suggest that climatic variability, particularly at the medium term or at the 
decadal scale, may have influenced global fisheries production (Garcia and Rosenberg, 2010). Such 
changes are attributed to worldwide changes in temperature, rainfall, humidity and water salinity.

PHYSICAL IMPACT OF CLIMATE CHANGE ON FISHERY PRODUCTION.

There are several aquatic habitats in Nigeria including freshwater and marine environments,man-made 
Lakes such as Kainji Lake, reservoirs and floodplain systems such as the river Benue (Tohan et al., 
2006), all of which provide habitat for distinct species of fish and react in diverse ways to the effects of 
climate change, prompting changes in stocks of fish. This could have economic implications since it is 
most likely to affect the level of extraction, particularly impacting on the poor and the vulnerable who 
depend on fishing as their source of livelihood. The impact of climate change on fishery productivity 
can be classified as physical, economic and biological.

Worldwide climate change is likely to influence aquatic frameworks through changes in the hydrologic 
cycle: dissipation, changes in temperature and precipitation (Kling et al. 2013). Even though historical 
evidence does not link increased evaporation with lower water levels in low temperature lakes. The 
inherent trend in climate change tends to put an extra stressor into the suite that already incorporates 
pollution, overfishing, water redirection and across-the-board presentation of non-local fish species 
(Goudswaard et al. 2002). On these grounds, it is useful to consider the influence of various climatic 
factors on fishery production.

Rainfall

This provides ample evidence that temperature is the most noteworthy element affecting fishery 
production as it has a profound effect on the water's salinity and fish productivity. Changes in the 
temperature of the water level could prompt changes in the movement of fish, leading to a decrease in 
fish yield, particularly where sea water meets fresh water ecosystems (African Action, 2007).

TEMPERATURE 

Kainji Lake lies near 9°30'N and 10°35'N latitudes and 4°25'E and 4°45'E longitudes. The district is a 
zone of Guinea Savannah kept up by yearly burning. The geology is of low alleviation, lying between 
150 m to 300 m above sea level. The rainfall is altogether restricted to a period starting about mid-April 
and stretching out to mid-October. In a study of the impact of rainfall on estuarine fisheries in 
Queensland, Australia, Meynecke et al. (2006) found approximately 30 percent of the variation of the 
total catch was associated  with rainfall variability. The literature also identified a positive relationship 
between freshwater inflows (rainfall) and fishery productivity based on an exportation of sediment 
from the inputs. The inflows bring increases in nourishment in the water, providing food and shelter for 
the fish species in the habitat, especially during their development stage and thereby 
increasing their rate of survival and grow (Ayub, 2010). The incremental change in rainfall and water 

An increase in water temperature may influence fish physiology, changing the spawning patterns and 
the survival of juveniles, and ultimately the annual recruitment and the exploitable catch size (Grego, 
2014). In particular, high temperature during stages of juvenile growth can have a huge impact on the 
sexual maturation of new spawns.. The rates of feeding, digestion and development are also influenced 
by the water temperature because when the temperature is lower than ideal, feeding behavior is 
diminished (Chitmanat & Traichaiyapon, 2010).
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Fish are known to react to ecological change, for instance, the presence of warmer water. The species 
can change through migration to another habitat in search of water of a more suitable temperature, 
resulting in an increasing yield in a higher latitude. However, when the latitude is relatively low, it is 
likely there will be loss in fish, resulting in a decline in the fish stock (Mohammed & Uraguch, 2013). 
Changes in the water level can fluctuate from 30 to 70 percent in higher latitudes, and this may pose a 
serious threat to fisher folk who may not be able to follow the fish stock at such a high level. 
.Subsequent changes in fish stock appropriation and distribution will affect the profitability of fisheries 
and may influence the production of a fish resource provided by fishing communities, with likely 
effects on the livelihoods of the fisher folk in fishing communities. For example, the supply of an 
adequate protein, market availability and social welfare (OECD, 2010) will be affected in the fishing 
communities.

level supports the multiplication, recruitment and migration of fish in the lakes (FAO, 2014). 
However, when the rainfall is too heavy, it may significantly reduce the level of the fish catch and the 
catch per unit effort (CPUE).

Biological impact of climate change.

Economic Impact of Climate Change
Failure to recognise the importance of balancing human and ecological needs has brought about a 
worldwide temperature alteration and climate change with their related devastating impacts (Eliam 
2015). to land surface (vegetation) and water resources through to the biological and physical 
properties of soil are particularly important for the sustainability of fisheries and providing for human 
life on earth (Badjeck et al., 2017). Environmental externalities can influence fishery profitability in 
several ways such as modifying recruitment, development rates and normal mortality, but these are 
negative externalities that may lessen the efficiency of fishery yield (Richard, et al., 2015).

Fisheries adaptation to climate change reveals the need for the safeguarding fish stock through resource 
protection or conservation measures and harvest restrictions (Terry, 2012). Adaptation to climate 
incorporates receptive activities by people or, by public institutions, which range from forsaking 
fisheries for other occupations to creating protection frameworks and changing fishing operations 
(Daw, et al., 2009). Adaptation may include modifying fishing weights to sustainable levels, setting 
catch limits in the light of changes in recruitment, development, survival and reproductive 
achievement should be possible using versatile administration, checks and preparatory standards 
(FAO, 2018). For instance, in the Kainji Lake, the fisher folks seem to be aware that the precipitation 
level brought about by climate change is beyond their control. Prior knowledge of this could lead to 
their ability to embark on livelihood diversification plans.

Fishery adaptation to climate change 

Climate change may have a physical, biological and economic effect on the sustainability of fishery 
resources. The required inputs for fishery production are complex and may incorporate the fish stock 
as well as fishing gear, vessel sort and size and the fuel expended. As the fishing resource population 
falls, the exertion expected to make the same catch goes up, influencing the cost of the effort used and 
creating a higher plane of competition among fisher folk, which then alters the price stability of the 
resource and the fishery sub-sector of the economy at large. However, the threat of climate change 
interactions notwithstanding, it could also be possible that other factors may be interacting to threaten 
the productivity pattern of the natural resources in the fishing community, which may contribute to 
the dwindling of these resources in the Kanji Lake Basin. 
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The social effects of climate change have gained global importance in recent time. The Intergovernmental Panel 
on Climate Change (IPCC, 2011) defines "climate change" as "a change in the state of the climate that can be 
identified (e.g. by using statistical tests) by changes in the mean and/or the variability of its properties and that 
which persists for an extended period, typically decades or longer. The fisheries and aquaculture sector has not 
been spared of climate change effects over the past decades (Mabe and Asase, 2020; IPCC, 2007).

Discussions

INTRODUCTION

Climate change will redraw our coastlines, alter where we can grow food, change where we can find water, 
expose us to fiercer storms or more severe droughts and promote forced migration, and stress existing 
mechanisms for sharing resources like transboundary rivers and migratory fish stocks (IPCC, 2007).

Causes of Climate Change
Climate change could be referred to as an increase in average global temperature caused by natural and 
human activities including the burning of fossil fuels (coals, oil and natural gas) releasing CO2 in the 
atmosphere at an ever-increasing rate (WWF, 2013).

ABSTRACT
This paper aims to critically examine the relationship between 
climate change and sustainable fisheries development in Nigeria in a 
descriptive form through the use of secondary sources of data from 
printed and online materials. Climate change is caused mainly by 
greenhouse gases, principally carbon dioxide (CO2), and the 
depletion of the ozone layer in the atmosphere leading to the overall 
rise of global temperature and the disruption of natural climate 
patterns. Its impact on sustainable fisheries development has become 
more critical in sub-Saharan Africa, especially in Nigeria, over the 
past decades. Mitigation measures help to reduce greenhouse gas 
emissions, while adaptation measures help to reduce the effects on 
the environment and allow people and communities to adapt to 
predicted changes and the realities imposed by climate change. 
Increased climate activity endangers human life and ecosystems, 
hinders growth and societal development, threatens to exacerbate 
existing vulnerabilities, and creates new ones for the poor The 
domestication of the relevant United Nations Sustainable 
Development Goals (SDGs) and the implementation of other 
relevant policies would help to reduce the negative impacts of 
climate change on sustainable fisheries development in Nigeria. 
Lastly, innovations in science, technology, business, and education are 
needed for social, environmental, and economic benefits which 
contribute to sustainable development globally. 

Keywords:
Climate change,
sustainable development,
mitigation measures,
sustainable livelihoods.
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• Natural Causes of Climate Change: The earth's climate is influenced and changed through natural 
causes like volcanic eruptions, ocean current, earth's orbital changes and solar variations.  The sun is 
the source of constant energy for the earth's climate system. However, small changes over an 
extended period can lead to climate change. (Hanson et al, 2012).

Sustainable fisheries development is defined by FAO as fisheries development that integrates bio-
ecological, technological, economic and social dimensions to sustainably improve the well-being of all 
the people engaged directly or indirectly in the fisheries sector as well as the natural productive system. 

The Relationship between Climate Change and Sustainable Development 

Climate Mitigation and Climate Adaptation Measures

Climate Change and Sustainable Development in Nigeria

Sustainable development is the practice of maintaining productivity by replacing used resources with 
resources of equal or greater value without degrading or endangering natural biotic systems. There is an 
emphasis on the present generations' responsibility to regenerate, maintain and improve planetary 
resources for use by future generations (UNESCO, 2015).

Responses can be categorized into mitigation and adaptation measures. Mitigation measures help to 
reduce greenhouse gas emissions, while adaptation measures help to reduce the effects on the 
environment and to allow people and communities to adapt to predicted changes and the realities 
imposed by global climate change. However, because effects of climate change are unavoidable in the 
near and medium-term, adaptation strategies that will make societies more resilient in the face of 
impending change are essential to sustainability (SL&CCA, February 2004).

• Human Causes of Climate Change:  The largest known contribution comes from the burning of 
fossil fuels which releases carbon dioxide gas to the atmosphere. Other human activities that 
contribute to climate change include bush burning, cutting down of trees, use of generator, gas 
flaring from oil companies and burning of fossil fuels from vehicles, gases released from industries; 
excess use of chemicals and crude oil spillage (Solomon et al, 2007).

Climate change is a threat multiplier with the potential to worsen some of humanity's greatest 
challenges, including health, poverty and hunger (UN Climate Change News, 19 July 2019).

There is a dual relationship between sustainable development and climate change. On the one hand, 
climate change influences key natural and human living conditions and thereby also the basis for social 
and economic development, while on the other hand, society's priorities on sustainable development 
influence both the greenhouse gas (GHG) emissions that are causing climate change and the 
vulnerability. Climate Change will compound existing poverty in the developing nations because of 
their dependence on natural resources, and their limited capacity to adapt to a changing climate. 

Climate Mitigation Strategies

Climate Adaptation Strategies 

According to El-ladan (2014) Nigeria has a vast space of land spanning 923,768 sq. km. across different 
climatic regions and is understood to be highly vulnerable to climate change. There are desert 
encroachment and extreme droughts in the northern states as well as serious problems of flooding and 
erosion in the littoral southern states which combine to threaten Nigeria with shrinkage and collapse. 
The migratory pattern of fish stocks has changed markedly, just as the catch has declined. 

Climate mitigation is any action taken to permanently eliminate or reduce the long-term risk and 
hazards of climate change to human life, and property. The International Panel on Climate Change 
(IPCC) defines mitigation as: “An anthropogenic intervention to reduce the sources or enhance the 
sinks of greenhouse gases." (IPCC, 2007). 

These measures/strategies include using scarce water resources more efficiently; adapting building 
codes to future climate conditions and extreme weather events; building flood defenses and raising the 
levels of dykes; developing drought-tolerant crops; choosing tree species and forestry practices less 
vulnerable to storms and fires and setting aside land corridors to help threatened species migrate. 
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Adaptation Strategies for Climate Change in Fisheries

Climate Change Opportunities

(IPCC, 2007). It refers to the ability of a system to adjust to climate change (including climate 
variability and extremes), moderate potential damage, take advantage of opportunities, or cope with 
the consequences (IPCC, 2007).

The climate change adaptation strategies used by fishers are increasing daily fishing time, increasing fishing 
efforts, changing fishing time, intensive aquaculture production, migrating to another fishing area, fishing 
further away or deep inside the water, catching smaller fish, participation in alternative livelihoods.
Floods/Erosion in Coastal and Riverine Areas (Fishing Communities)
Multiple pressures, including habitat loss and degradation, pollution, overexploitation of fish stocks 
climate change and natural hazards- affect the coastal ecosystems. The effects of climate change could 
be devastating to vulnerable coastal and marine areas as well as to the function and structure of their 
ecosystems. Increasing sea level (1.7 mm/year) changes the shape of coastlines, contributes to coastal 
erosion and leads to flooding and more underground salt-water intrusion. Building up resilience to 
increasing climate variability is the most significant climate challenge facing all countries, including 
Nigeria. Countries will need to factor climate risks and climate change adaptation into their 
development planning, and consider the range of interventions that will increase their resilience to 
climate change (Eboh, 2009). 
Climate Change and Water Bodies in Nigeria
The global climate change has brought about the drying up of some water bodies in Nigeria including 
the Lake Chad, the Komadugu-Yobe River Basin and the Hadejia-Jamaare River Basin among others. 
These wetlands have suffered from drought-like conditions in the past decade. Communities living 
along the courses or banks of the feeder rivers are hindering the rivers from supplying the water into 
Lake Chad by building dams along them in their quest for water for irrigation activities and other 
relevant activities. This situation has resulted in the drastic reduction of the water of the lake causing 
increasing drop in fishing activities in the lake as well as reduction in water supply for pastoral and 
irrigation farming activities. The secondary impacts include increased rural/urban migration, job losses 
and user conflicts (Abubakar, 2008).

Climate-induced water scarcity from changes in temporal and spatial distribution of rainfall could lead 
to increased competition within the agriculture sector and with other sectors. Moreover, addressing 
this and other challenges would require modifying physical infrastructure, such as irrigation systems 
and altering the design and location of storage facilities. Increased risk from flood and droughts poses 
additional threats to agricultural and fisheries production. 

CONCLUSION AND RECOMMENDATIONS

• The Federal Ministry of Marine and Blue Economy should bring on board relevant stakeholders 
from the Public Sector and the Private Sector to manage the impact of climate change on 
sustainable fisheries development. 

• Mitigation and adaptation strategies to reduce sectoral vulnerability to climate change should be 

The paper reviewed the impact of climate change on sustainable fisheries development in Nigeria and 
concludes that necessary adaptation strategies and mitigation strategies should be adopted by 
stakeholders in the fisheries and aquaculture sector to ensure sustainable development.  

There are some identified opportunities for countries to boost food production and to promote food 
security. These include the introduction of climate-smart agricultural and fisheries and aquacultural 
practices, integrated landscape management, sustainable production intensification, etc. Climate 
Smart Agriculture brings about increased land for agricultural practices and the introduction of new 
varieties / species of hardy crops, animals and fish (Lipper et al. 2014).

In order to attain sustainable fisheries development in Nigeria, it is recommended that:
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Fish is considered more favourably when compared to both white and red meat. It is a high-quality 
excellent protein food and the fast-growing in fisheries industry (Kari et al., 2020). It has no cultural 
and religious barrier to its consumption, unlike beef and pork. Fish is one of the cheapest quality 
protein sources, with macronutrients such as selenium, calcium, zinc, iron, vitamin A and essential 
fatty acids. It constitutes an important diet on the table of Nigerians, especially those people around 
riverine areas and Atlantic coast (Adeogun et al., 2014).

INTRODUCTION
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ABSTRACT
This study was conducted in Nasarawa State to assess fish farming 
management practices and its contribution to livelihood among fish 
farmers. A total of 210 respondents were chosen at random out of the 
464 identified registered fish farmers for the study. A validated 
structured questionnaire was administered to the respondents to 
elicit information. Both descriptive and inferential (regression) 
statistics were employed to analyze the data. The results revealed 
that the level of management practices in fish farming operations by 
the fish farmers was high with four (4) of the operations topping the 
participation index which include feeding of fish (1.89***), stocking 
of fish seed (1.59***), sorting (1.51***) and cropping of fish 
(1.39***). There was significant difference (P≤0.05) among the 
selected socio-economic variables on the factors influencing fish 
farmers' management practices in fish farming operations.  Fish 
farming contributed immensely to fish farmers' livelihood as main 
source of income (1.87***), food security (1.69***), job 
opportunity (1.68***) and source of protein (1.55***). The major 
constraints facing fish production in the study area are high cost of 
feed (1.96***), insufficient fund (1.55***) and disease outbreak 
(1.41***). The study, thus recommend that fish farmers should have 
reasonable access to conventional food and financing facilities.

Keywords;
Fish farmers,
Fish farming,
Management practices,
Livelihood.
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MATERIALS AND METHOD
Study Area

Fish farming plays an important role in income generation and employment creation (Mulokozi et al., 
2020). This is mostly applicable to socioeconomic status of rural communities who depend on fishing for 
livelihood. Half of the fish consumed in the nation is imported while there is still a significant need for 
domestic fish production (Subasinghe et al., 2021). According to Onyekuru et al. (2019), Nigeria's current 
fish demand is 1.4 million metric tons, whereas the country's total annual fish supply from all sources 
(culture and capture fisheries) is less than 0.7 million metric tons. Nigeria must import almost $500 
million worth of fish year, or 0.7 million metric tons, to make up for the shortfall (Issa et al., 2022). More 
fish farming is needed to meet this demand, because fish supply is not keeping up with the enormous 
demand, making Nigeria one of the world's biggest importers of fish. The objective of this study is to assess 
the fish farming management practices and its effect on fish farmers' livelihood in Nasarawa State, Nigeria.

The study was conducted in six (6) Local Government Areas of Nasarawa State, which are 
predominantly involved in fishing.

Data obtained from structured questionnaire were subjected to simple descriptive statistics using 
SPSS statistical package, 20.0 version. Factors influencing fish farmers' management practices in the 
study area was analyzed using multiple linear regression.

Stage 1: Six (6) out of the thirteen (13) Local Government Areas in the State were selected 
purposively due to their predominant participation in fish farming. The selected Local Government 
Areas were: Doma, Lafia, Nassarawa Eggon, Akwanga, Keffi and Karu.

Stage 3: At this stage, 45% of fish farmers from each of the selected districts were picked randomly 
using available sample frame, making the total of two hundred and ten (210) registered fish farmers as 
respondents for this study.

Target respondents for the research were registered fish farmers in Nasarawa State. Respondents' 
selection was achieved using multi-stage sampling technique.

Stage 2: Four (4) districts were randomly selected from the six (6) selected Local Government Areas 
making twenty-four (24) selected districts.

Analytical Technique

Sampling technique and Sample Size

Figure 1: Map of Nasarawa State showing the study area
Source: Nasarawa State Ministry of Lands and Survey (2019)
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Table 1. Level of management practices by fish farmers in the study area
RESULTS AND DISCUSSION
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 Never Occasionally Always
Variables Frequency Percentage Frequency Percentage Frequency Percentage Weighted 

Score
Mean 
Value

Rank

Spawning 100 47.62 86 40.95 24 11.43 134 0.64* 11 th

Sorting 14 6.67 114 54.29 102 48.57 318 1.51*** 3rd

Stocking of fish 
seed

12 5.71 94 44.76 120 57.14 334 1.59*** 2nd

Feeding of fish 04 1.90 16 7.62 190 90.48 396 1.89*** 1st

Cropping of fish 10 4.76 107 50.95 93 44.29 293 1.39*** 4th

Treatment of 
water

37 19.05 130 61.90 43 19.05 216 1.03** 7th

Checking of water 
quality parameters

70 33.33 90 42.86 50 23.81 190 0.90* 8th

Removal of waste 
matter from water

32 15.24 130 61.90 48 22.86 226 1.08** 6th

Use of chemical 
to control diseases

64 30.48 136 64.76 10 4.76 156 0.74* 10 th

Changing of water 16 7.62 116 55.24 78 37.14 272 1.29** 5th

Pond fertilization 60 28.57 112 53.33 38 18.09 188 0.89* 9th

*** Highly participated in fish farming management practices         * Low participation in fish farming 
management practices ** Moderately participated in fish farming management practices   
Note: Multiple responses were considered

Level of Management Practices by Fish Farmers in the Study Area

Factors Influencing Participation in Fish Farming Management Practices in the Study Area

Results in Table 1 shows the mean values of the respondents' level of management practices such as feeding of 
fish (1.90), stocking of fish seed (1.52), sorting (1.45), cropping of fish (1.41) and changing of water (1.30). 
Conversely, respondents were not much participated in spawning, use of chemicals and pond fertilization 
(0.68, 0.73 and 0.91, respectively). This result corresponds with the findings of Ayeloja et al. (2021). It 
implied that nearly all the fish farmers in the surveyed area fed their fish routinely, while majority carried out 
sorting and changing of water as part of their management practices as also reported by Akalonu et al. (2019).

Results in Table 2 shows the regression of the factors influencing participation in fish farming management 
practices. There was a significant difference (P≤0.05) between the chosen socio-economic variables at 
the 1, 5, and 10% probability levels regarding the factors impacting fish farmers' participation in fish 
farming management practices. The result showed that the respondents' involvement in fish farming 
management practices was negatively correlated with criteria such as gender, educational attainment, and 
access to finance facilities. This is consistent with Mafura's reports (2020).

Table 2. Factors influencing fish farming management practices in the study area
Variables Std. Error t- value
Constant 10.553 2.701 3.664
Age of respondents 0.109 0.021 3.382***
Gender -1.038 0.864 -1.161 NS

Household size 0.277 0.093 2.889***
Educational level -0.067 0.070 -0.898 NS

Membership of association 0.210 0.073 2.611***
Years of aquaculture experience 0.725 0.031 18.290***
Pond stocking capacity 0.011 0.008 2.021***
Number of ponds 0.334 0.116 2.490**
Average monthly farm income 9.004 0.001 1.620*
Climate change 3.195 2.214 1.405 NS

Access to credit facilities -0.882 1.596 -0.487 NS

R 2 = 0.648
F- statistics= 4.6212
NS= Not significant **Significant at 5%
*** Significant at 1% *Significant at 10 %
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Table 3 shows the contribution of fish farming to farmers' livelihood. Fish farming made a substantial 
contribution to the respondents' livelihood in terms of income, employment opportunities, food 
security, and protein sources respectively. The implication of the significant contribution of fish 
farming to the livelihood of the respondents is that fishing brings an improvement in the livelihood of 
the respondents. This finding is corroborated by Ayeloja et al. (2021) which stated the role played by 
fish farming in bettering farmers' livelihood.

Contribution of Fish Farming to Fish Farmers' Livelihood in the Study Area

Table 3. Contribution of fish farming to fish farmers' livelihood in the study area

Variables No
Benefit

Slight 
Benefit

High 
Benefit

Weighted 
Score

Mean 
Value

Rank

Main source of income 06 16 188 392 1.87*** 1st

Source of protein 08 78 124 326 1.55*** 4th

Job opportunity - 68 142 352 1.68*** 3rd

Food security 14 36 160 356 1.69*** 2nd

Increase in knowledge 06 118 86 290 1.38** 6th

Water conservation 138 22 50 122 0.58* 9th

Alternate source of income 56 96 58 212 1.01** 7th

Ornamental/Recreational 
purpose

106 10 94 198 0.94* 8th

Source of manure to plants 24 74 112 298 1.42** 5th

*** Highly contributed to fish farmers’ livelihood *Low contribution to fish farmers’ livelihood
**Moderately contributed to fish farmers’ livelihood Note: Multiple responses were considered

Table 4. Constraints to fish farming in the study area

Constraints to Fish Farming in the Study Area
Table 4 shows the constraints facing fish farming in the study area. This study has revealed the 
constraints affecting fish production in Nasarawa State which considered high cost of feed, insufficient 
fund, poor access to credit facilities and theft as major challenges. This align with the study outcome of 
Ogunremi et al. (2018). It implies that among the listed constraints, the above mentioned are the ones 
with higher adverse effects on fish farming in the study areas.

Constraints No Constraints Minor Constraints Major Constraints Weighted 
Score

Mean 
Value

Rank

36 22 152 326 1.55*** 2nd

Land acquisition 70 92 48 188 0.89* 6th

Theft 44 88 78 244 1.16** 5th

Disease outbreak 20 84 106 296 1.41*** 3rd

Quality fish seed 86 96 28 152 0.72* 7th

Poor extension services 148 38 24 86 0.41* 10 th

Poor access to credit facilities 28 112 70 252 1.20** 4th

Reliable/Quality water source 102 74 34 142 0.68* 8th

High cost of feed - 08 202 412 1.96*** 1st

Unskilled personnel 90 102 18 138 0.66* 9th

***Highly challenging to fish production * Low challenging to fish production
**Moderately challenging to fish production Note: Multiple responses were considered

It can be concluded that Feeding of fish was ranked highest as the major management practice adopted 
by the fish farmers. The study also revealed significant differences among the socioeconomic variables 
set to determine factors influencing fish farmers' engagement in fish farming management practices in 
the area. The fish farmers' livelihood was positively impacted by fish farming since it provided a steady 

CONCLUSION
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source of income. The primary obstacle to fish farming in the area was the high cost of feed, which 
made the fish farmers' participation in the management practices so discouraging since it affects the 
level of production.

Akalonu, G.C., Akinyoade, O.F., Nwakuche, E.I., Oyelade, O.A. and Opowoye, I.O. (2019). Management 
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West Africa Agricultural Productivity Programme (WAAPP–Nigeria) became effective on 12th 
January, 2012 after approval by the World Bank. It was implemented by Agricultural Research Council 
of Nigeria of the Federal Ministry of Agriculture and Rural Development (FMA&RD) through a 
Project Coordination Office (PCO). In Kainji Lake Basin, NIFFR-WAAPP activities was implemented 
through outreach department centre on demonstrating proven aquaculture technologies to farmers in 
adopted villages and facilitating rural micro-economic development through the promotion of 
livelihood activities. There have been a number of activities in the following adopted villages: Musawa, 

In Nigeria, several attempts have been made by government, non-governmental organization, 
programme implementers, agricultural extensionists and researchers to develop appropriate fishery 
development programmes that will eliminate hunger, poverty and improve standard of living of people 
through increase productivity. Fishery is recognised as one of the important sectors of agriculture that 
has significant contribution to the livelihood of people and country GDP in the last few decades. This is 
confirmed Odioko and Becer, (2022) that fisheries sector is an essential aspect of the world economy 
sector in terms of employment, food security, enterprise development, foreign exchange earnings, 
livelihoods of many rural people and nutrition.

INTRODUCTION

THE ROLE OF WEST AFRICA AGRICULTURAL PRODUCTIVITY 
PROGRAMME (WAAPP) IN SUSTAINABLE FISHERIES IN KAINJI LAKE 
BASIN, NIGERIA: A REVIEW

1 1 2 1 1 1
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This paper examines the role of West Africa Agricultural Productivity 
Programme (WAAPP) in sustainable fisheries in Kainji Lake Basin, 
Nigeria. The study highlighted activities of WAAPP in Kainji Lake 
Basin, and their challenges. West Africa Agricultural Productivity 
Programme (WAAPP) played in fisheries development programme 
in Kainji Lake Basin which had projects with proven positive impacts. 
This study reveals that introduction of WAAPP has yielded positive 
result by encouraging increase fish production through pond culture 
technology dissemination, adoption and promotion of other 
component of fish value chain. The paper concludes that WAAPP has 
contributed significantly to sustainability of fishery sector in so many 
ways. Moreover, attention should be given to implementation 
process stable, policies and improved funding to ensure continuity. 
The challenges faced by the WAAPP could be traced to poor 
implementation process.

ABSTRACT

Keywords:
Fisheries, Programme 
and Kainji Lake Basin
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The study relied on available literature to describe the role of West Africa Agricultural Productivity 
Programme (WAAPP) in sustainable fisheries in Kainji Lake Basin, Nigeria and from this review, gaps 
was drawn with recommendations for improvement. 

RESULTS AND DISCUSSION

Cover dam, Dukia, and Correctional centre, New Bussa among others.
Thus, it is of interest to review roles of WAAPP in terms of achievements and challenges directed at 
implementing and maintaining various policies and projects for development and sustainability of 
fisheries productivity. It is also with a view to making recommendations to key players in the fisheries 
development programmes in planning effective programme that will enhance productivity. 

METHODOLOGY

Activities of WAAPP adopted villages in 2014
The activities in adopted villages such as, Musawa, Cover dam, Dukia and Correctional centre were 
shown in Table 1. In Musawa community activities such as site selection, land clearing for pond 
construction, pond preparation and stocking of 1000 fingerlings of Clarias species were carried from 
April 2014 to first week of July 2014. Other activities that follow include distribution of improved 
seeds of Faro 44 rice, sorghum and maize to farmers. Also, the participants' names were collated for 
allocation of e-wallet fertilizer to promote their other livelihood activities outside fishing business. 
Further, the activities in Cover dam village under group one was started from March 2014 to July 2014. 
It begins with stakeholders meeting with NIFFR staff to sensitize participating community members 
on the activities to be carried out in 2014. These activities include site selection for demonstration 
ponds, digging of earthen ponds, pumping out of contaminated water from new ponds, fertilization and 
liming of ponds, distribution of improved rice seeds (Faro 44), sorghum, maize and collation of farmers 
names for fertilizer distribution. Also, in Dukia village under group one, activities commenced from 
May 2014 to July 2014 with distribution of improved rice seeds (Faro 44), sorghum and maize, and 
collation of farmers' names for e-wallet fertilizer distribution to assist them improving their crop 
farming activities for more income generation for better standard of living. In Correctional centre, the 
same activities in Dukia village were carried out at the same period.
 
Table 1. WAAPP activities in adopted villages
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THE ROLE OF WAAPP IN KAINJI LAKE BASIN, NIGERIA 
The contribution of WAAPP to sustainable economic development in Nigeria cannot be over 
emphasize. Today, fishery activities have been the major occupation of many people especially in Kainji 
Lake Basin which could be traced to the contribution of WAAPP in the area. Since many communities 
appreciate the value of fish as an important source of income, food and rich protein source, vitamins, 
minerals and fats. WAAPP-Nigeria as a development programme work through adopted villages to 
ensure sustainable fish farming (Daniel, 2015). 
It is evident that the introduction of WAAPP in Nigeria to promote rural development and productivity in 
the sub-component of agriculture-fisheries is yielding positive results (Olowosegun, Tanko, Idris, and 
Ndakotsu, 2015). The programme aim to encourage increase fish production through aquaculture 
technology dissemination, adoption and promotion of value chain. It was implemented in some villages 
and secondary schools in Nigeria, in which NIFFR adopted villages and agricultural research outreach 

Table 1 . WAAPP activities in adopted villages
S/No Adopted 

Village
Activities Date

1 Musawa Land clearing/weeding of pond area April 2014
Pond preparation for stocking April 2014
Stocking of pond with 1000 fingerlings of Clarias species by 
community fish farmers under the supervision of NIFFR staff. 

May 2014

Given of 6 bags of 2mm and 4 bags of 4mm NIFFR fish feed May 2014
Improved seeds of faro 44 rice, sorghum and maize distributed to 
farmers

April 2014

Collation of farmers names for proposed e -wallet fertilizer 
allocation

1st week of July 2014

2 Cover dam Community /NIFFR stakeholders meeting to sensitize 
participating community members for 2014 activities

March 2014

Selection of site between Community /NIFFR stakeholders for a 
conducive site for demonstration pond

April 2014

Youth supervised to dig a new 12MX 6m fish pond (earthen) 6th-12th April 2014

Pumping out of contaminated ditch water off the new pond 19th of April 2014

Pond fertilization and salting

Invitation of farmers to NIFFR headquarters for seed distribution May 2014

Distribution of improved seeds of Rice (Farro 44) sorghum and 
Maize

May 2014

Collation of farmers names for fertilizer distribution July 2014

3 Dukia Invitation of fish farmers representatives to NIFFR headquarters 
for seed collection/distribution to members

May 2014

Distribution of improved seeds of Rice (Farro 44) sorghum and 
maize to farmers to support fish farming

May 2014

Collation of farmers names for fertilizer allocation July 2014

4 Correctional 
centre

Invitation of farmers to NIFFR headquarters for seed collection May 2014

Distribution of improved seeds of Rice (Farro 44) sorghum and 
Maize

May 2014

Collation of farmers names for fertilizer distribution July 2014

Adapted from Sule, (2014).
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 ponds in NIFFR Adopted villages and agricultural research outreach centres (AROCs) 

CHALLENGES OF WAAPP SUSTAINABILITY

centres are not excluded. To achieve the aim of technology dissemination under WAAPP programme, 
WAAPP-NCoS-NIFFR used quiz competition strategy to stimulate students' interest in fish farming 
enterprise. To keep the students abreast and involved in the WAAPP activities in fisheries aquaculture, 
workshops were organised for all the schools that participated in the quiz competition to sensitise and 
teach the students on the subject for the quiz. They were exposed to some areas in aquaculture such as, 
fisheries extension, feed formulation, fish biology and water quality management. Furthermore, in 
fulfilling the mandate of WAAPP in technology dissemination and adoption, the National Centre of 
Specialisation (NCoS) organised field trip to modern fish farm in New-Bussa, Niger state, Nigeria, for 
adopted villages of Monai and Musawa. The trip was to stimulate interest, exchange knowledge, share 
experiences to support adoption and establish linkages for quick access to inputs and advisory services 
(WAAPP-NCoS-NIFFR, 2013). In NIFFR, the programme established a number of fishery projects such 
as, demonstrative fish ponds, distribution of improved crop and fish seeds and establishment of fish 
processing centres among others. It was discovered that each of these projects are self-sustainable, by 
generating income and improving the standard of living of the participating communities and schools. 
WAAPP also helps to addresses grass root problems faced by fish farmers that is associated with 
productivity, poverty and supporting them to proffer solution to those problems.

From the discussion above, we have highlighted activities of WAAPP in some adopted villages with the 
roles in fishery development and the challenges. This programme contributed significantly to 
development of fishery sector in so many ways. Despite its contribution to fisheries development there 
are shortcomings which include: poor funding, poor maintenance and sustainability problem. Others 
are lack of continuity in government policies, inadequate extension agent and poor monitoring and 
evaluation. For sustainability, more attention should be given to programme implementation by 
involving target group in the development process of the programme. Moreover, lessons learnt from 
previous programmes should serve as guide for future fishery policies and programmes inventions.

Daniel, E. (2015). Adopted villages: the journey so far. In agriculture. Nation newspaper. 
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Despite the contribution of the WAAPP towards fishery development in Kainji Lake Basin, the 
programme experience low participation which was based on belief that there are no meaningful results 
from programmes due to bad experience from most of the past government programmes. Furthermore, 
the programme experienced setbacks due to poor implementation process such as incompatibility of some 
technologies with the existing knowledge of the farmers, lack of technical know-how, inadequate credit 
facilities to farmers, inadequate extension agent and poor monitoring and evaluation. Vincent and 
Mustapha, (2015) also reported that challenges of the programme include how to maintain productivity 
gains, while supporting technological innovations for agricultural diversification, and to add value through 
processing so that farmers can capture a large share of the gains. 

Odioko, E and Becer, Z. (2022). The Economic Analysis of The Nigerian Fisheries Sector: A Review. Journal of 
 Anatolian Environmental and Animal Sciences.7(2),216-226.  
 https://www.researchgate.net/10.35229/jaes.1008836. 
Olowosegun, T., Tanko, A., Idris, H. and Ndakotsu, S.S. (2015). Establishment of demonstration 

 2013/2014NIFFR Annual report.
Sule, A.M. (2014). Mid-year report on NIFFR WAAPP-Nigeria activities (Monitoring & Evaluation, 

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

314



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

 NCoS, WAAPP Nigeria). Unpublished report NIFFR WAAPP-Nigeria.

 https://dailytrust.com/why-waapp-wants-research-council-restructured
Vincent, Y. and Mustapha S.  (2015). Why WAAPP wants research council restructured. Daily trust 

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA

315



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

316

FISHERIES GOVERNANCE 
POLICY AND MARINE 

PROTECTED AREA (FGPM)



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Despite this, the sector faces significant challenges, particularly climate extremes, which pose risks to 

INTRODUCTION
Aquaculture is increasingly recognized as a vital alternative source of fish to meet the growing global 
demand for dietary protein (Subasinghe et al., 2009). In West Africa, it contributes between 5.9% and 
7.1% to total fish production, with significant potential for expansion (Nhuong Tran et al., 2022).
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ABSTRACT
Aquaculture is recognized as a vital alternative for meeting global 
demand for dietary protein, especially in West Africa, where it 
contributes between 5.9% and 7.1% to fish production. However, 
climate extremes threaten production and exacerbate livelihood 
vulnerabilities. This paper explores the need for climate-smart 
aquaculture (CSA) policies in Nigeria, focusing on Oyo State, to 
enhance resilience, reduce environmental impact, and ensure 
sustainable growth in the sector. CSA practices, such as water 
recirculation systems, efficient feed management, and renewable 
energy-powered systems, are vital in enhancing productivity, 
improving resilience to climate change, and minimizing 
environmental footprints. However, Oyo State's current policy 
framework is fragmented, lacking coherence and strategic integration 
of aquaculture into its climate resilience plans. The paper identifies 
key policy challenges, including poor governance, inconsistent policy 
implementation, and infrastructure gaps, which limit the 
development of sustainable aquaculture. To address these gaps, an 
integrative policy framework is proposed, emphasizing cross-sector 
collaboration, climate adaptation measures, inclusive stakeholder 
engagement, and sustainable resource management. This framework 
calls for the institutional strengthening of aquaculture-focused 
organizations, increased investment in climate-resilient technologies, 
and regulatory incentives to encourage the adoption of CSA 
practices. Furthermore, the paper highlights the importance of 
participatory policymaking and the development of localized 
regulations that reflect the socio-economic realities of smallholder 
farmers. By institutionalizing CSA, Oyo State can enhance food 
security, reduce poverty, and promote sustainable economic growth 
while aligning with national and international climate adaptation 
goals. This integrative approach also provides a strategic pathway to 
advancing climate-smart aquaculture in Nigeria.

Keywords:
Climate-smart,
policies, aquaculture,
Oyo state

317



production and further exacerbate livelihood vulnerabilities. Addressing these challenges requires a 
strategic shift toward environmentally sustainable and climate-smart aquaculture. This proactive 
approach—focusing on adaptation rather than reaction—offers the most promising pathway to ensure the 
long-term sustainability of both the environment and the fisheries sector in the face of climate change.

This paper aims to identify and explore the climate-smart practices and policy measures necessary to 
build resilience in Oyo State's aquaculture sector. By advocating for the institutionalization of CSA, 
this paper will offer recommendations that can enhance fish farmers' livelihoods while aligning with 
national and international climate mitigation and adaptation goals.

To achieve this, there is an urgent need for policies that reduce aquaculture's carbon footprint, enhance its 
environmental benefits, and build resilience against climate change, while also expanding aquaculture's 
role as a market mechanism. Such policies should position aquaculture as an adaptive tool for sustainable 
development, for instance, by utilizing marginal lands degraded by declining soil fertility.

The capital city is Ibadan. Oyo State has 33 local government areas with four agricultural development 
(ADP) zones under Oyo State Agricultural Development Programme (OYSADEP).   These are 
Ibadan/Ibarapa, Ogbomoso, Oyo and Saki agricultural zones (Figure 1). The state is endowed with 
numerous rivers, lakes, and streams, which can support diverse aquaculture practices. With a growing 
population and increasing demand for protein sources, aquaculture emerges as a viable alternative to 
traditional fishing, promising sustainable livelihoods for local communities. Moreover, the integration 
of modern techniques and technologies in aquaculture can enhance productivity levels, ensuring food 
security and economic resilience.

Oyo State plays a crucial role in Nigeria's aquaculture production, contributing significantly to food 
security and the state's GDP (Oyo State Ministry of Agriculture, 2020). Effective climate action and 
production efficiency are essential to meeting the high demand for fish, which helps substitute 
imports. This research, therefore, seeks to develop an integrative policy framework that can enhance 
the climate resilience of aquaculture in Nigeria, with a particular focus on Oyo State.

Oyo State, situated in the southwestern geopolitical zone of Nigeria, presents an array of opportunities 
for the development of aquaculture due to its abundant water resources and favorable climate. 

Study Area- Oyo State
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Climate-Smart Strategies for Aquaculture
Climate-Smart Aquaculture Practices involve techniques that: 
a) enhance productivity, such as the use of (i) water recirculation systems (RAS). This improves water 
use efficiency, allowing for higher stocking densities and better control of the aquaculture 
environment, (ii) efficient feed management, to reduce feed waste, improve feed conversion ratios, 
and enhance fish growth rates, contributing to better farm productivity. (iii) selective breeding for 
resilience and growth, this involves breeding species for faster growth rates and higher yields under 

Figure 1: Map of Oyo State showing the ADP zones 
Source: Adapted from Ashley-Dejo et.al., 2020
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Challenges and Gaps in Current Policies

• Infrastructure Gaps: infrastructure support in Oyo State is insufficient. For example, the state's 
policies do not adequately address the need for modernized aquaculture systems or improved 
access to quality inputs like feed. This leaves small-scale farmers struggling with outdated methods 
that limit their productivity, despite government promises of investment in infrastructure 
(Oladimeji et al., 2019 and Ajagbe et al. 2020).

various climate conditions and (iv) polyculture systems, to integrate multiple species in the same 
environment to optimize space and resources, leading to increased overall productivity.

Nigeria lacks a specific legislation for aquaculture at the national and state levels even as the country has 
been recognized as the second biggest Aquaculture producer in Africa (Agbeja, 2011; Ogunji and 
Wuertz, 2023). Despite this recognition, aquaculture remains insufficiently acknowledged in Oyo 
State's development strategies and current policy frameworks, particularly in the Oyo State Roadmap 
for Sustainable Development 2023 – 2027 (Oyo State, 2023). This lack of recognition reflects a 
significant gap in policy coherence and coordination, especially in light of climate change.  Oyo State's 
policies regarding aquaculture are indeed subject to contradictions that hinder sustainable growth in 
this critical sector. The following are examples of areas where this inconsistency is evident:

b) improve resilience to climate change such; (i) as deploying integrated multi-trophic aquaculture 
(IMTA), a system where multiple species are farmed together in a way that mimics natural ecosystems. 
For example, fish can be grown alongside seaweed and shellfish, which help absorb excess nutrients, 
improving water quality and reducing environmental impacts. (ii) designing climate-resilient pond 
design to withstand extreme weather, such as floods or droughts, ensuring continuous production. (iii) 
Using advanced disease and pest monitoring systems i.e. implementing early warning systems for 
harmful algal blooms, temperature fluctuations to detect climate-related stressors, thereby preventing 
losses from disease outbreaks linked to temperature or water quality changes.
c)reduce environmental impact by; (i) engaging solar-powered aquaculture systems, that is utilizing 
renewable energy to power aquaculture operations, reducing carbon emissions. (ii) using algae-based 
carbon sequestration, this involves cultivating algae to absorb excess carbon dioxide from the 
atmosphere, mitigating the carbon footprint of the farm. (iii) using sustainable feed alternatives i.e. 
eco-friendly feed sources (e.g., insect meal, algae-based feeds) to reduce the environmental impact of 
feed production and reduce reliance on wild fish stocks. (iv) managing waste, this involves recycling 
waste materials into biogas or compost to minimize pollution and generate renewable energy. (v) 
Reducing dependency on freshwater resources by using harvested rainwater, preventing over-
extraction of groundwater.

• Inconsistent Policy Implementation: National and regional policies often emphasize increasing fish 
production and fostering climate resilience. However, the lack of effective governance and 
fragmented policy efforts at the state level create bottlenecks, such as poor disease management 
protocols and inadequate support for small-scale fish farmers, undermining their ability to expand 
production. Additionally, the sector suffers from a reliance on imported fish, reflecting weak 
domestic policy support that could otherwise bolster local production (Oladimeji et al., 2019)

• Sustainability and Environmental Issues: Policies aimed at environmental protection and 
sustainable resource management often conflict with the on-ground realities. One of the limiting 
aquacultures in Nigeria and Oyo State include a lack of proper policy that can regulate the overuse 
of agro-allied and industrial wastes, and based on the existing official policy, it is difficult to 
determine the rights of aquaculturists (Ogunji and Wuertz, 2023). 

• incoherent strategy: Oyo state's lack of coherent strategy for integrating climate resilience into 
aquaculture exacerbates risks, such as overfishing and environmental degradation, which further 
threaten food security and economic stability. 

These contradictions and inefficiencies point to the need for a more harmonized policy approach that 
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An integrative approach to climate-smart aquaculture policy in Oyo State should focus on creating 
synergies across different sectors, institutions, and stakeholder groups to foster resilience and 
sustainability in the face of climate change. 
By incorporating these integrative approaches, Oyo State can build a climate-resilient aquaculture 
sector that supports food security, economic development, and environmental sustainability.

bridges the gap between planning and execution, fostering long-term sustainability in Oyo State's 
aquaculture sector.

The following are the proposed components of such an approach:

ii) Agriculture, Water, and Environment: Climate-smart aquaculture requires collaboration between 
the ministries responsible for agriculture, water resources, and environmental protection. Integrated 
water management systems, such as watershed management and irrigation, can help ensure sustainable 
water use while protecting aquatic ecosystems 
ii) Education and Training: Intentional partnerships with educational institution and research 
organizations can improve the knowledge base on sustainable practices and innovation in aquaculture. 
Climate-adaptation strategies, such as selecting resilient fish species, must be informed by scientific 
research and disseminated through extension services
2. Incorporation of Climate-Resilience Measures

3. Inclusive Stakeholder Engagement
i) Smallholder Farmers: Ensuring that smallholder fish farmers have access to training, financial 
support, and markets is critical for equitable development. Policies should prioritize inclusivity by 
providing access to resources and support systems for small and marginalized farmers

ii)Disaster Risk Management: As climate change increases the frequency of extreme weather events, 
policies must incorporate disaster risk reduction strategies to mitigate impacts on aquaculture, such as 
establishing early warning systems and climate insurance created by the State for fish farmers.

1.  Cross-Sector Collaboration

I) Climate Adaptation: Oyo State's policies on aquaculture should promote adaptive measures, such as 
the use of climate-resilient species, temperature regulation technologies, and sustainable feed sources. 
Incentives for farmers to adopt these technologies, such as subsidies or low-interest loans, can 
accelerate the transition to climate-smart practices

Integrative Approaches to Climate-Smart Aquaculture Policy in Oyo State

Innovative Technologies and Practices: An integrative approach to promoting climate-smart aquaculture 
policy involves complementary and supportive policy and institutional changes, making use of the best 
available smart technologies. Example is the integrated aquaculture systems.  Promoting and providing 
incentives for integrated systems, such as rice-fish farming or aquaponics, would diversify production and 
enhances resource efficiency, reducing the environmental impact of aquaculture. 

Data-Driven Policy Adjustments: Establishing a robust monitoring and evaluation framework is key to 
ensuring that climate-smart aquaculture policies are effective. Presently, the state does not have a clear or 
concise mechanism for data regarding aquacultural activities. Regular assessments of fish stocks, water quality, 
and the socio-economic impact on farmers can help adjust policies to respond to evolving climate conditions.

Biodiversity Conservation: Policies must ensure that agriculture and aquaculture practices do not lead 
to habitat destruction or biodiversity loss. This involves regulating the use of harmful chemicals and 
protecting natural water bodies from pollution and over-exploitation.

4. Sustainable Resource Management

ii) Community-Based Management: Encouraging local governance structures, such as cooperatives, to 
manage resources collectively can foster ownership and ensure that climate-smart aquaculture 
practices are locally adapted and sustainable

5. Monitoring and Evaluation
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The scarcity of aquaculture-related climate policies and the fragmented regulatory frameworks in Oyo 
State, which fail to adequately address adaptation, production, and ecosystem-based approaches, 
underscore the need for a cohesive, integrative policy response. To bridge this gap, it is recommended 
that a new policy framework be developed—one that provides a versatile pathway to climate-smart 
aquaculture. Instead of enforcing prescriptive regulations and standards-based solutions, this 
framework should focus on offering broad regulatory guidance for proactive agencies to pursue. It 
should empower authorities to develop localized regulations that incorporate the best standards, 
including recommendations on complementary tools and strategies.

In recognition of the multi-functional nature of climate-smart aquaculture, there is a need to design 
and adopt an integrative approach to policy and implementation in Oyo State, Nigeria. This approach 
could enable the State to set higher regulatory standards while maintaining a healthy aquaculture 
industry in Oyo State in particular and Nigeria as a whole.  The goals, however, are easier suggested 
than implemented, given that all initiatives require complex decision-making, immediate adaptation 
measures, and a diverse range of policy measures. Policymakers also need to be realistic, considering 
that policies are but one of the climate change drivers. The pursuit of or prevention from change seems 
implausible if the model in mind that depicts climate-smart aquaculture is that of providing 
environmental and social benefits.
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For state and local governments, a standardized offtake framework should be established, focusing on local 
content adoption. These guidelines should center on outcomes, tools, and successful programs, 
emphasizing targets, trading schemes, best practices, and performance benchmarks. These components 
will facilitate the adaptation of local policies to the broader climate-smart aquaculture agenda.

CONCLUSION AND RECOMMENDATIONS

Moreover, to achieve farm-level adaptation and contribute to sustainable development in the state, 
participatory policy-making is crucial. 
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INTRODUCTION 
Doum palm (Hyphaene thebaica L.) is a desert palm tree with edible oval fruit, native to Egypt, sub-
Saharan Africa and West India. It is rich in antioxidants, B-complex, essential minerals and are good 
source of monosaccharides such as glucose and fructose (Aboshora et al., 2014). Originally native of 
the Nile valley but grows well in the Northern part of Nigeria. It is a member of the palm family, 
Arecaceae and it is dichotomous and arborescent in nature. H. thebaica is listed as one of the useful 
plants of the world (Fletcher, 1997; Datti et al., 2020). It has a brown outer fibrous flesh normally 
chewed and spewed out. H. thebaica fruit has several applications in the food industry, such as in 
manufacturing sweetmeats, cakes, and nutritious drinks (Aboshora et al., 2014). It is edible when it is 
unripe but hard when it is ripe. Previous reports have documented the effect of dietary Date palm fruit 
extracts, Phoenix dactylifera, a plant in the same family with H. thebaica in augmenting growth rate, 

The effect of Doum Palm (Hyphaene thebaica) pulp meal (DPPM) in 
the diet of Oreochromis niloticus as replacement for Maize was 
investigated. The diet was control diet 0%DPPM, 25%DPPM, 
50%DPPM, 75%DPPM and 100%DPPM respectively. The feeds were 
fed to O. niloticus fingerlings at 5% body weight twice daily for the 
period of 90 days in an indoor partial follow-through system. Initial bulk 
weight and initial standard length of O. niloticus fingerlings and water 
quality parameters were monitored biweekly. Inclusion level at 0 and 
25% of DPPM meal has higher (MWG) 4.03±0.03 and 3.91±0.20g, 
(SGR) 0.57±0.01 and 0.58±0.02, (FCR) 1.15±0.01 and 1.17±0.01 
respectively. The lowest growth and feed utilization were observed in 
fish fed 100% inclusion level. The weight gain of fish decreases with 
increase inclusion level above 25%. However, there was no significant 
difference between control diet and 25% inclusion level (p>0.05). 
Carcass proximate composition revealed significant difference 
(p≤0.05) among the various inclusion level of DPP meal. Crude 
protein and (NFE) recorded the highest value of 39.91±0.55 and 
8.44±0.39 respectively at DPPM 25% inclusion level when compared 
with control. Conclusively, the fruit of H. thybaica meal is a source of 
Carbohydrate and a good replacement for maize meal at 25% (4 
g/100g) inclusion level for optimal growth and lower cost of feed 
production.

ABSTRACT

Keywords:
Doum palm Pulp meal,
Oreochromis niloticus
fingerlings, Growth
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Table 1: Gross composition and proximate analysis (g/100g) of the five experimental diets fed to 
Oreochromis niloticus fingerlings

MATERIALS AND METHODS 

immune parameters, and antioxidant enzyme activity of common carp, Cyprinus carpio (Hosseinifar et 
al., 2017; Hosseinifar et al., 2015). Aquaculture play a significant role in animal protein production 
which can meet the increasing worldwide demand for protein sources, perhaps one of the most 
significant fish species bridging this gap are the Tilapias groups of freshwater omnivorous cichlids that 
are native to Africa and subsequently have been introduced, either deliberately or accidentally, 
throughout the world (Eknath and Hulata 2009). The Nile Tilapia, Oreochormis niloticus, is the target 
species of this study; is highly favored for aquaculture due to its relatively fast growth, hardiness, easy 
reproduction and high market acceptance (Ernzen et al., 2021).
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Ingredients 0% DPPM 25% DPPM 50% DPPM 75% DPPM 100% DPPM

DPPM 0.00 3.89 7.79 11.69 15.58

Yellow maize 15.58 11.69 7.79 3.89 0.00
Rice brand 13.33 13.33 13.33 13.33 13.33

Fish meal 35.71 35.71 35.71 35.71 35.71

Soybean 25.38 25.38 25.38 25.38 25.38

Bone meal 1 1 1 1 1

Palm Oil 3.5 3.5 3.5 3.5 3.5

Salt 0.8 0.8 0.8 0.8 0.8

Min/vit premix 0.7 0.7 0.7 0.7 0.7
Methionine 2 2 2 2 2

Lysine 2 2 2 2 2

Total 100 100 100 100 100

Moisture 4.69±0.09 4.79±0.01 4.50±0.00 4.69±0.01 4.55±0.00

Ash 18.90±0.01 18.80±0.35 18.73±0.37 18.33±0.33 18.10±0.30

Ether extract 13.33±0.33 13.53±0.33 13.46±0.33 13.46±0.33 13.13±0.09

Crude Protein 34.75±0.03 34.85±0.58 35.13±0.01 34.75±0.00 34.68±0.37

Crude fiber 7.25±0.00 7.96±0.01 8.45±0.00 8.45±0.00 10.34±0.00

NFE 13.19±0.33 11.19±0.00 10.98.0±0.00 12.65±0.01 11.22±0.01

Table 2: Proximate composition of H. thebaica pulp and yellow maize (mg/100g)

Proximate content Doum Palm pulp Yellow Maize

Moisture 4.05±0.01 8.03±0.21
Ash 11.35±0.13 2.32±0.13
Crude lipid 7.80±0.23 5.42±0.02
Crude protein 6.25±0.02 9.60±0.07
Crude fiber 10.15±0.13 4.64±0.07
% NFE 70.55±0.46 74.63±0.32

Feed Formulation and experimental fish: Five diets contain 35% crude protein were formulated with 
DPPM replacing maize at 0% (control), (25DPPM), (50DPPM), (75DPPM), and (100DPPM) 
inclusion level of Hyphaene thebaica pulp meal using the Pearson's Square method (Table 1).
Two hundred and fifty (250) Oreochromis niloticus fingerlings mixed sex with an average weight of 
(5.74±0.02 g) were obtained from Kuka Farm, Gabasawa Local Government Kano State, Nigeria. The 

NFE= Nitrogen free extract
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Fifteen (15) plastic aquaria with dimension of 50×45×35 cm was used (three aquaria/ experimental 
diet), each containing borehole water. Ten (10) fingerlings of O. niloticus were stocked randomly in 
each aquarium. The set up was covered with net to avoid fish from jumping out. Water was changed 
every three (3) days using a semi flow through system to eliminate fecal matter and unutilized feed in 
the tank.  At the start of the feeding trial, fish were starved for 24 hours to empty the gut and prepare 
them for the experiment. The fish were fed twice daily (8:00-8:30am and 4:00-4:30pm) for a period of 
twelve weeks (Aderolu et al., 2018).
Growth Parameters and Feed Utilization Determination

Data analyses: Data were analyzed using one-way analyses of variance (ANOVA) and Duncan's 
multiple range test (DMRT) was used to rank means where significant at (P≤0.05) using IMB-SPSS 
version 25 software package. 

RESULTS AND DISCUSSION

The growth performance of O. niloticus fed varying inclusion levels Doum palm pulp meal indicates 
the mean initial bulk weight (81.33-81.66g) was not significantly different (p>0.05) among the 
experimental treatments, showing uniformity in size at onset of the experiment as recommended by 
previous studies (Jegede and Fagbenro, 2008).
Growth of fish fed diet containing DPPM 0% (122g) and DPPM 25% (120.5g) significantly (p≤0.05) 
increased steadily from initial to the final week following a typical growth curve while, Growth in fish 
fed diets 50%DPPM, 75%DPPM and 100%DPPM followed in descending order Table 3. The best 
performance was obtained in the control DPPM0% and DPPM 50% respectively, followed by fish fed 
DPPM50% and DPF75% while the lowest value was recorded in fish fed on the control (DPPM 0%).
Similarly, the specific growth rate (SGR) also displayed decreasing trend with increasing levels of 
DPPM in the diets.  DPPM was better utilized at 0% and 25% level of substitution compared to other 
inclusion. The good utilization of H. thebaica meal, with relatively high fiber content might be due to 
the acidic nature of Tilapia stomach (pH<2) and presence of cellulase in the gut that facilitate the 
rupture of the cell wall of the vegetative matter (Fagbenro et al., 2005).

The results for the proximate composition of the Doum palm fruits pulp studied revealed the presence 
of some amounts of protein (5.25±0.02%), lipid (7.80±0.23%), ash (11.35±0.13%), crude fiber 
(10.15±0.13%), moisture content (4.05±0.01%) and NFE (71.56±0.46 %). These results were 
found to be very close to that reported by Datti et al., (2020). However, some researchers reported 
higher parameters in some instances. Bonde et al., (1990) reported higher protein content of 9.26%. 
Similarly, the value of crude fiber (10.15%) is higher than that reported by Nwosu et al., (2008) who 
reported (8.1%) and Abdel-rahman et al., (2014) who reported (7.17%).

Bashir and Suleiman (2018) reported similar results, decline in the growth parameters with inclusion 
level of Tamarindus indica L. seed in the diet of Oreochromis niloticus. The general slow gain in weight 
might be since fish were fed exclusively the formulated feeds with no access to natural feed as may be 
found in pond or riverine condition (Amisah et al., 2009) and reared under laboratory condition. The 
high values recorded for FCR suggests indigestibility of the diet and can be attributed to high crude 
fiber in the diet (Zaid and Sogbesan, 2010). According to De-Silva (2001) feed conversion ratio is 

At the end of the experiment, the data obtained were analyzed to determine growth response and feed 
utilization parameters such as mean weight gain, mean standard length gain, daily weight gain, relative 
weight gain, mean growth rate, specific growth rate, survival rate, performance index, protein index, 
protein efficiency ratio, feed consumed, feed conversion ratio, feed conversion efficiency, and net 
protein utilization.

fish were transported in an airtight polythene with oxygen to the Fisheries Laboratory of the 
Department of Biology, Ahmadu Bello University Zaria. Fish were left in the water bath (150x50x40 
cm) for two weeks for acclimatization.
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between 1.2 - 1.8 for fish fed carefully prepared diets, and the results from the present study are within 
this range. Several studies opined that low level of FCR is an indicator of feed utilization efficiency of 
formulated feed (Kader et al., 2003; Khan, et al., 2013; Shipton and Hecht, 2013). 

Table 3: Growth response and feed utilization of O. niloticus fed different inclusion level of H. 
thabaica pulp meal

However, minerals found in doum plants boost hormones and enzymes, and they activate enzyme, as 
reported by Zai-jie (2007) this may also lead to the increased and better growth performance recorded 
with DPPM25% increasing inclusion levels of doum palm fruit in the diets. Similar results were 
reported by (Hanan et al., 2020) who established the beneficial effect of doum palm fruit on growth 
performance of O. niloticus significantly increased all growth parameters. Findings in the study were 
also in accordance with the results of (Hoseinifer et al., 2015) on common carp. They asserted that 
consumption of the dietary date palm fruit extract of 200 mL/kg for eight weeks could induce growth-
related gene expression and improve fish weight by 34.6% and feed utilization by 17.53% whish are of 
the same family with DPP.
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Parameters  0% DPPM 25% DPPM 50% DPPM 75% DPPM 100% DPPM P-value 

MIBW (g) 81.66±0.33a 81.33±0.33 a 81.66±0.88 a 81.33±0.88 a 81.33±0.33 a 0.984 

MIL (cm) 5.13±0.22 5.32±0.23 5.33±0.12 5.14±0.33 5.03±0.32   

MFBW (g) 122.0±0.57 a 120.5±1.85a 118.6±1.85c 116.66±0.66c 116.0±1.52c 0.000 

MFL (cm) 8.50±0.23a 8.60±0.24a 7.60±0.32b 7.50±0.43b 7.30±0.22b 0.000 

MWG (g) 4.03±0.03 a 3.91±0.20 a 3.49±0.23b 3.43±0.12 c 3.46±0.16 c 0.000 

ADWG (g) 0.04±0.00 b 0.05±0.00 a 0.03±0.00bc 0.02±0.00 d 0.03±0.00 c 0.000 

SGR 0.58±0.00 a 0.57±0.02 a 0.48±0.03c 0.46±0.02 c 0.42±0.02 c 0.000 

FI 180.4±0.00 201.6±0.00 178.8±0.00 188.3±0.00 227.6±0.00   

FCR 1.15±0.00 c 1.17±0.01 c 1.29±0.01b 2.34±0.01 a 2.37±0.01 a 0.000 

PI 79.63±0.05c 87.59±1.16b 80.67±0.01c 81.62±0.01c 101.0±0.85 a 0.000 

PER 0.25±0.00 b 0.45±0.02 a 0.32±0.03b 0.16±0.01 d 0.24±0.02 c 0.000 

CF 1.25±0.01 d 1.27±0.02 c 1.40±0.04b 1.42±0.02a 1.39±0.03a 0.000 

SR (%) 80.0±0.00b 86.33±3.33 b 90.33±6.66b 93.00±0.00e 93.00±0.00a 0.000 

Key: T= treatment, NFE= Nitrogen free extract, DPPM= Doum palm pulp meal, IBW= Initial bulk 
weight, FBW= Final bulk weight, WG= Weight gain, ADWG= Average daily weight gain, SGR= 
Specific growth rate, FI= Feed intake, DFI= Daily feed intake, FCR= Feed conversion ratio, PI= 
Protein intake, API= Average protein intake, PER= Feed efficiency ratio, CF= Condition factor, SR= 
Survival rate
The carcass crude protein in this experiment increased significantly (p≤0.05) after the feeding trial Fig 
1. Generally, fish carcass had more protein retained in the body at the end of the experiment. Obaroh 
et al. (2015) reported that protein, lipids and moisture contents are the major constituents when 
evaluating nutritive value of fish. All experimental diets significantly increased the protein and lipid 
contents of experimental fish. This result implies that there was synthesis and increased tissue protein 
production as reported by (Fuller, 1961 and Yusuf et al., 2016).
The mean initial crude protein (29.16%) was significantly lower than the values obtained after the 

Means with the same superscript across rows were not significantly different (P≥0.05)
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feeding trial. High value (37.31% and 39.99%) was recorded in fish fed DPPM25% and the control 
respectively. A similar increase in body protein content has been documented in African catfish fed on 
diets enriched with doum palm pulp meal (Hanan et al., 2020). There was no significant difference in 
the ash content of the fish fed (50% and 75%) DPPM but it differed with the other treatments and the 
control. Ash ranged from 13.38% to 19.04% and moisture ranged from 4.15% to 4.85%. Moisture 
content, Crude lipid and Soluble carbohydrate (nitrogen free extract) differs significantly (p≤0.05) in 
the all treatment and control. Increase inclusion level of doum palm pulp meal increases the 
parameters mentioned above. Enhanced feed efficiency and utilization by DPPM, as well as improved 
digestibility, might be held responsible for these findings as the carcass composition has been 
demonstrated to be influenced by the diet (Orire, 2010). Various factors, including culture conditions, 
feed composition, environment factor, fish size, stress, and geographical location can affect the carcass 
composition of fish (Roques et al., 2020).

Oreochromis niloticus fed DPPM meal at 25% inclusion level exhibited highest growth and nutrients 
utilization MWG, SGR and FCR at (4.03±0.03, 0.85±0.00 and 1.15±0.00) respectively compared 
to the control diet. Carcass proximate composition revealed significance difference among the various 
inclusion level of DPP meal. Crude protein and NFE recorded the highest value of (39.91±0.55 and 
8.44±0.39 respectively) at DPPM 25% (4 g/100g) inclusion level when compared to control. 

 Physicochemical, nutritional and functional properties of the epicarp, flesh and pitted sample 
 of doum fruit (Hyphaene thebaica). Journal of Food Nutritional Resources. 2,180 -186.

CONCLUSION 

Fig 1: Carcass composition of O. niloticus fed different inclusion level of H. thabaica pulp meal 
before and after feeding with the experimental diet (g/100g DM)
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RECOVERY PERIODS AFTER INDUCEMENT OF FEMALE CLARIAS 
GARIEPINUS BROODSTOCKS FED DIETS INCLUDED WITH VITAMINS 
C AND E.

Robert, E. A.,  S. O. Ovie.,  O. I. Binyotubo.,  I. Y. Yem.,  N. D. Ago.,  B. M.

INTRODUCTION
Sustainable aquaculture involves using adequate and time-tested techniques, steps and procedures to 
enhance profound productivity (Dickson and Omoregbee, 2021). The development of the fish 
industry will promote increased production and foreign exchange earnings (Alfred et al., 2021). 
Despite recent technologies to boost induced breeding practices and aid successful fish production, 
the challenge of quick recovery of female broodstocks used for induced breeding remains a challenge in 
the sector. This is why the utilization of quality fish feeds that enhance recovery of broodstock after 
induced breeding is important to the sustainability of the fish production process. The current study 
aimed to assess the recovery periods after inducement and fecundity of female Clarias gariepinus 
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The recovery period after induced breeding, for thirty female Clarias 
gariepinus broodstocks stocked in nine 2x2x1m2  concrete tanks, were 
observed for six months. Ten females per treatment T1, T2 and Tc were 
stocked. Treatments were in triplicates. Broodstocks were fed 
experimental feed containing 40% Crude Protein. Vitamin C and 
Vitamin E were added in the experimental feed for treatments T1 and 
T2. Treatment Tc served as the control, without Vitamin C and Vitamin 
E. Clarias gariepinus were fed at 2% of their body weight. Mean initial 
weight (MIW) varied from 1027.14±140.00g to 1029.00±105.00g. 
Mean final weight (MFW) recorded values 1137.00±100.01g to 
1644.00±254.06g. Broodstock recovery began from month four to 
month six; more for the broodstocks in T2 treatment with more egg 
releases due to the presence of Vitamin C and E in higher amounts. 
Broodstock re-use time is recommended from the fourth month after 
being used once, for induced breeding. Percentage fecundity reported 
69.78% for T1 ,  75.51% for T2 ,  and 24.00% for TC. Mean dissolved 
oxygen of the treatments ranged from 5.06-5.80mg/L. Temperature 
ranged from 27.00-27.03 0C while PH was between 6.2-6.33. Lowest 
Survival rate was 90.80% in  treatment TC. This was closely followed 
by high survival  of 91.58% in treatment T1. Treatment T2 maintained 
the highest survival in the study with value 95.20%. This study aimed to 
enlighten aquaculturists on the recovery period and re-use time of 
female Clarias broodstocks after induced breeding, using well-
formulated local feeds. Experimental duration was one hundred and 
eighty-two (182) days.

ABSTRACT

Keywords:
recovery rate, fecundity,
locally formulated feeds,
Clarias gariepinus,
vitamin C, vitamin E
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MATERIALS AND METHODS
This study was carried out using the outdoor concrete tanks of the Fish breeding and Culture program, 
Research Operations Department, National Institute for Freshwater Fisheries Research (NIFFR), 
New Bussa, Niger state. New Bussa is located at 9°53'N 4°31'E coordinates (Robert et al., 2024). 
Broodstocks were also obtained from the Fish Breeding and Culture unit of NIFFR, New Bussa. Source 
of water for this research was from NIFFR's Kigera Dam. Experimental design for this study was a 
factorial design. Fish selection were from nine 2X2X1m2 concrete tanks containing ten female 
broodstocks each, and five male broodstocks all labelled per three treatments T1, T2, T3, totaling 
thirty female broodstocks and fifteen male broodstocks. These fifteen Clarias gariepinus broodstocks 
(five males and ten females) from treatment 1 (T1), treatment 2 (T2) and treatment 3 (TC- control 
treatment) were selected and used for induced breeding. The female fishes selected per treatment, 
were weighed and injected with 0.5ml ovaprim dosage with regards to their body weight in readiness 
for fertilization. After the injection, they were placed back in the holding vats for twelve hours. In 
twelve hours, the female fishes ovulated and were ready to release their eggs. The male Clarias 
gariepinus broodstocks selected per treatment were sacrificed, the testes collected, and cleaned with 
dry tissue paper and further cleaned using saline solution. The injected female fishes were then 
stripped, and the milt from the dissected testes of the sacrificed males were used to fertilize the 
stripped eggs from the females. Female Clarias gariepinus broodstocks used for induced breeding 
were weighed again using a manual HANA 50KG weighing balance before they were returned to nine 
concrete 2X2X1m2 tanks for recovery. In the recovery tanks, broodstocks were fed with Vitamins C 
and E locally formulated diet in varying amounts as seen on Table 1. Data were taken, documenting 
their recovery period and fecundity, monthly. Cases of mortality due to stress and handling were 
minimal. Female Clarias gariepinus broodstocks in recovery were continuously fed with locally 
formulated feeds made up of 40% crude protein; which contained Vitamins C and E for two 
treatments (treatments T1 and T2) in varying amounts: with 0.030kg of Vitamin C and 0.005kg of 
Vitamin E  for Treatment T1 ,  0.300kg of Vitamin C and 0.005kg of Vitamin E for Treatment T2  and 
0.00kg of Vitamin C , 0.00kg of Vitamin E for the control treatment (TC) as also seen on Table 1.  
Feeding was carried out twice a day-morning and evening. The female Clarias gariepinus broodstocks 
used in this study were sampled monthly, using drag nets, scoop nets, big bowls to carry the 
broodstocks and a manual weighing balance for body weight measurements. Fish' readiness to release 
eggs for subsequent induced breeding was ascertained by gently pressing the female abdomen. Once 
pressed monthly, if the eggs are released with little pressure, then the female broodstocks are deemed 
ready. Determination of fecundity by female Clarias gariepinus broodstocks monthly, was carried out 
using a XPS series 500X microscope. Eggs released were manually counted and estimated (Robert et 
al., 2021). Total lengths and standard lengths were measured using a ruler to the nearest 0.1cm (Robert 
et al., 2019). Growth  of  fish were monitored  using the following  indices below:

broodstocks fed diets included with vitamins C and E. 

Where: TW=Total Weight of fish

Mean Initial Weight (MIW)=

TN=Total number of fish                        (Ovie et al., 2014; Robert et al., 2021).

MIW= Mean Initial Weight                         (Bake et al., 2014; Robert et al., 2021).

Mean Weight Gain (MWG) = MFW - MIW
Where: MFW=Mean Final Weight 

TW
TN
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Percentage Mortality (% mortality)

Where: CM=Cumulative Mortality
TnS=Total Number Stocked  
     (Okomoda et al., 2017; Robert et al., 2021).

Percentage Survival (% survival)

 Feed Conversion Efficiency (FCE)=

Where: CS= Cumulative Survival

NM= number of mortalities   (Okomoda et al., 2017; Robert et al., 2024).

D=Feedings Period in days  (Bake et al. 2014)

TnS= TotalNumber Stocked   (Okomoda et al., 2017; Robert et al., 2024).

Fecundity (F)=

Survival Rate (SR) = NS-NM 
Where: NS= number of fish stocked

Where: FW= Final weight of experimental fish

log IW = log  initial weightn n

          D
Where: log FW=log  final weightn n

Specific Growth Rate % day (SGR)= log, FW-log IW x 100n n

WF= Weight of feed given during experimental duration (Abaho et al., 2020).

 D=Rearing duration in days    (Yakubu et al., 2014)

Data were subjected to one way analysis of variance (ANOVA) (Ojuwoni et al., 2019). Duncan 
Multiple range test was used to compare means (Yakubu et al., 2014). Analysis for regression was also 
computed (Nwachi et al., 2020). 

 Performance Index (PI) =

Ne-Number of eggs in subsample (Jan and Ahmed, 2016; Robert et al., 2024)

Where: SR= Survival Rate

IMW= Initial mean weight

Where; OW-Ovary Weight

FMW = Final mean weight

SsW= Subsample weight
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Table 1:  Feed Composition with varying amounts of  Vitamin C and E
RESULTS 

Ingredients TC(Kg) T 1(Kg) T 2 (Kg)

Fish meal 15.00 15.00 15.00

Soyabean meal 20.00 20.00 20.00

Groundnut cake 27.00 27.23 27.23

11.00 11.735 11.465

Maize 20.00 20.00 20.00

Oil 2.00 2.00 2.00

Bone meal 1.00 1.00 1.00

Starch 2.00 2.00 2.00

Premix 2.00 1.00 1.00

Vitamin C 0.00 0.030 0.300

Vitamin E 0.00 0.005 0.005

Table 2:  Fecundity rates of Clarias gariepinus broodstocks at the end of six months

Treatments Fecundity % Fecundity

T 1 34168.17± 61 40 .11b 69.7 8%

T 2 38209.03 ±5 23.00 c 75. 51%
TC 15046.00± 978 .12 a 24 .00%

Values in the same columns  with different superscript are  significantly different (p<0.05).

Table 3:  Growth performance  of  female Clarias gariepinus  broodstocks during recovery
                            

Treatments T 1 T 2 TC

MIW (g) 1028.00±150.01 a1027.14±140.00a 1029.00±105.00a

MFW(g)
1380.00±100.00 

a 1644.00±254.06 b 1137.00±100.01 a

MWG (g) 352.00±50.01b 437.11±41.00 c 216.00±0.50a

% SGR 3.14±0.00 b 3.22±0.00c 3.06±0.00a

FCR 1.420±0.00 b 1.144±0.00 c 2.315±0.00a

FCE 2.76±0.00 a 3.28±0.00 a 2.27±0.00a

PI 126.37±751.64a 182.50±168.13b 103.23±539.56a

PI 6.9±0.00 a 6.9±0.00a 6.9±0.00 a

 survival rate, %SR =%survival rate, %SGR = %specific growth rate, FCR=feed conversion ratio,
           FCE=feed conversion efficiency, PI= performance index and CF=condition factor

Values in the same columns  with different superscript are  significantly different (p<0.05).
MIW=Mean initial weight (g), MFW= mean final weight (g), WG =weight gain (g), SR= 
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Table 4:  WATER QUALITY PARAMETERS
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Treatments Temperature  (°C) DO (mg/L) ρН

T 1 27. 00 ± 0.00a 5.06 ±0.0 a 6. 2±0. 28 a

T 2 27. 03 ±0.01 a 5.21±0.0a 6.3±0.04 a

T C 27.0 2 ±0.00 a 5.80 ±0. 01a 6.33 ±0. 00 a

Values in the same columns  with different superscript are  significantly different (p<0.05).

                Month Five -April, Month Six-May

Table 5: Proximate Analysis of the local formulated 6mm diet with varying amounts of Vitamins C and E

                Month One-December, Month Two-January,  Month Three -February, Month Four-March, 
                Figure 1: Weight gain of  Thirty (30) female Clarias gariepinus broodstocks during recovery 

Treatme

nts  

%Moist

ure 

content

% Ash 

content

% Crude 

fibre

%Crude 

protein 

% Crude fat %NFE

T 1 3.42 ± 

0.07 b

7.29±0. 07 c 4.04±0. 21 b 40 .05±0. 50 b 5.00±0.0 0 a 30 .00 ± 0.0 0 c

T 2 3.21

±0. 10 a

7 .52± 0. 06 b 4.17±0. 01 c 40 .09±0. 44 c 5.0 1±0.0 3b 30 .29±0.1 3 a

T C 3.60

±0. 33 c

6.66 ± 0. 00 a 3.87 ±0. 15 a 40. 01± 0. 36 a 5.01±0. 11b 30.34 ±0.07b

DISCUSSION
At the end of the experimental period, the highest feed conversion efficiency (FCE) (3.28±0.00) was 
observed in Treatment T2  with 0.300kg of Vitamin C and 0.005kg of Vitamin E. The highest feed 
conversion ratio (FCR) (2.315±0.00) were observed in Treatment Tc  with 0.00kg of Vitamins C and 
E. The highest Condition factor (CF) recorded 7.18±0.00 as observed in Treatment T2 . In the month 
of February-the third month of the study, female Clarias gariepinus broodstocks stopped releasing 
eggs due to the dry weather conditions in New Bussa, Niger state of Nigeria where this study was 
carried out. It was also observed during the study that the female broodstocks in Treatment T2 showed 
high fecundity in December even though it was the beginning of the harmattan season. This success 
could be attributed to the presence of 0.300kg of Vitamin C and 0. 005kg of Vitamin E in the diet of 
the female broodstocks as seen in Treatment T2 (see Table 1). Female Clarias gariepinus broodstocks 
stopped releasing their eggs in the dry season–(late January to late March). At the onset of the rainy 
season, as was  seen in the months of April/May, the fifth and sixth months, more eggs were released by 
the female broodstocks fed with Vitamins C and E. Treatment T2 however, did release a few eggs by 
March, the 4th month. Summarily therefore, fish in Treatment (T2) showed highest fecundity of 
75.51% and fish in Treatment (T1) showed higher fecundity of 69.78%. Fish in Treatment C (TC) 
showed a fecundity of 24.00%.  This report was in agreement with Robert et al. (2021) whose earlier 
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INTRODUCTION
Catfish aquaculture industry is a formidable economic business in Nigeria, but its future development 
is still been hampered by availability of affordable and high-quality feed (Olanrewaju et al., 2015). This 
implies that for aquaculture to be highly successful and meet the nation's goal for self-sufficiency in fish 
production, there is need for good quality and inexpensive feed to encourage investors. Dwyer et al., 
(2002) asserts that good quality feed at optimum feeding frequency enhance utilization of diets 
resulting in good growth rate and feed utilization in African catfish. Poor quality fish feed, however, 
leads to leaching of nutrients, reduction in feed conversion ratio and increase in input list (Yakubu et 
al., 2013). More so, low-quality feed give rise to accumulation of wastes that adversely affect the water 
quality and fish well-being. This has continued to drive interest in research and technology to address 
the problems and bring forth efficient and effective use of fish feed. 
Culture of fish in pond is receiving a lot of attention in Borno State, Nigeria (Olanrewaju et al., 2009) 
and it require adequate quality feed to support the growing production phases. Meanwhile, the 
effective production of Clarias gariepinus in the area has been inhibited by the high cost of imported 
feed and the non-availability of affordable locally made high-quality fish feeds. However, the quest to 

Keywords:
Fish culture, commercial
feeds, growth indices,
survival rate, water quality,
Maiduguri

ABSTRACT
This study investigates economic and growth performance of Clarias 
gariepinus juveniles fed three different commercial feeds. Triplicate 
groups of 30 fingerlings (4.29±0.31 g) were assigned each to plastic 
aquaria (2.9 m3) representing different commercial feeds as 
treatments CP, AQ and BC. Fish were fed twice daily at 5% body 
weight for 84 days. Growth parameters such as Mean Weight Gain 
(MWG), Specific Growth Rate (SGR) and Feed Conversion Ratio 
(FCR) were calculated using standard formula. Survival rate, 
incidence cost and profit index were determined following standard 
formula. Significantly highest MWG (p<0.05) was recorded in 
fingerlings fed on BC (65.90±2.45 g) and CP (60.03±2.29 g) feeds. 
The SGR (1.44±0.07 %) and FCR (1.21±0.01 %) of C. gariepinus 
were best in fish fed BC. Survival rate was slightly higher with AQ 
feed (100 %) than treatments CP and BC with the same value (96.12 
%). Profit index and incidence of cost highly favoured BC feed. This 
study suggests that BC feed is the best in terms of growth and 
economic performance. It is therefore, recommended that further 
studies be conducted to compare cost of feeding to adult stage.
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Table 1. Macronutrient composition of three commercial feeds used (Manufacturers label)

The experiment was conducted in 2021 inside the Fish Hatchery Complex of Federal College of 
Freshwater Fisheries Technology, Baga, Borno State, and the feeding trial lasted for 84 days. Two 
hundred and seventy fingerlings of C. gariepinus (4.29±0.31 g) were obtained from the College 
hatchery facility. The fish were fasted for 24hrs before distributed into experimental tanks filled with 
freshwater from hatchery. Nine rectangular plastic aquaria (2.9 m3) were supplied with dechlorinated 
freshwater and changed every 72 hours to ensure good water quality and prevent ammonia build-up. 
Thirty (30) fish were randomly stocked into each tank, which were covered with a net of 2 mm mesh 
size to protect the fish from jumping out of the tank. Prior to starting the experiment, the fish were 
starved for 24 hours before they were individually weighed to obtain the initial weight. The research 
design was 3 x 3 Completely Randomized Design (CRD). The feeds were assigned to triplicate groups 
of fish. Three aquaria for each treatment of feed with diets CP, AQ and BC were used. The 
macronutrient composition of the three commercial feeds used is shown in Table 1. The fish were fed 
with 2mm size of various treatment feed (Table 1) at 5% of total body weight per day, as recommended 
by Adewolu and Olakunle (2009), with half daily ration fed to the fish at 0800 h and the other half at 
1700 h. Feeding was generally completed in 5–10 mins. Fish were reweighed weekly and feeding rate 
was adjusted accordingly with the use of 200g weighing scale (Scout Pro SPU202 Model). Water 
temperature, pH and dissolved oxygen concentrations in water were monitored twice a week, while 
ammonia and nitrate were measured week in each of the treatment tanks. Temperature was measured 
using a mercury in-glass thermometer. pH and dissolved oxygen were measured with a pH meter 
(BICASA model B.E.104), while nitrite and nitrate were determined in the laboratory as described by 
APHA (1995). 

MATERIALS AND METHODS

provide adequate feed have been high and, there are many brands of fish feed available in the market. 
These feeds vary in nutrient composition, price, and efficacy, and many could not meet the 
expectations of good growth in fish. Therefore, fish farmers with this situation are in serious 
conundrum, hoping for intervention in research. It is against this backdrop, that this study was carried 
out to compare the growth performance and survival of C. gariepinus fingerlings fed three different 
commercial feed in Maiduguri, Nigeria. The results from this study will provide baseline information 
that will assist farmers, regulatory agencies, and other stakeholders in the aquaculture business in the 
State, and Nigeria as a whole.
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Variable
Fish feeds

CP AQ BC
Feed size (mm) 2.0 2.0 2.0 
Crude Protein (%) 42.00 45.00 45.00 
Crude Fat (%) 13.00 8.00 8.00 – 12.00 
Ash (%) 7.70 8.00 8.00 
Moisture (%) - 8.00 8.00 
Fiber (%) 1.70 2.00 – 4.00 2.00 – 4.50 
Calcium (%) 1.10 1.50 – 2.00 1.50 – 2.00 
Phosphorus (%) 1.07 1.10 1.10 
Sodium (%) 0.20 0.30 0.30 

Growth and nutrient utilization parameters were assessed in terms of Mean Weight Gain (MWG), 
Specific Growth Rate (SGR), Food Conversion Ratio (FCR) and Survival Rate (SR) following the 
formulae used by Akinwole and Faturoti, (2006). The cost-effectiveness of feeds used in the present 
study was assessed by calculating the cost of feed based on market price. The incidence cost and profit 

338



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

The growth performance and nutrient utilization efficiency of Clarias gariepinus juveniles fed 
different commercial feeds are presented in Table 2. Final weight ranged between 912.33±75.59 g and 
1119.67±37.29 g in the three commercial feeds and was significantly lower (p>0.05) in AQ 
compared to CP and BC feeds. The final weight gain was significantly varied between the investigated 
feeds (p<0.05) with BC and AQ feeds had the highest (1050.33±39.37 g) and least (912.33±75.59 
g) values respectively. The specific growth rate (SGR) varied significantly among the three commercial 
feeds (p<0.05). The BC gave the highest SGR (1.44±0.07 %), while AQ feed had the least 
(1.29±0.05 %). Similarly, the feed intake was significantly higher in CP (277.48±1.73 g feed/fish) 
compared to AQ (251.10±2.84 g feed/fish) and BC diets (217.73±4.41 g feed/fish). A considerable 
variation was also noted in the Feed conversion ratio (FCR), which ranged from 1.21±0.01 – 
1.30±0.03 %. The BC feed had the best FCR value of 1.21±0.01%. The survival rate during the 
experiment was between 94.12% – 100% (Figure 1). The highest survival rate was recorded for fish fed 
AQ feed followed by CP and BC feeds. However, there was no significant difference in survival rate 
between the experimental sets (p>0.05). Table 3 shows the economics of the three commercial feeds 
during the feeding experiment. The estimated feed input was significantly highest in experimental 
group fed CP (0.274±0.00 kg) while the lowest was recorded in fish groups fed with BC feed 
(0.219±0.00 kg). The CP feed have the highest costs per kilogram (N2000.00), followed by BC 
(N800.00) while the least was AQ (N650.00). Estimate cost of feeding was markedly highest 
(p<0.05) in fish fed CP (N546.67±11.55) while the least value occurred in fish group fed with AQ 
(N162.50±0.00). However, there were no significant 

Table 2. Mean growth performance and nutrient utilization efficiency of C. gariepinus juveniles fed 
different commercial feeds

index were estimated following the formular of Faturoti and Lawal (1986). Data from the experiment 
were subjected to descriptive and one-way analysis of variance and presented as Mean±Standard 
deviation (S.D). Fisher's LSD was further used to evaluate the mean differences at �0.05 significant 
level. Statistical analysis was performed using SPSS software statistical program version 20.0 (SPSS 
Inc., Chicago, IL, United States of America).

RESULTS

Variable
Feeds

CP AQ BC
Initial Weight (g) 70.67±3.06a 71.00±1.00a 69.33±8.33a

Initial mean Weight (g) 4.39±0.18a 4.41±0.06a 4.08±0.49a

Mean Weight gain (g) 60.03±2.29a 49.10±4.61b 65.90±2.45a

Final weight (g) 1030.67±38.84a 912.33±75.59b 1119.67±37.29 a

Final mean weight (g) 64.42±2.34a 53.51±4.56b 69.98±2.33a

Final weight gain (g) 956.00±36.35a 834.67±78.36b 1050.33±39.37a

Specific growth rate (% day-1) 1.36±0.01ab 1.29±0.05b 1.44±0.07a

Feed intake (g feed/fish) 277.48±1.73a 251.10±2.84b 217.73±4.41c

Feed conversion ratio 1.29±0.01a 1.30±0.03a 1.21±0.01b

Means across the same row differently subscripted differ significantly (P < 0.05). Values are means ± 
SD.
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(differences (P>0.05) in cost of feeding among fish fed on AQ and BC feeds. The highest Profit Index 
(6.14±0.34) and least Incidence of cost (2.48±0.13) was recorded in fish fed on Blue Crown feed. 
The physicochemical water quality parameters of fish culture environment in each treatment aquaria 
were presented in Table 4. Dissolved oxygen level in treatments CP (5.30±0.42 mg/l) and AQ 
(5.29±0.39 mg/l) aquaria was significantly higher (p<0.05) while treatment BC (4.91±0.47 mg/l) 
had the least. The highest pH concentration was found in treatments BC (7.65±0.29) and AQ 
(7.65±0.23) while treatment CP showed the least (7.53±0.24). However, pH concentration was not 
significantly different (p>0.05) in all the treatment aquaria. Temperature ranged from 28.17±0.72 
oC (CP) to 28.33±0.49 oC (AQ) and varied non-significantly (p>0.05) among the different 
treatment tanks. Significant higher (p<0.05) concentration of nitrate was detected in treatment BC 
(12.90±5.12 mg/l) while treatment CP had the least (4.57±1.05 mg/l). The mean nitrite values 
varied from 0.02±0.01 mg/l to 0.03±0.03 mg/l. There was no significant variation in mean nitrite 
values among the three treatments (p>0.05).

Knowledge of fish growth (i.e., weight gain) is of vital importance for obtaining high yield of fish, which 
is an indication of better nutrient utilization. In this study, it was observed that the mean weight gain of 
the fish was significantly highest in BC (65.90±2.45 g) and CP feeds (60.03±2.29 g) as compared to 
AQ feed (49.10±4.61 g). The high weight gain of catfish fingerlings observed in BC diet could be 
attributed to its balanced nutritional content and the availability of amino acids responsible for growth. 
Previous studies have reported high weight gain in 

Table 3. Economic performance of the three commercial feeds used in the study

 

DISCUSSION

Figure 1. Survival rate of C. gariepinus juveniles fed different commercial feeds
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Parameters
Treatments

CP AQ BC
Feed input (kg) 0.274±0.00a 0.251±0.00b 0.219±0.00c

Cost of feed per kg (N) 2000.00 650.00 800.00
Cost of feed used (N) 546.67±11.55a 162.50±0.00b 173.33±4.62b

Incidence cost 8.49±0.15a 3.05±0.25b 2.48±0.13c

Profit index 1.79±0.03c 5.32±0.45b 6.14±0.34a

Means across the same row differently subscripted differ significantly (P < 0.05). Values are means ± SD.
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Table 4. Water quality parameters of C. gariepinus juveniles fed different commercial diets

Water parameters
Treatments

CP AQ BC
Dissolved Oxygen (mg/l) 5.30±0.42a 5.29±0.39a 4.91±0.47b

pH 7.53±0.24a 7.65±0.23a 7.65±0.29a

Temperature (oC) 28.17±0.72a 28.33±0.49a 28.25±0.45a

Nitrate (mg/l) 4.57±1.05c 8.45±0.60b 12.90±5.12a

Nitrite (mg/l) 0.03±0.03a 0.03±0.01a 0.02±0.01a

Means across the same row differently subscripted differ significantly (P < 0.05). Values are means ± SD.

Coppens (Agokei et al., 2011) for Clarias gariepinus juveniles, Vita feeds (Jamabo and Dienye, 2017) 
for C. gariepinus fingerlings and Coppens (Wokeh et al., 2020) for post-fingerlings C. gariepinus. 
However, there is no documented work on Blue crown which can be used in comparison to the present 
study. Specific growth rate (SGR) measures growth performance over a long period of time as against 
the average daily growth which is a daily effect. Therefore, specific growth rate become a better 
parameter to determine which treatment would be the best for the optimum production of C. 
gariepinus. According to present study, the specific growth rate varied among the tested diets but was 
significantly higher in BC feed compared to others. It seems however that there is close homogeneity in 
the SGR values of fingerlings fed on BC and CP feeds as shown from statistical analysis. Similar higher 
SGR value were obtained in Coppens feed by Agokei et al. (2010) for C. gariepinus (3.19±0.00 %) 
fingerlings as against other commercial feeds compared in their study. In another report, Cheikyula et 
al. (2020) observed similar SGR value in Oreochromis niloticus fingerlings fed on Blue crown feed 
(0.323±0.01 %) and Skretting feed (0.323±0.01 %). Jamabo and Dienye (2017) also found 
significant high SGR value in Clarias gariepinus fingerlings fed with Coppens as against other 
commercial feeds used in their study.

The survival rate recorded in this study was generally high in all treatments. Therefore, C. gariepinus 
survival is not likely to be affected by the treatment diets. The high survival rate in this study could be 
associated to proper nutrients in these feeds, proper handling of fish and possibly tolerable physico-
chemical qualities of the culture water (Falaye et al., 2011). Although, the marginal difference in 
treatments fed on CP and BC feeds could be as a result of fish jumping out of tanks which was observed 
during experiment. Previous studies have reported high survival rate of 93.33 % in Coppens (Agokei et 
al., 2010; Jamabo and Dienye, 2017) for C. gariepinus fingerlings. The economic performance of the 
various experimental feed based on profit index and incidence of cost revealed that BC feed is the best. 
In this study, water quality parameters such as dissolved oxygen, pH, temperature and nitrite were 
within the optimum range in all the treatment tanks (Omitoyin, 2007). Thus, the tested feeds do not 
have any adverse effect on the growth of catfish fingerlings.  However, the level of nitrate was above 
the tolerable limit (0.1 – 3 mg/l) for fish culture as recommended by Boyd (1998). This source of 
nitrate content may be traced to the source of water rather than the treatment diets.

In fish culture, Feed Conversion Ratio (FCR) is important because it help the farmer to know how much 
amount of feed will be required in the growth cycle of fish. Hence, it serves as a powerful tool by letting the 
farmer know what choices he should make in order to maximize the profitability of his business. However, 
a low FCR is a good indication of a high-quality feed (Ajani et al., 2015). The FCR observed in this study 
significantly varied among the experimental diets and was highest in BC feed. In the results of Jamabo and 
Dienye (2017), significant high growth performance of Clarias gariepinus fingerlings was found in Vital 
feed (0.41) as compared to other feeds investigated. Ajiboye et al., (2015) also report the best FCR value 
(0.09±0.05) in Coppens among other feeds tested in their study. However, Cheikyula et al. (2020) report 
no significant variation in the FCR obtained in Oreochromis niloticus fingerlings fed on Blue crown feed 
(15.42±0.51 %) and Skretting feed (15.18±0.52 %).
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The Food and Agricultural Organization (FAO) of the United Nations has reported that Nigeria is the 
largest producer of C. papaya globally (FAO, 2019). The fruit contains papain, a proteolytic enzyme that is 
also used in the treatment of trauma, allergies and spot injuries (Parle and Gurditta, 2011). Several 
vitamins including Vitamin A, Vitamin C and Vitamin E are predominantly found in the fruit. These 
substances are useful in nutrition and also have documented antioxidant activities (Rajasekhar, 2017). The 
seeds of C. papaya been reported to possess several health benefits including antimicrobial and antifungal 
activities (Ukaegbu-obi et al., 2018The objective of the present study is to carry out a preliminary 

INTRODUCTION
The leaf, seed, stem bark and root are believed possess medical benefits. The seeds are black and 
enclosed in a transparent aril. The seed is considered as carminative, abortifacient, emmenagogue, 
counter irritant and vermifuge (Singh and Ali, 2011). The seed of Carica papaya has both nutritional 
and therapeutic benefits (Joachim et al., 2013). The seed is reported to have antibacterial and 
antifungal properties (Kanadi et al., 2021). Kanadi et al. (2019) reported that C. papaya seed possesses 
preventive measures against potassium bromated induced renal toxicity in rats. It is of great 
importance to assess the nutritive and medicinal use of this plant for improved usage.
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Pharmaceutical sciences have in recent years seen an increase in 
scientific literature due to the renewed interest in food plants with 
several medicinal uses. The aim of this study is to determine the 
nutritional value and the phytochemical composition of C. papaya. Ten 
(10) unripe pawpaw fruit was purchase and cut open and the seeds 
were removed, dried (at room temperature) and ground to powder 
form in a clean mortar and pestle. The proximate analysis and 
phytochemical screening were done using standard methods. The 
result of phytochemical screening showed that phenol, quinone, 
terpenoid, steroid, and triterpenoid were not present. Tannin, saponin, 
reducing sugar, and glycoside were moderately present in the pawpaw 
seeds. Alkaloid and flavonoids were highly present. Proximate analysis 
showed that it had high crude protein. The moisture content of the 
pawpaw seed was within the range of 4.738-5.264%, ash content was 
between 11.048-12.848, and Crude fiber was within the range of 
9.406-10.624%. Crude protein was found to be between 26.349-
27.536%. Crude fat was between 13.867-14.924% NFE was at the 
range of 30.426- 30.938. This study shows that Carica papaya seed 
contains many nutritional and phytochemical active compounds that 
are essential to fish nutrition and human.

ABSTRACT

Keywords:
Carica papaya,
phytochemical,
nutritional value
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The study was conducted in the Fish Biotechnology Laboratory Department of Aquaculture and 
Biotechnology of the National Institute for Freshwater Fishery Research, New Bussa, Borgu Local 
Government, Niger state. 

investigation on matured C. papaya seed to determine its proximate composition and phytochemical  
constituents. This is important because awareness on the nutritive value and health benefits of C. papaya 
seed is of utmost importance in order to enhance its nutritional and medicinal use.

MATERIALS AND METHOD
Study Area

Source: Research gate, 2010

Sample Collection

To establish the quantity and quality of bioactive constituents inhering in pawpaw seeds were subjected 
to phytochemical analysis at the NIFFR Central Laboratory by referring standard protocols

The was done to check the proximate composition of pawpaw seeds, such as ash content, crude fiber, 
crude protein, crude fat, nitrogen free extract, moisture content using method described by 
Association of Official Analytical Chemist, AOAC (2019).

RESULT AND DISCUSSION

Map of Borgu Local Government Area, New Bussa, Niger State Showing the Study Area Source. 

Ten (10) unripe pawpaw fruit was purchase at Monday market, New Bussa Town, and transported to 
the laboratory. The fruits were cut open with table knife in the lab and the black seeds where collected 
by scrubbing the pod and it was poured in a tray to dry at room temperature (25oC), measured using a 
thermometer. After drying, the seed where grind using mortar and pestle and subjected to extraction 
using 95% ethanol.
Phytochemical Analysis 

Proximate Analysis 

Table 1: Proximate Analysis of C. papaya
Moisture         Ash                 Crude            Crude Crude     Nfe

Content (%) Content (%) Fibre (%)     Protein (%) fat (%)     (%)

Concentration     4.96±0.27 11.96±0.90             9.79±0.29             27.13±0.67     14.25±0.58    31.92±2.15
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Alkaloids are the most important secondary metabolites and have a therapeutic potential of curing 
diseases (Olanitola et al., 2018). Flavonoids are lipophilic, capable of interrupting cell wall and 
membrane formation with inhibition of enzymatic activity by formation of complexes with cell wall of 
the bacteria (Olanitola et al., 2018).

The result for proximate analysis for pawpaw seed showed that the pawpaw seeds had high protein 
content. The moisture content of the pawpaw seed was in moderate range. This finding is in agreement 
with previous reports (Azevedo et al., 2014; Oche et al., 2017). Dietary fiber is found in the seed and 
fiber helps in the removal of toxins from the digestive system, help in lowering of cholesterol 
(Wulansari et al., 2019) and proper functioning of large intestine and protect the gastrointestinal tract 
from disorders and cancer cells (Otles and Ozgos, 2014).

Keys: +++ = Highly present ++ = moderately present + = slightly present - = Absent

The results for phytochemical screening showed that phenol, quinone, terpenoid, steroid, and 
triterpenoid were not present in pawpaw seeds. Tannin, saponin, reducing sugar, and glycoside were 
moderately present in the pawpaw seeds. While alkaloid and flavonoids were highly present. Carica 
papaya seed were found to be a rich source of phytochemicals and these phytochemicals are helpful as 
anti- proliferation of cancer cells, shielding against cellular oxidative injury and help in reducing the risk 
of non-communicable diseases (Olcum et al., 2020).

This study shows that Carica papaya seed was found to be a rich source of phytochemicals and these 
phytochemicals are helpful as anti- proliferation of cancer cells, shielding against cellular oxidative 
injury and help in reducing the risk of non-communicable diseases. Its nutritional value was also found 
contain bioactive compounds that are essential to human health.

National Institute for Freshwater Fisheries Research (NIFFR) for giving me the right environment and 
guide throughout this research work.
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Table 2: Phytochemical Parameters of Pawpaw Seeds
Phytochemical                Result

Alkaloid +++ 

Flavonoid +++ 

Tannin ++ 

Saponin ++ 

Phenol –

Quinone –

Terpenoid –

Reducing sugar ++ 

Steroid –

Triterpenoid –

Glycoside ++
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Aquaculture is a rapidly expanding global food production sector, marked by increasing intensification 
in nearly every region worldwide (FAO, 2020). This growth has not kept pace with the rising demand 
for aquatic fish food driven by the continuous increase in the global population. This is partly due to 
challenges in production management, among other factors (Munguti et al., 2021). African mud 
catfish (Clarias gariepinus) stands out as a significant freshwater species due to its high production 
levels and strong disease resistance in several countries (Esa et al., 2023). Fish feed accounts for 
roughly 40-60% of production costs in aquaculture (Fadri et al., 2016). Fishmeal is the primary 
component in fish feed and it has been the main protein source in fish diets due to its high-quality 
protein content, essential amino acids, vitamins and minerals (Abdelghani, 2003; Gatlin et al., 2007). 
High cost of fishmeal in recent time has made it impossible to support the growth of aquaculture 
(Hardy and Tacon, 2002). Therefore, insect sources are being explored as an alternative to fishmeal in 
fish diets. Consequently, recent research primarily focused on replacing fish meal with insect meal in 

INTRODUCTION
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ABSTRACT
This study investigated the substitution of fishmeal with variegated 
grasshopper meal (VGM) in the diets of African mud catfish (Clarias 
gariepinus) juveniles. Five diets were formulated using VGM at 0%, 25%, 
50%, 75%, 100% and designated diets I, II, III, IV and V, respectively. The 
juveniles (mean weight 6.92±0.23 g, n=15) were stocked per treatment in 
triplicates after acclimatization for 2 weeks and fed at 5% body weight for 84 
days. The total length and standard length were measured using metre rule 
and measuring scales. The final mean weight gain (FMWG), specific growth 
rate (SGR), protein intake (PI) and feed conversion ratio (FCR) were 
evaluated. FMWG varied significantly, with the highest values 
(34.26±1.45g) in fish fed diet III and the least (19.28±5.91g) in diet V. 
Highest SGRs (2.79±0.19%/day) was observed in fish fed diet I and while 
the least value (1.58±0.57%/day) was observed in fish fed diet V.  Highest 
PI (22.16±2.66) was observed in fish fed diet I and while the least value 
(13.99±0.75) was observed in fish fed diet V. Highest FCR (1.94±0.62) 
was observed in fish fed diet V and the least value (1.42±0.15) was observed 
in fish fed diet IV. The 50% inclusion of grasshopper meal (diet III) 
significantly enhanced the growth performance of fish. Therefore, VGM 
could replace fishmeal at 50% level.

Keywords:
Fish nutrition,
biological evaluation,
feed metabolism,
insect meal,
Clarias gariepinus

348



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

fish diet formulations. This study therefore, aimed to evaluate the effect of variegated grasshopper 
(Zonocerous variegatus) meal on growth performance and nutrient utilization of Clarias gariepinus 
juveniles.

The adult variegated grasshoppers were harvested from the wild in Adekunle Ajasin University school 
farm. Harvested grasshopper (male and female) were placed into a jute bag and then lowered into a pot 
containing boiled water (95oC) for 7 minutes. After which the grasshoppers were sundried for two 
weeks and milled using industrial blender (model VTCL 750 watts). The resultant meal was sieved 
using 1 mm sieve to remove the chaff and to ensure a homogenous size profile (Alegbeleye et al. 2012). 
Other feed ingredients include; maize, soybeans, starch, minerals and vitamin premix were mixed 
together and pelletized into different diets based on the following proportions 0%, 25%, 50%, 75%, 
100% and coded as I, II, III, IV and V, respectively (Table 1). The wet pellets were dried for three days 
at room temperature, packaged in an air-tight container, and stored in the refrigerator until use as 
adapted from Folorunso et al., (2024).

MATERIALS AND METHODS

Diet Formulation

Experimental site
The study was carried out at the Central Laboratory, Department of Fisheries and Aquaculture, 
Adekunle Ajasin University, Akungba Akoko, Nigeria. The university is located on Latitude 7029' 
4.25” N. Altitude, 317 meters above sea level. Longitude 50 45' 14.34” E.

Table 1: Gross composition of variegated grasshopper meal-based experimental diets (%) 

Ingredients Diet I Diet II Diet III Diet IV Diet V
Soybean meal 30.00 30.00 30.00 30.00 30.00

Grasshopper meal 0.00 10.90 21.70 32.60 43.40

Fish meal 40.00 30.00 20.00 10.00 0.00

Maize 12.00 12.00 12.00 12.00 12.00

Di-Calcium Phosphate (DCP) 0.50 0.50 0.50 0.50 0.50

Lysine 0.60 0.60 0.60 0.60 0.60

Methionine 0.40 0.40 0.40 0.40 0.40

Salt 0.10 0.10 0.10 0.10 0.10

Vitamin C 0.50 0.50 0.50 0.50 0.50

Toxin Binder 0.30 0.30 0.30 0.30 0.30

Starch 14.10 13.20 12.40 11.50 10.70

Fish Oil 0.50 0.50 0.50 0.50 0.50

Premix 0.50 0.50 0.50 0.50 0.50

Chromium oxide 0.50 0.50 0.50 0.50 0.50

Total 100.00 100.00 100.00 100.00 100.00

A total of 350 C. gariepinus juveniles, with average weight of 6.92±0.23g, were procured from a 
reputable Farm in Ondo State and acclimatized for 14 days prior to the commencement of the 
experiment. The juveniles were assigned to five diets in three replicates in a completely randomized 
design. Fifteen plastic tanks (50L capacity and dimensions of 65 cm by 40 cm by 30 cm) were stocked 
with a total of 225 juveniles of C. gariepinus at 15 fish per tank. They were fed twice daily at 08:00 and 
17:00 hours. The quantity of feed was adjusted based on the new weight attained after two weeks. 
Changes in the weight and length of the fish were measured using metre rule and weighing scale 
fortnightly as reported by Folorunso et al., (2024). 

Experimental procedure
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All data were subjected to statistical analyses such as arithmetic mean and Analysis of Variance 
(ANOVA). Duncan multiple range test was used to compare differences among individual treatment 
means using SPSS statistical software (Version 17.0 for Windows; SPSS Inc., Chicago, USA). 

Statistical Analysis

RESULTS
The result showed significant differences among the growth parameters of the fish fed VGM diets. 
The final weight, final mean weight gain and specific growth had the highest values (454.17±35.88g; 
346.54±34.97g; 2.79±0.19) from fish fed Diet III and the lowest values (231.64±56.99g; 
123.60±56.52g; 1.58±0.57) from fish fed Diet I. Feed intake, protein intake and protein efficiency 
ratio had the highest values (55.39±6.66; 22.16±2.66; 0.93±0.12) from fish fed diet I and the lowest 
values (34.98±1.86; 13.99±0.75; 0.48±0.15) from the fish fed Diet V. the highest survival value 
(97.78±3.85) was recorded in Diet II  and the lowest value (77.78±7.69) in Diet I as shown in Table 2.

Table 2. Growth performance and nutrient utilization of C. gariepinus fed with variegated grasshopper 
meal diets.
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Parameters Diet I Diet II Diet III Diet IV Diet V

Initial weight 105.69±1.41a 107.51±1.11a 107.63±0.91a 108.05±1.26a 108.04±0.47a

Final weight 444.20±41.99a 387.08±72.88a 454.17±35.88a 401.58±22.54a 231.64±56.99b

Weight gain 338.51±40.58a 279.57±71.77a 346.54±34.97a 293.53±21.28a 123.60±56.52b

FMWG 33.27±4.74a 26.46±5.29ab 34.26±1.45bc 29.29±2.59b 19.28±5.91c

SGR 2.79±0.19a 2.15±0.36ab 2.56±0.08bc 2.30±0.16bc 1.58±0.57c

RGR 437.76±62.92a 269.29±74.67ab 363.59±21.55bc 299.38±38.87b 167.60±81.70c

CF 0.82±0.05a 0.76±0.02a 0.71±0.10a 0.87±0.15a 0.70±0.18a

Survival 77.78±7.69b 97.78±3.85a 91.11±7.69ab 93.33±11.55ab 82.22±13.88ab

Feed Intake 55.39±6.66a 47.48±7.30ab 52.52±1.01a 42.91±2.14ab 34.98±1.86b

Protein Intake 22.16±2.66c 18.99±2.92bc 21.01±0.40c 17.16±0.86ab 13.99±0.75a

PER 0.93±0.12c 0.63±0.12ab 0.81±0.05bc 0.72±0.05b 0.48±0.15a

FER 0.69±0.06a 0.55±0.03a 0.63±0.03a 0.68±0.08a 0.55±0.15a

FCR 1.45±0.12a 1.81±0.09a 1.58±0.08a 1.42±0.15a 1.94±0.62a

GEFC 69.24±5.79a 55.43±2.88a 63.35±3.37a 68.48±7.61a 54.70±14.96a

GFCR 69.24±5.79a 55.43±2.89a 63.35±3.37a 68.41±7.61a 54.70±14.96a

NMs 538.77±81.13a 333.61±91.84bc 451.10±25.32ab 379.64±45.97b 208.86±102.04c

FMWG: Final mean weight gain, SGR: Specific growth rate, RGR: Relative growth rate, CF: Condition 
factor, PER: Protein efficiency ratio, FER: Feed efficiency ratio, FCR: Feed conversion ratio, GEFC: 
Gross efficiency of feed conversion, GFCR: Gross feed conversion ratio, NM: Nitrogen metabolism

Values on the same row with different superscripts are significantly different (p<0.05) 

DISCUSSION
The substantial differences in final weight gains between Diet III and the control group Diet I are 
notable. Diet III resulted in significantly higher weight gain, indicating that this diet may be more 
effective in promoting growth. This finding is consistent with the observation of Greenway, (2015) and 
Elisha et al. (2017) suggesting that dietary composition can greatly impact the growth of fish. The 
variations in protein intake, protein efficiency ratio (PER), and feed efficiency ratio (FER) across the 
treatments highlighted the importance of dietary protein content. The highest protein intake in Diet I 
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Conclusively, feeding C. gariepinus with variegated grasshopper meal showed improve growth 
performance and effective nutrient utilization with the inclusion at 50% showed the best potential for 
aquacultural production, therefore recommendation of this dosage to the farmers is highly 
recommended for sustainable fish production. Further research into haematology, histology and 
oxidative stress should be carried out in future research to know the effect of prolong intake.
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INTRODUCTION
The African Catfish Clarias gariepinus belonging to the family Clariidae is one of the most important 
aquaculture species in Nigeria because of its fast growth rate, appreciable size, disease resistance, high 
fecundity, ease of artificial breeding, tolerance of high stocking densities in captivity, tolerance of harsh 
of environmental conditions, acceptability of farm made feed, good market value, good taste and meat 
quality (Eyo et al., 2014).
Delonix regia is a leguminous plant which belongs to the family of fabaceae ranked as the second largest 
family among the dicotyledonous plant (Oluwasina et al., 2020). Delonix Regia is one of the abundantly 
underutilized materials in Sub-Saharan Africa and even mostly refers to as a waste material (Yuh-Shan and 

ABSTRACT
The study on effect of roasted flamboyant seed (Delonix regia) on 
blood parameters of Clarias gariepinus fingerlings was conducted at 
the Teaching and Research Farm of the Faculty of Agriculture Shabu, 
Lafia Campus, Nasarawa State University Keffi, for twelve (12) 
weeks. Dried and mature pods of flamboyant (Delonix regia) were 
harvested in Lafia, Nasarawa State. Seeds were removed from the 
pods, sorted and roasted for 30mins until the seed coat cracked, 
cooled at room temperature, and milled into fine particles to 
formulate 43%CP diets at 0%, 25%, 50% 75% and 100% inclusion 
levels. Three hundred Clarias gariepinus juveniles were weighed and 
distributed in five treatments T1, T2, T3, T4 and T5 at 20 fish per 
replicate. Fish were fed experimental diet twice daily at 5% body 
weight, and feeding was adjusted as the fish advanced in size. Serum 
biochemistry and haematology were analysed. The results of 
phytochemical compounds showed low concentration of saponin 
(1.03mg/100g), tannins (0.98mg/100g), phytate (2.15mg/100g), 
and oxalate (0.87mg/100g) respectively. The values of 
haematological and serum biochemical parameters were not 
significantly different (P>0.05) from each other in fish fed 
experimental diets. Roasted Delonix regia seed meal in diets of 
Clarias gariepinus had no adverse effect and its utilization at 25% 
inclusion is considered the best.

Keywords:
Flamboyant seed,
Feeds, Serum biochemistry,
Haematology
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Malarvizhi, 2009). The proximate composition of (Delonix regia) seeds has shown that the seed contain 
excellent nutrient, it could promote palatability to foods, reduce emptying time of the stomach, decreases 
intestinal motility and ensures dietary supply of essential fatty acids and fat soluble vitamins. 
The qualitative and quantitative analysis of Delonix regia seeds indicates that Phytate is the major anti-
nutrient, therefore, it is advisable to supplement the intake of this seed with other foods which are 
highly nutritious and proper processing should be ensured before consumption (Abulude et al., 2018). 
The presence of some of these anti-nutrients could however be reduced by various processing 
techniques such as drying, cooking, heating and fermentation (Muftau et al., 2019). 
Hematological assessment is a rapid approach for the determination of the fish homeostasis, while of 
the fish while serum biochemical assessment provides information on physio-pathological changes in 
the organs and or systems of the fish. However, for these tools to be effective there is a need to have a 
reliable set of reference values (obtained from healthy specimens) upon which results can be compared 
(Adeyemo and Enefe, 2021). There is high cost of producing animal feeds and this necessitate the need 
to look for alternative source of protein ingredients with  less phytochemical like Delonix regia seeds 
which are  throughly processed.

Experimental Design and Management

The dried and mature pods of flamboyant (Delonix regia) were harvested from the environment of 
College of Agriculture Science and Technology Lafia. The collected seeds were washed dried under the 
sun for three days and were roasted for 30mins until the seed coat cracked. The roasted seeds were 
milled into fine particles labeled as Delonix regia Meal.   

Source of Test Ingredient and Preparation

At the end of the 12 weeks, blood sample was collected from three (3) fish randomly selected from 
each replicate treatment including the control. The fish were held firmly and blood was collected from 
the pelvic fin region. The blood was immediately transferred carefully into  emptied plastic tube 
container containing Sodium salt of ethylene diamine tetra acetic acids (Na-EDTA) as anticoagulant 
for determining haematological parameter as described by Jain (1986). 

Clinical biochemical analysis was performed to obtain serum concentrations of total protein, albumin, 
urea, uric acid, creatinine obtained from the blood samples using a multichannel automatic chemistry 

The experiment was conducted at the Teaching and Research Farm of the Faculty of Agriculture, 
Shabu, Lafia Campus, Nasarawa State University Keffi, Nasarawa for twelve (12) weeks.

MATERIALS AND METHODS

Determination of Anti-nutritional Factors

Haematology Analysis 

The experiment consists of five treatments (T1, T2, T3, T4 and T5) in three replicates and the feeding 
trial lasted for a period of 12 weeks (90days). Three hundred Clarias gariepinus fingerlings were fed at 5% 
body weight with isonitrogenous formulated diets of 43%CP at 0%, 25%, 50%, 75%, and 100% inclusion 
of Delonix regia. Growth responses were checked and recorded every two weeks with a sensitive weighing 
balance (ANTOM electronic compact scale, 600g x 0.01g Digital scale) to the nearest gram.

Serum Biochemical Analysis 

Anti-nutritional factors such as; saponin, phytates, tannins and oxalates inhibitors were determined 
according to the method adapted by Kakade et al. (1972). 

Description of Experimental Site
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All data obtained from the study were subjected to analysis of variance (ANOVA) procedure of STAR 
2.0.1 window and significant means separated by Duncan multiple range test at 95% degree of 
confidence or 0.05 level of significance (Duncan, 1955).

analyzer (Chemwell 4800, Awareness Technology FL. USA) and Dialab clinical chemistry colorimetric 
diagnostic kits (Dialab Produktion Astria) following the manufacturer's instructions. 

RESULTS AND DISCUSSION

Statistical Analysis

Table 1: Quantitative Phytochemical of Raw and Roasted Delonix regia Seed

S.N Antinutrients Raw seed (mg/100g) Roasted seed (mg/100g) LOS

1 Saponin 3.47a 1.03b S
2 Tannins 2.19 a 0.98 b S
3 Phytate 4.14 a 2.15 b S
4 Oxalate 2.26 a 0.87 b S

LOS = Level of Significant., Mg = Milligram., Means with the same superscript across the row are not 
significantly different (P>0.05).

Table 2: Haematological Parameters of Clarias gariepinus Fingerlings Fed Different Inclusion Level of DRM 

Parameters DRM00% DRM25% DRM50% DRM75% DRM100% SEM P-value

PCV (%) 43.43a 38.33b 32.30e 34.57d 36.23c 0.3132 0.0000
Hb (g/dl) 13.63a 11.70b 10.83b 11.33b 11.80b 0.4729 0.0033

RBC (x1012 cell/µL) 3.98a 3.85a 3.35b 3.49b 3.47b 0.1546 0.0142
WBC (x103 cell/µL) 116.00b 98.00d 101.00d 150.67a 110.00c 2.28 0.0000
MCV (fl/cell) 106.00a 108.00a 95.00c 93.33c 102.67b 1.41 0.0000
MCH (pg/cell) 34.00a 32.00ab 33.67a 30.00b 31.00b 0.9369 0.0116
MCHC (g/dI) 32.00 33.00 32.00 32.00 32.00 1.45 0.9367
N (%) 5.00b 3.00c 4.00c 9.30a 3.03c 0.1801 0.0000
L (%) 95.00b 94.67b 99.33a 90.67c 97.00ab 1.72 0.0102

DRM = Delonix regia Meal; PCV = Packed Cell Volume; Hb = Haemoglobin; RBC = Red Blood Cell; 
WBC = White Blood Cell; MCV = Mean Corpuscular Volume; MCH = Mean Corpuscular 
Haemoglobin; MCHC = Mean Corpuscular Haemoglobin Concentration; N = Neutrophils; L = 
Lymphocytes; Fl = fentolitre;  pg = picogram; g/d = gram per deciliter.

Table 3: Serum Parameters of Clarias gariepinus Fingerlings fed different Inclusion Level of DRM 

Means with the same superscript are not significantly different (P>0.05)

Parameters DRM00% DRM25% DRM50% DRM75% DRM100% SEM Pvalue

Creatinine (mmol/l) 42.12b 42.67b 27.31c 49.05a 45.11ab 2.35 0.0001
Total Protein (g/l) 45.11c 54.02a 49.10abc 52.14ab 48.03bc 2.21 0.025
Albumin (g/l) 24.32c 30.21b 28.07b 35.31a 30.11b 1.48 0.001
Globulin (mmol/l) 21.22ab 19.01ab 20.72ab 22.23a 16.67b 1.19 0.0161
Cholesterol (mmol/l) 3.37bc 3.50b 2.90c 4.10a 3.90ab 0.2418 0.008
Urea (mmol/l) 1.10c 1.50ab 1.20bc 1.60a 1.20bc 0.1483 0.0385

Means with the same superscript are not significantly different (P�0.05), g/l = gram per litre mmol/l 
= millimole per litre

DISCUSSION
Antinutritional Analysis of Raw and Roasted Delonix regia Seeds
Quantitative analysis of the seed showed high concentration of phytate and tannin in the raw state than 
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Haematological analyses of fish are important as these are linked to the health of fish. Hematological 
parameters were significantly influenced (P<0.05) with the inclusion of DRM in the diets, but there 
was no adverse effect observed in the fish fed varying inclusion of Delonix regia meal diets. The values 
of blood parameters in the study fell within the normal range established for fish except WBC which 
showed higher than normal. This could be due to change in water temperature, exposure to air during 
change of water, and stress-related neuroendocrine elements of immune response. This observation 
agree with the report of Gayatri and Prafulla (2012), who stated no significant difference (P>0.05) in 
blood parameters of different sexes of walking catfish. Red blood cell (RBC) is responsible in carrying 
oxygen and carbon dioxide in the body (Isaac et al., 2013). Soetan et al. (2013), reported that a 
reduction in RBC value implies a reduction in the level of oxygen that would be carried to the tissues as 
well as the level of carbon (IV) oxide returned in the lungs. The values of Hb, PCV, RBC, MCV, MCH 
and MCHC could be a clear indication that the animals were well nourished, and possibility that DRM 
was able to supply all the essential nutrients necessary for the proper functioning of the animal's body. 
According to Issac et al. (2013) pack cell volume (PCV) is involved in the transportation of absorbed 
nutrients while Hb and MCH are major indices for the diagnosis of anemia. The concentration of PCV 
in the blood could be due to less toxicity of the seed plant as recorded from the phytochemical analysis.

in the roasted form. After roasted of the seed, the concentration of antinutrient decreased drastically 
showing less qualitative concentration. This observation showed that roasting of Delonix regia seed 
could reduce antinutritional content of the seed for utilization in animal's feed. Phytate and tannin that 
were recorded highest reduced drastically after roasting just like any other processing methods like, 
drying, blanching and fermenting. Some bioactive substances in plants act as an anti-nutritional factor. 
Saponins reduce the uptake of certain nutrients including glucose and cholesterol at the gut through 
intra-lumental physicochemical interaction. Tannins have also been reported to prevent the 
development of microorganisms by precipitating microbial protein (Ochang et al., 2015). Phytate is 
capable of suppressing oxidative reactions catalysed by iron in a living system (Ochulor et al., 2018). 
High content of oxalate in animal's feed depress calcium metabolism (Ochulor et al., 2018). The 
presence of these anti-nutrients could however be reduced by various processing techniques such as 
drying, cooking, heating and fermentation (Muftau et al., 2019).

Haematological Parameters of Clarias gariepinus Fingerlings in the Study

Serum biochemistry is used as a sensitive tool to assess the aquatic impact in contaminated ecosystems 
and also would be beneficial in determining the baseline for health and physiological performance of 
aquatic organisms (Muazzez et al., 2008). This study observed the mean values of total protein 
between the range of 45.00 and 54g/l. The variation in the values of total protein in the present study 
was an indication that the fish organism responded positively to the various inclusion of Delonix regia 
meal in the diet. Jimoh et al. (2020) reported high amount serum total proteins indices of liver damage 
of Clarias gariepinus due to high level of inclusion of flamboyant seed meal decimating its deamination 
capacity by reducing its aminotransferase ability. Urea nitrogen is the product of protein and or amino 
acids metabolism. The blood urea nitrogen is a critical tool in the clinical assessments of renal function 
(Jimoh et al., 2020). The urea concentration in the present study were significantly different 
(P<0.05), these concentrations ranged between 1.1mmol/l and 1.6mmol/l which are below the range 
1.90 mg/l to 2.30 mg/l values reported by (Adeyemo and Enefe, 2021) for chickens. Values of blood 
urea nitrogen concentrations in the study disagree with Adeyemo and Enefe (2021) for chicken due to 
malnutrition even though the case of malnutrition was not recorded throughout the study and thus 
may be a good indication of health status of fish as suggested by Muazzez et al. (2008). The synthetic 
capacity of the liver may be estimated by the determination of serum albumin concentration (McCue, 

Serum Parameters of Clarias gariepinus Fingerlings in the Study
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 Reticulatum DC) Pods in Kebbi State, Nigeria. World Journal of Innovative Research (WJIR). 

Ochang, S. N., Peter, B. M., Ugbor, O. N. and Egor, A. (2015). Effect of diets with moringa leaf meal on 

 tanjorensis leaves and effects of its aqueous extract on carbon tetrachloride induced oxidative 

Kakade, M. L., Simons, N. R., Liener, I. E., and Lambert, J. W. (1972). Biochemical and nutritional assessment 

 Fractions, Mineral Compositions and Phytochemical Screening in Camel's Foot (Piliostigma 

 Agricultural Science and Technology, vol. 12, No 2, pp 130-139.

 a common challenge. Comparative Biochemistry and Physiology. 156: 1–18.

 growth, carcass composition and haematology of Clarias gariepinus. International Journal of 

 and haematological profiles of Clarias gariepinus fed diets containing Luffa cylindrica seed meal. 

 of different varieties of soybeans. Journal of Agricultural and Food Chemistry, 20(1), 87-90.

Muazzez, O., Gülüzar, A. and Mustafa, C. (2008). Changes in serum Biochemical parameters of fresh 
 water fish Oreochromis niloticus following prolonged Metal (Ag Cd Cr Cu Zn) Exposures. 
 Environmental Toxicology and Chemistry. 27(2):360-6.

McCue, M. D. (2010). Starvation Physiology; reviewing the different strategies animals use to survive 

Muftau, M. A., Malami, B. S., Maigandi, S. A. and Gwandu, H. A. (2019). Evaluation of Proximate, Fibre 

 ISSN: 2454-8236, 7(3): 01-04.

 Fisheries and Aquatic Studies. 3(2):397-401.
Ochulor, O. C., Njoku, O. U., Uroko, R. I. and Egba, S. I. (2018). Nutritional composition of Jatropha 

2010). The values of creatinine in the study showed that the fish were in good condition as also 
suggested by Peres et al. (2015).

RECOMMENDATION

Abulude, F. O., Olatunde, E. M. and Adejayan, A. W. (2018). Biochemical Profile of flamboyant (Delonix 

Gayatri, A. and Prafulla, K. M. (2012). Haematological and Serum Biochemical Parameters in different 

Isaac, L. J., Abah, G., Akpan, B. and Ekaette, I. U. (2013) Haematological Properties of Different Breeds 

 African bonytongue fish (Heterotis niloticus. Cuvier, 1829) sampled from the river Benue, 

 regia) seeds obtained in Akure, Nigeria. Continental Journal of Applied Sciences: 13(2): 29 – 43
Adeyemo, B. and Enefe, N. (2021). Haematological and serum biochemical reference intervals of juvenile 

CONCLUSION
The results of phytochemical compounds showed low concentration of saponin (1.03mg/100g), 
tannins (0.98mg/100g), phytate (2.15mg/100g), and oxalate (0.87mg/100g) respectively. The values 
of haematological and serum biochemical parameters were not significantly different (P>0.05) from 
each other in fish fed experimental diets. 
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CHEMICAL COMPOSITION OF BITTER LEAVE (Vernonia amygdalina) 
FOR FISH FEED UTILIZATION
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Bitter leaf is an edible vegetable leaf that is high in fibre, proteins, carbs, minerals, and vitamins. Moreover, 
it contains ascorbic acid and betacarotene, a precursor to vitamin A (Aregheore, 2012). The plant contains 
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INTRODUCTION
Aquaculture production has quadrupled globally over the past 20 years and is expected to treble over 
the next 15 years. A necessary and reasonably priced source of high-quality protein and sustenance are 
fish and fisheries products. At an all-time high of around 17 kg per person, fish provided at least 15% of 
the average animal protein diet for over 3 billion people (FAO, 2011).
Nutritional study is now focused on finding non-traditional sources that are locally available and have 
minimal human demand because typical protein ingredients like fish meal, groundnut cake, and 
soybean are expensive (Owen et al., 2011). Bitter leaf (Vernonia amygdalina) meal is one such non-
conventional feed source that could be used to lower the high cost of conventional protein sources in 
aquaculture diets, with specific reference to fish. A shrub or small tree native to tropical Africa, 
Vernonia amygdalina, often known as bitter leaf, is used as an addition in animal feed. Because of its 
many bitter components, it is commonly referred to as bitter leaf (Ekpo et al., 2007). The leaves are 
rich in anti-nutritive elements, such as high concentrations of saponin and tannic acid (FAO, 2011).

ABSTRACT
This study on chemical composition of bitter leave (Vernonia 
amagdalina) for fish feed utilization was conducted to determine the 
proximate composition, amino acids profile and phytochemical 
analysis. The bitter leaf was sourced from Panda Development Area 
of Karu Local Government, Nasarawa State. The leaves were shed 
dried for seven (7) days and milled into powder form. Thereafter it 
was transported to the laboratory for chemical analysis according to 
AOAC method. Bitter leaf meal contain good amount of nutrient 
such as carbohydrates (46.32%) and crude fibre (37.35%). Amino 
acid content shows high content of proline (3.74mg/100g) and 
leucine (7.16mg/100g), phytochemical analysis displayed high 
content of Tannin (9.62mg/100g) and saponin (5.97mg/100g); and a 
low content of alkaloid (2.16mg/100g) and oxalate (3.48mg/100g). 
Also, more research should be conducted on locally feed ingredients 
in the basis of their usage so as to promote the aquaculture sector.

Keywords:
Bitter leaf,
proximate composition,
amino acids,
phytochemicals
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phytochemicals such as anthraquinones, tannins, flavonoids, alkaloids, saponins, glycosides, and 
terpenoids. Its antioxidant qualities are attributed to the vitamins A and C as well as the phytochemicals 
found in bitter leaves (Hamzah et al., 2013). The bitter flavour of V. amygdalina is caused by the 
abundance of saponins that are present (Ijeh and Ejike, 2011). Due to the leaf's high content of lipids, 
vitamins A and C, and carbohydrates, V. amygdalina can be used as an unconventional feed ingredient in 
fish feed manufacturing, resulting in a significant price decrease and guaranteed high profit.

RESULTS

Table 1: Proximate Composition of Bitter Leaf (Vernonia amygdalina)

Fresh bitter leaf were purchased from Panda Development Area, Karu LGA of Nasarawa State, shed 
dried and ground into powder form. 

The experiment was carried out at the fisheries unit of the experimental farm of the Department of 
Aquaculture and Fisheries Management of the Faculty of Agriculture, Nasarawa State University 
Keffi, Shabu-Lafia Campus.
Sources and Preparation of Bitter Leaf

MATERIALS AND METHODS
Location of the Study

Chemical Analysis of Diets and Fish
The bitter leaf meal was analyzed for proximate composition, amino acid profile and phytochemical 
according to Official Methods of Analysis of Association of official Analytical chemists (AOAC, (1990). 

The results of the study are shown in the Tables below;
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Parameters Content (%)
Dry matter 3.25
Crude protein 5.14
Crude fibre 46.32
Moisture 4.74
Ash 1.86
Crude fat 1.34
Carbohydrate 37.35

Table 2: Amino Acid Profile of Bitter Leaf (Vernonia amygdalina)

Essential Amino Acids Content (mg/100g)

Leucine 3.74
Isoleucine 2.91
Lysine 4.19
Arginine 4.39
Tryptophan 4.06
Phenylalanine 3.18
Valine 4.21
Methionine 5.41
Histidine 2.05
Threonine 2.86
Non-Essential Amino Acid
Glycine 3.42
Alanine 5.12
Serine 3.71
Proline 7.16
Aspartic acid 7.00
Glutamic acid 2.20
Tyrosine 2.56
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Amino acid profile of bitter leaf (Vernonia amygdalina)

DISCUSSION 

The study recorded eight amino acids (isoleucine, leucine, alanine, phenylalanine, tryrosine, histidine, 
glutamine and proline). The revealed that bitter leaf is rich in amino acids contents which could be used 
to build protein in animal body particularly when added to fish diet. Thompson et al. (2010) reported 
that bitter leaf contain bioactive elements including amino acids that are of benefit to fish.  Amino 
acids recorded in the study were similar to those reported by Venou et al. (2006) to play physiological 
functions such as growth, immunity, protein metabolism, fatty acids metabolism and glucose 
transportation. Their deficiency in animal's body results to physiological conditions such as depressed 
immune system, weight loss, and muscles weakening (Lim et al., 2008).

Phytochemical analysis of bitter leaf (Vernonia amygdalina)

Proximate composition of bitter leaf

Six of phytochemicals component (oxalate, phytate, tannin, saponin, flavonoids and alkaloids) were 
recorded in the study. Similar phytochemical components were reported by Biswas et al. (2007) for 
Vernonia amygdalina leaf, roots and stem. Hernandez et al. (2007) suggested that the present of these 
compounds in animal (fish) feed could regulate blood sugar and protect the body against foreign 
bodies. The study revealed that Vernonia amygdalina is rich in phytochemical contents and it is 
advisable to supplement the leaves meal with ingredients rich in nutrient to neutralize the content of 
phytochemicals to avoid low intake during feeding. According to Biswas et al. (2007), bitter leaf 

This study shows that Vernonia amygdalina is rich in nutrient composition. Crude protein of 5.14 was 
recorded in the study though it is lower than 19.23% reported by Biswas et al. (2007) in the leaf of 
bitter leaf. This vast variation could be attributed to differences in ecological soil in which the plant 
were grown. The soybean protein content is a quantitative trait mainly controlled by gene additive 
effects by agronomical traits such as oil content and yield. The genetic variation of accessions in protein 
suggests their involvement in promoting plant adaptation in natural habitats. Protein content levels 
represent inherited relationships within a genus species as well as between separate biological systems 
(Alafari and Abdu-Elgawad, 2021). Moisture content of 4.74% was lower than 7.92% reported by 
Biswas et al. (2007) shows that the leaves can be stored at its dried form for a long period without 
contamination. Ash content of 1.86% is an indication of good mineral constituent and the value 
recorded in the study is lower than 7.72% in a study conducted by Chou et al. (2004) for the same 
plant. Carbohydrate content of 37.35% recorded in the study shows that the leaves are rich in sugar 
composition and could be used to produce energy when added to fish feed. Dry matter in the study was 
recorded at 3.25% which is far below the values reported by Hernandez et al. (2007). The content of 
dry matter in this study disagree with 20.08% reported by Biswas et al. (2007) who consider bitter a 
good source of health maintenance and production. Good amount of fibre was also reported in the 
study and its addition in fish feed could keep the digestive system healthy. Crude fat recorded in the 
study is higher than 0.4% reported by Abdel-Tawwab et al. (2010) and it is an indication that bitter leaf 
contains essential fatty acids in commensurable value. 

Table 3: Phytochemical Analysis of Bitter Leaf (Vernonia amygdalina)
Parameters Concentration (mg/100g)
Oxalate 3.48
Phytate 3.95
Tannin 9.62
Saponin 5.97
Flavonoids 4.89
Alkaloids 2.16
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Bitter leaf meal contain good amount of nutrient such as carbohydrates and crude fibre. Amino acid 
content shows high content of proline and leucine, phytochemical analysis displayed low content of 
alkaloid and oxalate. 

 Conference of the Fisheries Society of Nigeria (FISON) ILORIN. 896

Also, more research should be conducted on locally feed ingredients in the basis of their usage so as to 
promote the aquaculture sector.

Alafari, H.A. and Abd-Elgawad, M.E. (2021). Heat-Induced Protein and Superoxide dismutase changes 
 in wild Tetraena propinqua ssp. Migahidii seedlings. Pakistan journal of biological sciences 24, 310-318.

contains bioactive components linked to medicinal properties; flavonoids show enzymatic activities, 
such as nitric oxide synthase activity (Hernandez et al., 2007); saponins lower cholesterol levels by 
interacting with bile acids, causing an accelerated metabolism of cholesterol in the liver and a 
subsequent decrease in serum cholesterol levels (Abdel-Tawwab et al., 2010); phytate inhibits the 
transfer of glucose from the stomach to the small intestine, retarding the passage of glucose through 
the small intestine (Lim et al., 2008); and tannins and alkaloids have antimicrobial properties (Biswas 
et al., 2007) against pathogenic bacteria and viruses.

CONCLUSION
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EFFECTS OF SUPPLEMENTING GRADED LEVELS OF COWPEA (Vigna 
unguiculata) SHELL MEAL ON GROWTH FEED UTILIZATION AND COST 
BENEFIT OF (Clarias gariepinus Burchell, 1822) AFRICAN CATFISH.
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MATERIALS AND METHODS 

Aquaculture is one of the world's fastest-growing food-producing industries and it helps to preserve wild fisheries 
while also providing food and nutritional security. The increasing need for fish for human consumption has 
required a quick expansion of fish farming, which has improved aquaculture feed production significantly. 
Aquaculture is the quick food production sector in the world, with continuous growth over the previous three 
decades. Progress and developments in current technology and farming practices in terms of fingerling 
production, culture systems, culture methods and the manufacturing of high-quality fish feed have all contributed 
to the growth of the fish business. There Aquaculture has increasingly filled the growing demand for seafood, now 
producing over half of all fish and seafood for human consumption. Sogbesan ,2014

1 1 2 1Dambatta M. A , M.S. Panda , M.A.  Haruna  and D.M .Shafa
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INTRODUCTION

The present study aimed to investigate the effects of supplementing graded levels of cowpea shell Meal 
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ABSTRACT
The efficacy of Cowpea (Vigna unguiculata) shell meal as an 
ingredient in diet of the African catfish Clarias gariepinus was 
evaluated for 45 days (6 weeks) growth period, Four experimental 
diets were formulated at 0% (control), 20%, 40%, and 60% inclusion 
levels of cowpea shell meal with the control diet containing only 
maize . All diets were iso-nitrogenous (40% protein). The 45-day 
feeding experiment was conducted in 8 plastic bowls, each treatment 
having duplicates, Twenty Clarias gariepinus fingerlings with average 
mean weight of 5.50 g (± 0.70) were stocked at 10 fingerlings per 
bowl for each treatment. The fish were fed 5% body weight twice per 
day, monitored for weekly growth and mortality. Data collected were 
analyzed using One-way ANOVA. Fish fed 20% cowpea shell meal 
recorded the best growth performance in body weight gain (7.79b), 
Specific Growth Rate (SGR) (0.517b), and Feed conversion Ratio 
(FCR (2.58)). The best benefit cost ratio (1.56) were from the 60% 
CSM diet and the highest Net profit Value  (843.2) was from 0% 
cowpea shell meal diet. This study therefore shows that cowpea shell 
meal can replace maize up to 60% in the diets of C. gariepinus 
fingerlings for optimum growth performance and also for economic 
benefit as shown in then economic analyses. Hence, from the study, it 
can therefore be recommended to replace maize shell with cowpea in 
the diet of  C. gariepinus.

Keywords:
Vigna unguiculata,
Shell, Feed,
Cost benefit 
Clarias gariepinus. 
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Cowpea shells was sourced from the Local Market in Wudil Local Government Area of Kano State to 
and processed into meal form to make them easier for the fish to consume. The cowpea shells were 
ground, dried, and sieved to obtain the desired particle size.

Experimental Site

in the diet of Clarias gariepinus, commonly known as African Catfish, on its growth performance, feed 
utilization, and nutrient digestibility. Cowpea shells are an underutilized by-product of cowpea 
production, and their incorporation in animal diets has been reported to improve their nutritional 
value. The study was carried out for a period of 8 weeks, during which the fish were fed with four 
different diets containing increasing levels of cowpea shells as the main protein sources.  

Feedstuff Processing
The feedstuff has received appropriate processing and handling techniques to improve their 
digestibility and eliminate toxic substances and anti-nutritional factors. Feedstuff like maize and 
soybeans were cleaned and sorted to remove diets, stones and other impurities. The grains undergone 
sun drying to reduce the moisture content to certain amount and mills using machine, package and 
stored in appropriate place for use. Algebraic method was adopted to calculate the experimental diet.
 Formulation of Experimental Diets 

The experiment was carried out for a period of 60 days at the Aliko Dangote University of Science and 
Technology Wudil Kano State, Fisheries and Aquaculture Department. 
Preparation of Cowpea Shell Meal

Four different diets were formulated to contain graded levels of cowpea shells (0%, 20%, 40%, and 
60%) as a partial replacement for Maize in the basal diet. The ingredients and nutrient composition of 
the experimental diets are presented in Table 1

Table 1. Ingredients Proportion and Proximate Composition of the Experimental Diets

INGREDIENTS

Percentage [%]

BASAL DIET
0% CSM1

20% CSM2 40% CSM3 60% CSM4

Maize 
Cowpea Shells Meal

24.72
0.0

19.06
5.30

14.84
10.60

9.89
15.90

Soybean meal 23.09 23.09 23.09 23.09
Groundnut cake 23.09 23.09 23.09 23.09
Fish meal 23.09 23.09 23.09 23.09
Vitamin premix 1.0 1.0 1.0 1.0
Mineral premix 1.0 1.0 1.0 1.0
Palm oil 
Salt 
Cassava flour 
Lysine 
Methionine
Bone meal 
Total 
PROXIMATE COMPOSITION 
Dry matter
Protein (%)
Lipid (%)
Fibre (%)
Ash (%)
itrogen Free Extract (%)

1.0
1.0
2.0
0.25
0.25
0.5
100
CONTROL
0% CSM1
91.68
40.25
5.80
9.0
14.0
22.63

1.0
1.0
2.0
0.25
0.25
0.5
100
20% CSM2

91.79
40.28
5.20
10.3
14.2
21.81

1.0
1.0
2.0
0.25
0.25
0.5
100
40% CSM3

91.62
40.14
5.40
11.6
14.4
20.08

1.0
1.0
2.0
0.25
0.25
0.5
100
60% CSM4

91.56
40.16
5.60
12.9
14.6
18.3

Source: Field Experimental diet composition. Keys : 0% CSM1 = Control  Diet, 20% CSM2 =20% 
Treatment, 40% CSM3 = 40% Treatment, 60% CSM4 = 60% Treatment.
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 Experimental Facilities and design 

 Feeding Trial 
110 African Catfish fingerlings were obtained from the Mallu Agro Allied Company Ltd Kano Fish 
Farm, acclimated to the experimental conditions for 48 Hours and size-graded to obtain fish with no 
significant differences in initial weights between treatments. The fish was fed on a 12-hour light and 
12-hour dark cycle, and their feeding was be monitored daily. The experiment ran for 45 days, and the 
fish was fed two times daily a day between 9 - 10 am, and 4 - 5 pm at a feeding rate of 5% of the live 
body weight per day with four different diets consisting of 0%, 20%, 40%, and 60% Cowpea shell meal.

Table 2. Proximate composition of feed ingredients used for Formulating the test diets

The design adopted in the study is randomized complete design CRD with 4 treatments and 2 replicates.  
The experiment was conducted in a pond of plastic bowl with a water surface area of 943cm2 
(41cm×23cm). Ten “Bowl” were used because there were 5 treatments (4 test diets and the control) and 
each treatment was replicated once. Each “Bowl” measured 23cm x 41cm x 23cm (length, width and 
height) and had a mesh size of 1mm. The “Bowl” row was installed 3m away from each other. A 2 inch net 
was placed on top of each “Bowl” to prevent birds from preying on the fish. Each “Bowl” was stocked with 
25 African Catfish. In order to minimise clogging of the “Bowl” with organic matter, they were cleaned 
after every three days using a brush. After every three weeks, all the fish in each “Bowl” were removed 
using a scoop net and their individual weights (g) and total lengths (cm) were measured in order to assess 
growth performance. A day prior to fish measurement, the fish were starved.

 Statistical Analysis
Descriptive statistics which involves the use of means and standard deviation were used to analyze the 
growth performance of Clarias gariepinus fed with graded levels of Cowpea shell meal as a partial 
replacement of maize.  Differences in growth performance and feed utilization efficiency between 
treatments were determined using SPSS software. One-way analysis of variance was carried out and 
significant differences were considered at P<0.05 using Duncan`s multiple comparison test.

RESULT
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Ingredients Dry 
matter

Crude 
Protein

Crude 
Lipid

NFE Crude 
Fibre

Ash Moisture
content

Cowpea shells 92.0 10.63 2.6 71.32 1.18 6.27 8.0

Soybean meal 91.0 46.00 17.0 18.69 2.11 7.20 9.0

Fish  meal 90.0 70.00 7.0 0.89 4.00 8.11 10.0

Maize meal 91.0 10.0 5.0 63.68 7.20 5.13 9.0

Table 3: Mean Water Quality Parameter of the Experiments Bowls

Parameters Control (0% 

CSM) diet 

20% CSM 

diet 

40%  CSM 

diet 

60% CSM diet 

Temperature (oC)  24.30 24.20 23.03 21.61 

Dissolved oxygen DO (mg/l) 4.63 5.50 4.90 4.68 

pH (g) 6.70 7.20 6.21 7.30 

Ammonia NH4 (mg/l) 0.09 0.12 0.23 0.18 

Source : Experimental Field Data
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Table 4. Growth and feed Utilization of Clarias gariepinus fingerlings fed cowpea shell meal diets
Parameters Control (0% 

CSM) diet

20% CSM 

diet

40%  CSM 

diet

60% CSM diet

Total Initial Weight (g) 55.00a 59.50a 52.50a 53.00a

Mean Initial Weight (g) 5.50a 5.95a 5.25a 5.30a

Total Final Weight (g) 92.00a 96.70a 82.00b 72.00c

Mean Final Weight (g) 10.23b 10.17b 9.65c 13.09a

Mean Weight Gain (g) 4.73a 4.22a 4.40c 7.79b

Relative Weight Gain (%/Fish) 86.00a 70.92b 83.81c 146.98d

Specific Growth Rate (%/day) 0.599a 0.517b 0.587d 0.873c

Initial Mean Length (cm/Fish) 7.50a 8.20a 7.70a 7.40a

Final Mean Length (cm/Fish) 11.30b 11.60b 10.10c 10.90a

Protein Intake 19.84b 18.72c 17.20d 11.80a

Mean Protein Intake 1.17a 0.99c 1.01b 1.07a

Protein Efficiency Ratio (PER) 1.86b 1.99a 1.72c 1.61d

Feed Conversion Ratio (FCR) 3.11b 2.58d 2.81c 6.00a

Feed Intake 115a 96c 83d 114a

Mean Feed Intake 10.45a 6.40c 5.53d 8.14b

Initial Condition Factor (K1) 1.30a 1.08b 1.15a 1.31a

Final Condition Factor (K2) 0.51a 0.50a 0.64b 0.63b

Stocking Density 10a 10a 10a 10a

Survival Rate (%) 85a 95b 85a 95b

**means of data on the same row with different superscripts are significantly different (P< 0.05)
Keys:  0% CSM diet – Control - 0% Cowpea Shell Meal Diet; 20% CSM diet - 20% Cowpea Shell Meal 
Diet; 40% CSM diet - 40% Cowpea Shell Meal Diet; 60% CSM diet - 60% Cowpea Shell Meal Diet
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AOAC., 1990. Official Methods of Analysis. 15th Edn., Association of Official Analytical Chemists,  
 Washington, DC., USA..

DISCUSSION

Fagbenro, O., A. Oresegun, L. Nwanna, P. Ilona, O. Olurotimi and A. Adebayo, 2017. Performance of 
 diets for Oreochromis niloticus and Tilapia zillii by inclusion of cassava leaf protein concentrate 

The continuous weekly growth of the experimental fish from all the diets was an indication that the 
experimental diets contain crude protein value recommended for catfish at fingerling stage and the 
inclusion of the cowpea shell meal didn't compromise the protein value rather showed an increase as 
the inclusion of the wheat bran meal increased in the formulated diet. Seria Saldivar (2010) had earlier 
documented that the extracted wheat bran can he used as food supplement and livestock feed. The 
highest weight gain in fish fed 60% CSM could have been as result of higher crude protein documented 
for cowpea shell meal (Table 2). Crude protein has been appraised to the responsible for building up 
tissues and growth in living organism (AOAC ,2016). The result from this study on economic 
evaluation which showed that net profit ranged from N809.2/kg of fish to N843.20/kg of fish and 
these two value were significantly different (p<0.05) (Table 4). The highest investment cost analysis 
of N682.22 was recorded in fish fed the control diet, followed by N636.01 for those fed 20% CSM diet 
and the lowest for fish fed 60% CSM diet with N527.44. These two extremes were significantly 
different. The best benefit cost ratio of 1.56 were recorded in catfish fed 60% CSM diet agreed with 
the work of other scientist Fagbenro et al., (2010) showed the need to use plant meal in combined form 
to produce the cheapest and required nutrient for fish. Sogbesan et,.al (2016) reported that reduction 
in cost of production of the experimental diets from 426.20 in diet (Control) to N242.20 in fermented 
experimental diets (2, 3, 4 and 5), is an indication of the cost effectiveness of using groundnut shells as 
non-conventional feedstuff in fish feed formulation. This is similar to the report that non-conventional 
feed resources (NCFRs) are very cheap by products or wastes from agriculture, farm-made feeds and 
processing industries (Sogbesan, 2014). The Mean water quality parameter for each unit (bowl) during 
the experiment which was measured every week. The temperature ranges from 19.30 – 28.78 oC, 
dissolved oxygen 3.5mg/l - 6.8mg/l, pH 5.0 – 7.5 and ammonia 0.02mg/l - 0.60mg/l8.
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The global price of feed ingredients such as fishmeal maize, wheat and soybean meal has greatly increased 
by 186, 160 118 and 108%  respectively in the last decade thereby reducing the profit of fish farmers. 
Under these conditions, to meet the nutrient requirement of livestock and to sustain their productivity 
and profitability seem only possible if unconventional, alternative feed sources are explored. Globally, 
food processing and agro industries have to battle with the problem of by-products generated. The 
problem is more obvious in developing countries because of underdeveloped processing of such by-
products into useful products (Odeyinka et al., 2021). As a result, there are serious environmental 
pollution and waste potential feed resources. Feed milling has dramatically developed in recent years due 
to increase in animal productivity. Fish feed production was limited to extensive system, the concept 
developed was based on helping natural production of food in pond by fertilization and supplying extra 
food if needed. It is better to formulate a diet that will fulfill all the nutritional requirements of fish. 
However, when technical or physical quality of fish feed is considered, the processing becomes 
complicated. Critical considerations have to be made about ingredient availability and price, palatability, 
pellet handling requirements and storage. Hence, fish diet production is a compromise between the 
nutritional quality and physical quality of fish feed (Hardy and Barrows, 2022). 

INTRODUCTION

Tilapia culture is one of the largest sectors of global aquaculture. Among the different species of tilapia, 
Nile tilapia (Oreochromis niloticus) is perhaps the top cultured species. The production of Nile tilapia 
has been continually increasing throughout the years resulting in genetic deterioration. Several tilapia 
strains with better growth performance and adaptive capability to survive in different culture 
conditions have been developed to alleviate the crisis. Increased demand for Nile tilapia implies higher 
farming cost. Cabbage is one of the most popular Brassica vegetables in the human diet due to its 
affordability, availability, and range of health benefits and thus it forms a huge part of worldwide 

ABSTRACT
Four diets were formulated including 0%, 10%, 30%, and 50% of 
cabbage leaf meal. Fish fed on the diet where 10% of maize was 
replaced by CLM showed the best body weight and specific growth 
rate compared with those obtained by fish fed on the diet containing 
30% and 50%. No significant differences were found in survival rates, 
food conversion ratio and protein efficiency ratio. Variable results 
were noticed in growth rate of fish fed on the various diets. Fish fed 
on a diet containing 50% CLM had the lowest survival rate. The cost 
per kg of feed was reduced by increasing cabbage leaf meal in the 
diets. The best profit index was obtained by fish fed on the diets 
containing the lowest level of cabbage leaf meal. 

Keywords:
Cabbage leaves,
tilapia, maize,
diet, growth, rate.
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MATERIALS AND METHODS

The experiment was conducted at the Department of Fisheries Technology, Teaching and Research 
Farm, Chaha Campus, Federal College of Animal Health and Production Technology, Vom, Jos, 
Plateau State.

A total of two hundred (200) Juveniles of Nile Tilapia (Oreochromis niloticus) were purchased from a 
reputable farm in Jos-South LGA, Plateau State. The fish were starved for 24hours to empty their guts 
in order to make them accept the feeding trial. They were later stocked into (40cm diameter x 60cm 
depth) plastic tanks. Initial total lengths and initial weights of Juveniles in each treatment were 
recorded for to get the average initial lengths and weights in each tank. (Eyo et al., 2020)

cuisines and diets. (Janko et al., 2020).So it was used in this work to replace Maize partially in order to 
reduce the cost of producing fish feed.
 

Study Area

Experimental Fish and Set Up

Four diets having a crude protein of 40% each were formulated. The experimental diets contained 
varying inclusion levels of Cabbage as replacement for Maize. Diet one (0% Cabbage: Td1), Diet two 
(10% Cabbage: TD2), Diet three (30% Cabbage: TD3) and Diet four (50% Cabbage: TD4). The feed 
was pelletized through with 2mm die using a Pelletizer. The pelleted feeds were sun-dried and 
packaged in clean, dry plastic containers. Daily fish feeding was done based on 5% bodyweight, (2.5%) 
in the morning and 2.5% in the evening throughout the duration of the experiment with weekly feed 
adjustment for 8 weeks..Uneaten feed and feaces were siphoned. Topping and changing of water were 
carried out regularly to maintain the water quality.

Collection and Processing of Cabbage

The Cabbage was gotten from K-Vom main market, Jos-South, Plateau State, It was sun-dried  for 1 week, 
grinded into powdery form, stored in sterilized glass container and kept under a room temperature (25°C) 
until the commencement of experiment. The Cabbage was pounded using pestle and mortar to aid 
incorporation with other feed ingredients. The pounded cabbage leaf meal was incorporated directly with 
other finely ground feed stuffs, pelletized, sun-dried and individual feed was packed into separate small 
plastic containers and then stored in a cool and dry place.  (Amisah et al., 2021).

The test ingredients Cabbage, Toasted Soybean, Fish meal, Maize, Groundnut cake, Bone meal, Lysine, 
Methionine, Vitamins/Minerals premix, Vitamin C, Vegetable oil and Salt were bought from a feedmill in 
Anguldi, Jos-South, Plateau State and was grounded to fine particles in an Hammer mill.

Feed Formulation and Feeding Trial

Proximate analysis of the cabbage was conducted according to AOAC (1990). This was carried out at 
the Biochemistry Laboratory of Federal College of Animal Health and Production Technology, Vom, 
Jos, Plateau State.
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Note: The diets were formulated to contain 40% crude protein.

Data collected were used to calculate the growth parameters. AIBW: Average Initial Body Weight, 
ATBW: Average Total Body Weight; ATFI:: Average Total Feed Intake, AWG:Average Weight Gain; 
FCR: Feed Conversion Ratio and SR: Survival Rate

Growth performance and feed utilization parameters of Nile Tilapia (Oreochromis niloticus) Juveniles 
fed with 0% and graded levels of Cabbage Meal for 56 days. The results indicated significant 
differences in growth performance and feed utilization parameters between the control (Diet 0% 
Cabbage Meal) and other treatments..There was reduction in fish growth and feed conversion ratio 
with little difference (P < 0.05). With increasing the inclusion levels of Cabbage Meal from 10% to 50 
% diet. FWG showed no significant differences (P < 0.05) between the control and treatment (T2 
10%) inclusion in the feed. However, WG became slightly reduced with increased inclusion levels and 
increase in FCR from 30% to 50% and FCR from 1.01 to 1.08 respectively.

RESULTS AND DISCUSSION

Measurement of Experimental fish

Diets with 10% inclusion level of dietary cabbage meal recorded better growth than the control deit 
and the other test diets (30% and 50%) probably due to its ability to meet the essential amino acid 

requirement of the fish. Nogales-Mérida et. al., (2019) reported that protein requirements of fish are 

considered to be the sum of the requirements essential for individual amino acids. The decrease in 
values of live weight gain observed in this study as dietary levels of processed dietary cabbage meal 
increases could be due to several factors such as the lower feed intake and components which was 
reported to have the ability to cause marked weight changes (Lilianna et al., 2020).  The result showed 
that Cabbage Meal inclusion at 10% in the diets had significant effect on FCR of Nile Tilapia Juveniles, 
Although increased quantity of dietary Cabbage Meal to 30%, and 50% slightly reduced the fish growth 

Ingredient                   TD1 (0%)            TD2(10%)        TD3(30%)         TD4(50%)       

Maize                                           40                         36               28                           20  

Cabbage Meal                             -- 4                  12                           20      

Fish meal                                     20                         20                20                           20   

Soya Beans meal                        15                         15                15                            15         

Vitamins/Minerals Premix          2                           2                   2                            2   

Vegetable oil                               2                           2                   2                            2

Methionine                                 0.5                        0.5                0.5                         0.5     

Lysine                                         0.5                       0.5                 0.5                        0.5      

Salt                                          0.5                        0.5                 0.5                       0.5     

Bone meal                                  2.5                       2.5                 2.5                        2.5

G N C                                         17   17                   17                      17   

Total                                          100                      100                 100                     100      

Table 1: Quantity of Each  Feed Ingredient
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CONCLUSION

and it also reduced the survival rate from 100% to 70%. Thus, growth increased at 10% Cabbage 
inclusion but further increased inclusion to 30% and 50% slightly reduced the fish growth, this 
confirms Doan et. al., (2018) who reported an increased growth in Nile tilapia when fed a small level of 
Xylo-oligosaccharide derived from dietary cabbage Meal. In contrast, Kakwi and Olusegun (2020) 
observed significantly decreased growth performance in Common Carp (Cyprinus carpio) fed diet 
containing Mucuna pruriens seed especially as inclusion level increased. The same was observed by 
Alegbeleye et. al., (2020), who reported inclusion of toasted Lima beans and boiled pigeon pea seed 
meals at levels of 10-20% and 15-30% respectively without adverse effects or loss in weight in African 
Catfish (Clarias gariepinus). 
The least growth performance was obtained in 50% CLM which contained the lowest proportion of 
processed maize. Similar results were obtained with higher inclusion level for pigeon pea meal (Kari et 
al., 2020); Lima bean (Alegbeleye et al., 2020); Pawpaw seed meal  in C. gariepinus diets. The no 
significant difference (P<0.05) recorded in the growth and nutrient utilization indices of fish fed 
dietary B. oleracea powder showed that the inclusion level  has little effect on the parameters 
measured. B. oleracea powder increased the growth at 10% inclusion more than the Control dIet (0%). 
As B. oleracea powder inclusion increased, there was a gradual reduction in weight gain of the 
Juveniles. This might have resulted because of the anti-nutritional factors in the B. oleracea powder. 
According to Ogbede et al., (2019), Cabbage powder contained a high level of oxalate. This might be 
responsible for the reduction in Protein Efficiency Ratio (PER) and Weight Gain (WG). 

This study established the efficiency of Cabbage (Brassica oleracea) powder at 10% of feed partial 
maize replacement which favours growth, body composition and survival rate indices. Cabbage is 
cheaper than Maize. It contains high nutrients and anti-nutrients, it is important to know the method 
of reducing the ratio of the nutrients to anti-nutrients components to provide beneficial effects to the 
body without decreasing nutrients bio-availability.

Table. 2.  Effect of dietary cabbage meal on growth parameters in Juvenile O. niloticus reared after 
56 days in tanks.
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TREATMENTS

WEEKS            TD1(0%)              TD(10%)           TD3(30%)      TD4(50%)          mean± sem

IABW (g)                  18.00a 18.00.00a 17.00 a 18,00 a 17.75± 0.01       

FABW (g)                220.00              230.00 a 218.00 b 216.00 c            221.00± 0.01             

ATFI (g)                    215                   215                      215                      215                  215. 00 ± 0.01             

AWG (g)                202.00                212.00a    201.00b  198.00 a 203.25± 0,02

FCR                       1.06                      1.01 a 1.07 c 1.08 d 1.05± 0.02

SR (%)                100.00 a 100.00 a 80.00a 70.00 b 87.50± 0.02

Note IABW: initial average body weight; FABW: final average body weight; ATFI: average total feed 
intake AWG: average weight gain; FCR: feed conversion ratio; SR: survival rate. The values represent 
the mean ± the standard deviation.
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GAMETE AND PROGENY QUALITY ASSESSMENT OF Heterobranchus 
bidorsalis BROODSTOCK FED VARYING INCLUSION LEVELS OF 
AQUEOUS Moringa oleifera LEAF-EXTRACT
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INTRODUCTION 
A gamete's quality is determined by its capacity to fertilize or be fertilized and then grow into a healthy 
embryo (Bobe & Labbe, 2010). Spermatozoa and seminal plasma, two of the components of sperm, 
can be used to evaluate their distinct qualities. Parameters like spermatozoa concentration, motility, 
sperm volume, seminal plasma osmolarity, and pH may be included in a standard analysis. Similarly, 
ovarian investment, fecundity, gonadosomatic index, egg morphology, and nutrient proximate 
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ABSTRACT

These findings suggest that Aqueous Moringa oleifera leaf extracted 
diet at 3% inclusion induced higher gamete/progeny quality and 
reproductive performance in H. bidorsalis broodstock.

Aquaculture is the panacea to the world's food crisis. Enhancing fish 
gonadal development and broodstock reproductive performance 
using natural phytogenic feed additives has increased due to their 
safety, effectiveness and environmental friendliness. This study 
investigated the gametes qualities of Heterobranchus bidorsalis 
broodstock fed varying inclusion levels of aqueous M. oleifera leaf 
extract (AMOLE). Four isonitrogenous diets (crude protein=40%) 
were prepared with AMOLE at concentrations: 0% (control), 1.0%, 
2.0% and 3.0% inclusion levels. The Hb (n=108; 800.00+150.00g) 
were distributed in triplicate to treatment diets in a completely 
randomized design. The broodstocks were fed at 5% body weight 
twice daily for 16 weeks. After the feeding trials, the Milt Motility 
(MM), Milt Volume (MV), Milt Concentration (MC), 
Gonadosomatic Index (GSI), Egg Diameter (ED), Fecundity and 
Ovarian Investment (OI) were determined following standard 
methods. Data were analysed using descriptive statistics and One-
way Analysis of Variance at � 0.05. with SPSS 20 software. 3.0%-
AMOLE diet inclusion gave the best %fertilization (79.48±0.29%), 
%hatchability (84.98±0.29%), and %survivability (78.07±0.17%) 
compare to control(0.0%): %fertilization (77.25±0.52), 
%hatchability (70.69±0.81) and %survivability (68.45±0.66). 3.0% 
AMOLE diet had the lowest (190.00±0.01 X106/ml) MC while 
2.0%-AMOLE diet had highest (223.33±0.04 X106/ml) MC. The 
highest MM value was in33.33g) and mean total number of eggs 
(41,889).  3%-AMOLE (85.33±6.06%) and least (81.67±1.7.26%) 
in 2% AMOLE. 3%-AMOLE diet recorded the highest female weight 
(1,533.33g) and mean total number of eggs (41,889).

Keywords:
Feed additives,
Miracle tree, gamete,
African catfish
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compositions can all be used to check the quality of eggs (Onuoha, 2024). 

M. oleifera commonly known as Miracle tree, has gained tremendous popularity in recent time due to 
its unlimited pharmacological, nutraceutical and functional properties as well as its rich nutritional 
benefits for humans and livestock. A wide variety of chemical compounds are found in plants, and 
many of them have been shown to have beneficial effects on nutrient digestibility, growth, 
reproduction and immune status of fish broodstock and progeny acting through different mechanisms 
(Onuoha et al., 2024). Recent studies have shown that fish reproduction can be initiated, moderated, 
catalyzed, monitored and evaluated using phytogenic feed additives. Yet, the use of natural herbs, 
medicinal and aromatic plants in fish feeding is still limited both on the experimental and commercial 
scales (Bello et al., 2014). Therefore, this study was aimed at determining strategies to improve the 
broodstock nutrition and reproduction performance of H. bidorsalis which will assist in enhancing its 
progenic qualities using Aqueous extract of M. oleifera leaves. 

Milt motility: In determining milt motiiity, a droplet of (10µl) of milt fluid was collected from the testes of 
a sacrificed male H. bidorsalis and put on a slide. A drop of distilled water was immediately added (as an 
activating solution) to the sperm on the slide and covered with a cover slip. The movement of the 
spermatozoa then was observed under a microscope (400X magnification) (Canyurt et al., 2008). 

MC = WSC - ISC, %MC = MC x 100/WSC

Where, MC = Motile Sperm Cells, WSC = Whole (total) Sperm Cells, ISC = Immotile Sperm Cells

H. bidorsalis is one of the most preferred catfish which has received much attention and acceptability 
among farmers and consumers recently because of its economic importance and desirable attributes 
such as hardiness, high palatability, fecundity, high disease resistance and fast growth. Hence, it 
commands high commercial values (Agbebi et al., 2009). However, the high cost of fish seeds, and the 
high cost of managing fish broodstock demonstrate the urgent need to look into other, less expensive 
methods of enhancing fish nutrition and reproduction. Phytogenic feed additives (PFAs) have been 
reported to improve fish gamete quality. Hence, to assess the reproduction potential of H. bidorsalis 
broodstock, it is imperative to ascertain the impact of varying inclusion levels of Moringa oleifera on 
the development of gonads. 

MATERIALS AND METHODS

08 samples consisting of eight-month-old H. bidorsalis weighing 800.00g+150.00g were randomly 
distributed into 4 treatment groups and replicated thrice in outdoor concrete tanks of size 6m x 4m 
x1.3m at 0.45m water level and fed at 5% body weight twice daily for 16 weeks. Varying inclusion 
levels containing 0.0 g/100g (control), 1.0/100g, 2.0/100g, and 3.0/100g of Aqueous extract of 
Moringa oleifera leaf dietary inclusion were applied during the feeding trial

Experimental Design

Male and Female Fish Performance (Milt/Egg quality analysis)
Milt volume: Each testis lobe was incised. The milt was squeezed out into a petri dish and measured 
with a graduated plastic syringe  (Alavi et al., 2008).

The Motile Sperm Cells (MC) were calculated thus:

                                    Total no of sperm cells      1

Milt concentration: Haemocytometer counting chamber was used under a light microscope (400X 
magnification) to calculate the milt concentration (Alavi et al., 2008). 

Percentage of Live/ Dead milt (survivability) (Tijani and Ajani, 2017).

  % of live sperm cells = No of live sperm cells   x 100  
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Stripping percentage: This was calculated as described in Brzuska (2003) as follows:

Gonadosomatic index (GSI):  The formula used was patterned after the formula expressed and used 
by Offem et al (2008) for the female gonad, ovary; expressed thus:

                                Body Weight                 1                         

               Final fish weight (g)         Final fish weight (g)

Oocyte diameter and fecundity estimation: Fecundity Estimation was determined using the formula 
proposed by Ayinla (1988) thus:   Number of eggs stripped (incubated) (AF) = Weight of fish before 
stripping (g) - Weight of fish after stripping X 66.6 

Hormonal Administration: Induced breeding was carried out using the synthetic hormone, ovaprim at 
0.5 ml/kg body weight of the fish (Ajani et al., 2011). 

Selection of Brood stock for induced breeding: 24 broodstocks of H. bidorsalis (12 males and 12 
females) of average weight, 1300±150g and length, 26.5±1.5cm were used for hormonal treatment 
(Tijani, 2014).

PROGENY QUALITY  ASSESSMENT

% GSI = Gonad weight(g) x 100 = Testes weight(g) x 100

Ovarian Investment: Ovarian Investment (OI) is calculated as OI = F x EV; where, F = fecundity 
(number of eggs / g of fish) and EV = mean volume of ripe eggs (Opadokun and Ajani, 2015).

Stripping (%) = Weight of stripped eggs X 100 

Percentage fertilization: % Fertilization = No. of fertilized eggs    X   100

         No                  Total No. of fry at the beginning of the experiment.

Spawning Absolute Fecundity: Total no. of eggs stripped was estimated by counting the egg in 1g 
sample (Sahoo et al., (2005).

                                                                Total No. of Eggs counted     1

% Hatchability =    No. of hatchlings      X             100
                             Total No. of fertilized eggs           1   

Survival rate: This was calculated as described by Ayinla and Akande (1988) as follows:
SR = Ni  X  100  = Total No. of fry at the end of the experiment        x 100

The results of gamete and progeny qualities are found in tables 1. 
RESULTS AND DISCUSSION
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Table 1: Assessment of the reproductive indices of the ovary and testes of H. bidorsalis fed aqueous 
extract of Moringa oleifera Leaf extract

Inclusion Level

Characteristics 0g/100g 1g/100g 2g/100g 3g/100g

Weight of Fish (kg) 1316.67±44.10 1443.33±52.07 1440.00±66.58 1533.33±44.10

Mean weight of ovary (g) 36.38±10.59 47.73±0.94 59.38±7.97 53.53±8.28

Mean total no of eggs 22580.33±40.98b 28672.67±37.74ab 39531.67±18.24a 41889.00±16.73a

Mean oocyte diameter(mm) 10.57±0.35 10.17±0.30 10.50±1.65 12.37±0.94

Mean length (mm) 113.50±11.55 118.00±3.91 143.83±16.09 148.67±6.87

Absolute fecundity 2791.67±125.22 3798.33±52.59 5533.00±42.46 5394.00±65.50

Relative fecundity 2.16±0.97 2.63±0.34 4.54±0.67 3.85±0.73

Gonadosomatic index 2.80±0.84 3.32±0.10 4.14±0.57 3.51±0.57

Mean volume of ripe eggs (ml) 35.28±10.15 41.65±8.79 57.63±4.05 66.31±5.97

Ovarian investment 123370.35±76.34 161377.28±48.31 322069.15±47.36 350496.48±22.94

11.35±10                                
11.35±1.15

36.38±10.59

5.28±0.18

24.48±14.56

0.20±0.05
77.25±0.52

80.86±0.40

Length of Ovary (cm)

Weight of ovary(g)

Diameter of ovary (cm)

Volume of egg (ml)

No of Eggs ×105

%Fertilization

%Hatchability

%Survival rate

75.54±0.79c

72.33±0.55b

11.80±0.39

47.73±0.94

5.08±0.15

41.65±8.79

0.28±0.03
78.01±0.71

b

75.37±0.61ab

14.38±1.61

66.04±14.27

5.25±0.83

55.57±4.56

0.50±0.10
78.35±0.72

70.69±0.81d

68.45±0.66c

14.87±0.69

51.87±10.08

6.10±0.43

73.90±14.44

0.40±0.06
79.48±0.29

84.98±0.29a

78.07±0.17a

Weight of fish (g)
Length of testes (cm)

Weight of testes (g)

Testes diameter (cm)

Milt Volume (ml)
Milt Conc (x106/ml)
Survival rate @ 5mins (%)          
Milt Motility (%)
Gonadosamatic Index

1250±0.01a

4.63±0.14

1.19±0.46

2.90±0.35

1.42±0.37
211.33±0.02a

75.00±0.01
85.00±7.51

0.19±0.01

1333±0.12b

4.53±0.82

1.81±0.82

3.43±0.66

1.88±0.68
208.00±0.01a

77.00±0,02
83.33±6.01

0.28±0.02

1260±0.23c

5.63±0.67

3.25±1.50

4.23±0.54

3.30±0.75
223.33±0.04b

76.02±0.04
81.67±1.7.26

0.40±0.01

1377±0.23c

4.58±0.28

1.75±0.58

3.77±0.37

1.60±0.64
190.00±0.01c

79.00±0.02
85.33±6.06

0.20±0.01

DISCUSSION

Mean ± SE in the same row with no superscripts are not significantly different at p > 0.05

The length of ovary, weight of ovary, diameter of ovary and the volume of the ovary as well as the 
number of eggs and rate of fertilization of the eggs did not differ significantly (p > 0.05) in the fish fed 
aqueous extract of MOL at the various inclusion levels. The weight of fish, percentage hatchability of 
the egg and survivability were however significantly influenced (p < 0.05) by the dietary aqueous 
extract of MOL. The weight was significantly higher in the fish fed 3g/100g of MOL diet (1533.33g) 
compared to the control 0g/100g which had the least weight (1316.66g). The percentage hatchability 
was significantly highest in fish fed 3g/100g aqueous extracted MOL based-diet (84.98%) while the 
lowest was recorded in fish fed 2g/100g aqueous extracted MOL based-diet (70.69%). Fish fed 
1g/100g aqueous extracted MOL based-diet had a significantly higher (p < 0.05) hatchability than the 
control group (0g/100g). 
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Alavi SMH, Cosson J, Karami M, Mojazi AB. and Akhoundzadeh MA (2004). Spermatozoa motility in the 

The Male fish fed 2.0/100g AMOLE diet, however, produced the highest testicular weight 
(3.25±1.50g), and sperm volume (3.30±0.75ml) but lowest motility (81.67±1.26 %). However,  the 
lowest testicular weight and sperm volume were recorded in fish treated with the control diet 
(0/100g), 1.19±0.46g, 1.42±0.37ml respectively. While, the highest motility value (85.33±6.06 %) 
was recorded in fish fed 3.0/100g AMOLE diet .

Ajani E.K., Akinwole A.O and Ayodele I.A. (2011). Fundamentals of Fish Farming in Nigeria. Walecrown 

In this study, spawners were injected with ovaprim at the rate of 0.5mlkg-1 Live Body Weight (LBW). All 
treatments had values for number of eggs fertilized (fertilization) being above 20,000, which is 
comparable to the results from Nwokoye et. al. (2007) study. This was also affirmed by Brzuska (2003) 
submission from a similar study that administration of synthetic ovulation stimulators results in higher 
quantity of eggs. H. bidorsalis broodstock fed with 3.0/100g AMOLE recorded the highest figures for 
mean total number of eggs (41,889), female weight (1,533.33g), percentage fertilisation (79.48%), 
percentage hatchability (84.98%) and percentage survivability (78.07%) while the control diet 
(0/100g) had a lower mean total number of eggs (22,580), female weight (1,316.67g), percentage 
fertilisation (77.25%), percentage hatchability (75.54%) and percentage survivability (72.33%). 

 density of Clariasbranchus fry. Journal of Fisheries International. 4(4):73-78.

 Catfish, Clarias gariepinus Fed Walnut (Tetracarpidium conophorum Mull Arg) Leaf and Onion 

Agbebi O.T, Ajagbe O, Makinde L. and Afolabi O (2009). Production, growth and effect of varying stocking 

The survival of hatchling was highest and lowest significantly (p < 0.05) in fish fed 3g/100g (78.07%) 
and 2g/100g (68.45%) respectively (table 1). Of the fertility parameters of the male H. bidorsalis fed 
with AMOLE diet only fish weight and sperm concentration revealed significant differences 
(p<0.05), in values, within treatments compared to control. 

The import of this result is that the Heterobranchus bidorsalis broodstocks fed with Aqueous Moringa 
oleifera Leaf Extracted diet had enhanced gamete and progeny quality with better reproductive 
performance at 3.0g/100g inclusion level.

 persian surgeon, Acipenser persicus. Effects of pH, dillution rate, ions and osmolality. Reproduction 

The male fish fed A3MOLE diet in values had the lowest sperm concentration (190.00±0.01 X106/ml) 
while the 2.0g/100g AMOLE recorded the highest sperm concentration (223.33±0.04 X106/ml) while 
the 1.0g/1oog AMOLE diet had lowest (208.00±0.01 X106/ml SC. Higher significant variations was also 
observed in weight of male broodstock fed 3.0g/100g inclusion level of AMOLE (1377±0.23g),  compare 
to the control diet 0.0 AMOLE which recorded the lowest weight (1250±0.01g). 
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INTRODUCTION
Aquaculture has taken an increasingly prominent position globally as a source of protein in a world 
faced with increasing pressure on capture fisheries resource (Food and Agricultural Organization, FAO, 
2018). Nigeria is the largest fish consumer in Africa due to its high population and among the largest 
fish consumers in the world with over 1.5 million tons of fish consumed annually. Yet, Nigeria imports 
over 900,000 metric tons of fish while its domestic catch is estimated at 450,000 metric tons/year 
(Emmanuel et al., 2013). The value of fish cannot be overemphasized. The rate of increase in 

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

ABSTRACT
The study was carried out to compare the effect of two different 
Probiotic as growth promoter and survival rate of H. bidorsalis 
fingerlings. The feed was formulated using Pearson square method. 
The results obtained on the study shows that the growth of H. 
bidorsalis fed orego-stim supplement shows the weight gain was 
higher in H. bidorsalis fed diet at (15%) inclusion of orego-stim with 
247.03±34.42, followed by other groups and also shows the highest 
at  (15%) level  of  inclusion in superl iv with value of 
513.67±82.28.The lowest value was obtained in the control group. 
The result shows that there is significance difference within and 
between the other groups. The length gain of the H. bidorsalis fed 
with orego-stim supplemented diet at various level of inclusion the 
result shows that 15% level of inclusion was recordedthe highest 
value followed by other groups, and H. bidorsalis fed with superliv 
shows 77.36±11.99 found to be the highest value at 15% level of 
inclusion and other groups respectively. The control group shows the 
lowest with 17.8±5.40. The feed conversion ratio (FCR) of fish fed 
with different level of orego-stim, the 10% group with superliv gives 
the excellence FCR. This indicates that the fish were able to convert 
all the feed given to flesh. The value of specific growth rate 
(205.72±28.65) recorded in the fish fed with 15% of orego-stim 
inclusion level as the highest value followed by 5% 10% and 0% 
inclusion level, the results show that there is no significances 
difference within the treatments. The result of the FCE shows that 
there is highly significance differences between the treatments which 
shows the best at group fed with superliv.

Keywords:
Probiotics, Growth
Performance, Survival
rate and Heterobranchus
bidorsalis
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MATERIALS AND METHOD

population, and the demand for fish has necessitated an increase in aquaculture production (Ochokwu 
et al., 2019). Unlike capture fisheries, aquaculture involves human deliberate activities in the 
organisms' productivity which results in yields that exceed those from the natural environment alone. 
According to the Food and Agriculture Organization (FAO, 2010), 28% of the capture fisheries 
resources are overexploited which result in decrease in fish supplies. With capture fishery production 
relatively static since the late 1980s, aquaculture has been responsible for the continuing impressive 
growth in the supply of fish for human consumption. Meanwhile, the demand for fish is increasing with 
the rising world population (FAO, 2018). 

Feed additives are substances which are added in trace amounts to a diet or feed ingredient either to 
preserve its nutritional characteristics prior to feeding, to facilitate ingredient dispersion or feed 
pelleting, to facilitate growth, facilitate feed ingestion and consumer acceptance of the product, or to 
supply essential nutrients in purified form (FAO, 2019). Functional feed additives include phytogenic 
compounds, mycotoxin binders, organic acids, immune – stimulants, yeast products, probiotics, 
prebiotics, enzymes (Alemayehu et al., 2018). Growth promoters are a kind of feed additives that are 
principally chemical and/or biological substances added to fish feed with the aim of improving fish 
growth (Dada, 2012). In intensive and semi-intensive aquaculture systems, growth promoters have 
become an essential part of fish diet in improving food conversion ratio (FCR), significant reduction in 
mortality and enhancing digestion of fish. The use of such feed additive has been proven to be 
successful in aquaculture (Ajiboye et al., 2012). It is necessary for fattening fishes and improving the 
utilization of food to obtain better production and financial results.

Feed represents around 50 – 80% production cost in aquaculture and proper nutrition is one of the critical 
factors in aquaculture which depends on a nutritionally balanced diet and low cost of production with the 
mixture of both organic and inorganic components (Bharathi, et al., 2019). Fish feed enhances optimum 
growth and resistance to diseases when it contains proper proportion of proteins, carbohydrate, lipids, 
vitamins and minerals. Nevertheless, nutrients in fish feeds are optimally utilized when the feed stuffs are 
acceptable and palatable to the fish. Cost of production can be reduced if growth performance and feed 
efficiency are increased in commercial aquaculture (Dada and Olugbemi, 2013). 

The research was conducted in Disa Fish Farm limited located in T-junction area in Potiskum local 
government, Yobe state Nigeria on the A3 highway at 11043'N 11004E/11.7170N 11.0670E. The 
Potiskum lies on 426m above sea level and the average annual temperature of 24.90C and annual 
precipitation of 713mm. Climate-Data (2012).

Experimental diet collection and preparation

Proximate analysis of the experimental diets: Proximate analysis of the experimental feeds was 
performed based on methods of AOAC (2002), at the Department of Biochemistry Gombe State 
University Nigeria (Table 2). The moisture content, ash contents, crude protein, crude fiber, crude 
lipid and carbohydrate was analysed.

Study Area

All the feed ingredients used for the experiment were like fishmeal, soybean, wheat offal, groundnut 
cake, vitamin premix, salt; oil and starch were bought from Potiskum Market except for the probiotics 
from Animal Care Company in Kano. 

Experimental fish
Total number of one hundred and eighty (180) mixed sex with average weight of 2g and length of 4cm 
fingerlings of African catfish (Heterobranchus bidorsalis) fingerlings was purchased from PUTERI fish farm 
Kano for the experiment. The fish were transported using fifty liters jerry can to Disa Farm where the research 
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Data analysis 

was conducted. The fingerlings were then acclimatize for one week before the onset of the experiment and 
fed with 2mm of vital feed at 5% of their body weight at three times of the day during this period.

RESULTS 

The data obtained was subjected to one way analysis of variance (ANOVA) to determine the 
differences between the mean.

TABLE 4.1 Growth Parameters H. bidorsalis feds on Orego-stim growth promoter

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Parameters 0
(%)

5
(%)

10
(%)

15
(%)

Initial weight (g) 32.0±4.50a 31.15±1.4a 34.38±1.30a 35.67±1.76a

Final weight(g) 170.56±88.39a 208.33±4.42a 195.83±19.77a 282.70±32.66c

Initial length (cm) 98.00±4.34a 94.83±2.33a 102.03±1.22a 100.77±1.89a

Final length (cm) 113.30±8.50a 127.43±7.23a 108.27±6.39a 153.10±17.67a

Weight gain (g) 126.00±6.23a 177.03±3.02a 161.00±19.55a 247.03±34.42a

Length gain (cm) 17.8±5.40a 32.60±4.95a 6.83±5.58a 52.36±19.53a

SGR 95.00±0.91a 147.50±.2.50a 134.13±16.27a 205.72±28.65a

FCR 0.28±0.61a 2.70±0.11a 1.18±0.14b 1.67±0.13b

FCE 0.32±0.04a 0.43±0.03a 0.40±0.05a 0.61±0.08a

PER 2.65±0.56a 3.93±0.06a 3.56±0.42a 5.48±0.76a

Survival rate (%) 93.33±7.43ab 62.22±2.22a 55.10±5.84a 77.33±5.92a

The study on the dietary effects of orego-stim and superliv meal on the growth performance and 
survival rate of H. bidorsalis fingerlings was conducted. The growth performance in respect of final 
weight, weight gain, final length, length gain of H. bidorsalis fingerlings was higher in superliv followed 
by orego-stim and the lower value was obtained in control.  This value is similar to higher values of 
weight gained in C. gariepinus fingerlings fed with ear leaf (Acacia auriculiformis) as feed additive 
Omosowone (2019). Also Dada, (2015) reported weight gained by C. gariepinus fed (Telfairia 
accidentalis) leaf powder as feed additive which was lower than current study, Aeshad et al. (2021) also 
reported on the effect of sodium bentonites as a growth promoter tested on Epinephelus fuscoguttatus 
the result also shows lower values than the current study. Adekunle Ayokanmi Dada, (2012), also 
reports on Nile tilapia (O. niloticus) fed with superliv herbal powder the results was lower than the 
current study irrespective of the duration. The final mean length recorded in this study was higher than 
that reported by Anene, (2012) who used Adenosonia digitata seed in the diet of Clarias gariepinus 
fingerlings, the higher result may be due to the difference in the dietary composition level of superliv 
compared to compare to Adenosonia digitata. The higher value obtained in this study may indicate the 
effectiveness of superliv over oregostim in promoting growth in H. bidorsali fingerlings.

Mean ± SE followed by the same superscript letter (a) indicated not significantly different at P < 0.05

DISCUSSION
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Mean ± SE followed by the same superscript letter (a) indicated not significantly different at P < 0.05
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Higher value of feed conversion ratio was found in group fed with superliv followed by orego-stim with 
2.70 and 2.20 of H. bidorsalis fed A. auriculiformis leaf diet was reported by (Afe et al., 2019). Medicinal 
herb in diets also promoted growth and feed conversion efficiency in shrimp (Olmedo sanchezet al.2009). 
Similar results were reported by Turan (2006) who used the medicinal herb red clover Triffolium protense 
as a growth promoting agents for tilapia O.aureus. Better feed conversion ratio was obtained both in this 
study which could be as a result of effectiveness and high nutrient composition of the diet supplement. 
Survival rate was higher in control, this percentage was higher within the group in control than the other 
groups, this indicates higher than 90% survival of C. gariepinus fed commercial herbal feed additive 
(Aquapro) reported by (Dada and Olubemi, 2013), low survival percentage observed in this work could be 
attributed to stress and other exogenous substances.

CONCLUSION
This study has shown that incorporating growth promoter supplements in the diet of H. bidorsalis can 
lead to higher growth and better nutrient utilization of feed .Therefore the use of both Superliv and 
Orego-stim natural herbal as supplement in fish feed can boost feed conversion and also promote 
growth. Fish farmers should therefore be encouraged to supplement these feed additives in fish diet. 
Functional feed additives are used for, higher productivity and enhanced resistance to infectious 
disease, which would ultimately lead to sustainable aquaculture. Therefore based on the results of the 
present study, I conclude that the effect of the Orego-stim and Superliv as growth promoter on the 
growth performance of H. bidorsalis fingerlings depends on the inclusion level of the growth promoter 
used for this study.

TABLE 4.2.1 Growth Parameters of H. bidorsalis feds on Superliv growth promoter

Parameters 0

(%)

5

(%)

10

(%)

15

(%)

Initial weight (g) 32.0±4.50a 29.66±1.96a 29.66±1.85a 35.67±2.84a

Final weight(g) 170.56±88.39b 250.83±19.47b 268.67±14.67ab 549.33±84.89a

Initial length 

(cm)

98.00±4.34a 98.12±1.58a 99.20±2.04a 107.47±3.49a

Final length (cm) 113.30±8.50a 130.33±9.48b 135.80±7.85ab 184.83±15.43a

Weight gain (g) 126.00±6.23a 221.00±19.65b 239.00±12.85b 513.67±82.28a

Length gain (cm) 17.8±5.40a 31.90±8.89b 36.63±7.85ab 77.37±11.99a

SGR 95.00±0.91a 184.15±16.28b 198.60±10.77b 427.93±68.48a

FCR 0.28±0.61a 2.29±0.19a 2.10±0.11a 1.03±0.19b

FCE 0.32±0.04b 0.54±0.04b 0.59±0.03b 1.28±0.20a

PER 2.65±0.56a 4.90±0.43b 5.30±0.29a 11.41±1.82a

Survival rate 

(%)

93.33±7.43a 77.78±5.87a 70.89±4.55a 77.55±7.93a
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ASSESSMENT OF NUTRITIONAL AND PHYTOCHEMICAL COMPOSITION 
OF Cnidoscolus chayamansa FOR USE AS ADDITIVES IN AQUACULTURE 
FEED

The demand for plant-based protein rich food has increased due to high cost of animal protein. Some 
plants are reach in plant protein and other nutritional benefits making them an excellent choice for a 
balanced diet. Chaya, also known as Cnodosculus chayamasa, is a green leaf of a shrubs that has many 
health advantages and consumed in Nigeria (Iwuji et al., 2013). Chaya, a member of the 
Euphorbiaceous family, is often referred to as "hospital is too far" in Nigeria. It is frequently found in 
tropical and subtropical regions of the world, such as India, North and South America, Africa, the 
Sahara, and others (Awoyinka et al., 2007). 
Chaya leaves may have antibacterial and anti-diabetic effects in addition to reducing anemia and 
osmotic fragility brought on by a lack of protein, energy as reported by Oladeinde et al., 2007. 
Although phytochemicals are regarded to be the main bioactive component promoting the health 

INTRODUCTION 
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ABSTRACT
The nutritional and phytochemical properties of both fresh and dried 
chaya leaves meal (Cnidoscolus chayamasa) for use as additives in 
aquafeed production was assessed. Fresh leaves of the Chaya plant 
obtained from chaya plant growing at the residential quarters of 
Nigerian Institute for Oceanography and Marine Research of Victoria 
Island Lagos Nigeria, were washed, sun dried and milled into fine 
powder using a milling machine (Inifitek, Whirlwind mill 370w, 220V). 
The leaf powder was sieved using a 1.18mm laboratory sieve. The 
moisture content significantly differed, with its values ranging from 
79.00±0.32% in fresh leaves to 9.40±028% in the dried leaves while 
the protein content of the dried chaya leaves was 28.54± 0. 11% which 
is significantly higher (P>0.05) than the protein content 
(5.26±0.23%) of fresh sample.  Phytochemical screening of the leaves 
highlighted the presence of bioactive compounds which included 
Tannins, Phenols, Oxalate, Antioxidant and Alkaloids.  Results of the 
elemental analysis showed that Chaya leaves contained the minerals, 
Calcium, Magnesium, Potassium, Sodium, Manganese, Iron, Zinc, 
Phosphorus and Copper. The results obtained from this study indicated 
that the leaves of Chaya contain nutrients and mineral elements that 
may be used as additive in aquafeed production.

Keywords:
Chaya leave, antioxidants,
Phytochemical, Minerals,
aquafeed
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MATERIALS AND METHODS

benefits of most plants, there are also anti nutritional factor that inhibit the absorption of this in 
animals and human (Alabi and Babalola, 2015). Tannins in plant material have the potential to become 
anti-nutritional factors at high levels (over 50 g/kg DM), which may impair an animal's intake and 
digestibility of feed (Jibrin et al., 2018). Juthamas et al., 2021 carried out studies on chaya leaves to 
determine potential health advantage but complete benefits of the leaves have not been determined 
due to the presence of toxic and anti- nutritional factors. The complete benefits of this leaf have not yet 
been discovered due to the presence of naturally occurring toxic components in the plant (Shittu et al., 
2014). However, Garcia et al., 2017 reported that chaya leaves are more nutritious than spinach. This 
study was carried out to assess the nutritional and anti-nutritional properties of chaya leaves for use in 
aquafeed production.

Total carbohydrate: The amount of total carbon hydrogen was obtained by deducting the percentages 
of moisture, fat, protein, and ash from 100%. An examination of mineral content was conducted using 
the AOAC 968.08 technique. Every measurement was made three times, and the results were given in 
grams per 100 grams of dry weight samples (g/100gdw). 

The anti-nutrient composition of fresh and dried Chaya leaf was conducted to identify the presence of 
Tannins, phenols, oxalate, antioxidant and alkaloids using established techniques (Software, 1982; 
Trease and Evans, 1993). 

Mineral Composition of Chaya Leaf

Moisture Content: The moisture content was ascertained using the 930.15 method of the Association of 
Official Analytical Chemists (AOAC). The samples were dried to a consistent weight at 100±5°C in a hot 
air oven. The moisture content was determined by calculating the difference between the initial and end 
weights. By burning the material at 550°C, the amount of ash was ascertained (AOAC, 942.05 technique).

Determination of Anti-Nutritional Composition of Chaya Leaf

Fresh leaves of the Chaya plant (C. chayamansa) were obtained from chaya plant growing at the 
residential quarters of Nigerian Institute for Oceanography and Marine Research of Victoria Island 
Lagos Nigeria. The leaves were washed and sun dried. The dried leaves were milled into fine powder 
using a laboratory milling machine (Inifitek, Whirlwind mill 370w, 220V), sieved using 1.18mm 
laboratory sieve to remove the residues. The fine particles were used for proximate, mineral and anti-
nutrient composition. 

Sample Collection

Chemical Analysis Chaya Leaves (C. chayamansa).

Crude Protein: The digestion equipment (Digester, model 2020) processed the sample (2 g) for 45 
minutes. After that, the distillation unit (Khjeltdah System, distilling unit, model 1026) was used to 
distill the digester. Ultimately, crude protein was obtained by multiplying the total nitrogen by a 
conversion factor of 6.25 after it was titrated with 0.2 N HCL. 

The suggested techniques of the Association of Official Analytical Chemistry (A O A C.968.08) were 
followed in determining the mineral composition of the leaf. 

Crude Fat and Fiber: The AOAC 920.39 technique was used to analyze crude fat. For crude fibre, two 
grams were weighed and subjected to a 30-minute digestion process using 0.128 M H2SO4 and a few 
drops of octanol in a Hot Extractor, Model-1017. The acid was eliminated through filtering and 
washing with boiling water. After 30 minutes of boiling with 0.223 M KOH, the residue was cleaned 
using acetone and hot water. The residue was burned for three hours at 500°C in a muffle furnace after 
being dried for two hours at 130°C in an oven. The weight decrease was indicative of the raw fiber. 

Data was analyzed using ANOVA, and the Duncan's Multiple Range Test technique (Steel and Torrie, 

The sample was analyzed for proximate composition at JAAGEE Nigeria Limited, Ibadan, Oyo State. 

Statistical Analysis
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1980) was used to separate the treatment means for significant differences. The statistical package for 
the social sciences, version 20 for Windows (SPSS, 2013), was used for all of the studies.

RESULTS AND DISCUSSION
proximate Composition
The Proximate analysis of fresh and dried leaves was presented in Table 1. Crude protein 5.26±0.23%, 
ash content 2.49±0.12%, crude fiber content 2.16±0.03% while for the dried leaves crude protein 
was 28.54± 0. 11%, crude fat 3.01±0.05%, and carbohydrate 42.09±0.46%. The moisture, crude 
protein, crude fiber and energy content were higher than reported in Cnidoscolus aconitifolius Alemu 
et al., (2023). However, the author reported ash content to be the same and the carbohydrate lower. 
The variances in the proximate compositions with the other study could be attributed to 
environmental factors such as soil types, season, geographical location, provenances, harvesting time 
and stage of maturity. The protein level of 28.54% obtained in this study indicates its potential as a 
protein supplement in aquafeed production and may be useful in areas facing a shortage of protein 
source. The values obtained for energy in this study was higher than obtained in some edible leafy 
vegetables, Moringa oleifera, Telfairia and Brassica oleracea as reported by Iyaka et al., (2014). The 
results obtained from this study and early studies indicate that Chaya leaf could be a good source of 
protein, energy and building block for the body.
 
Table1. Proximate Composition of Chaya leaf meal.
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Parameters  Samples 

Fresh sample (%) Dried sample (%) 

Moisture 79.00±0.32 ª  9.40±0.28 b 

Crude Protein
 

5.26±0.23
 

b 
28.54±0.11ª

 

Crude Fat
 

0.70±0.02
 

b 
3.01±0.05
 

ª
 

Fiber
 

2.16±0.03
 

b
 

7.43±0.40
 

ª
 

Ash
 

2.49±0.12
 

b
 

9.53±0.23
 

ª
 

Carbohydrate
 

10.39±0.03

 

b
 

42.09±0.46
 

ª
 

Energy (Kcal/kg) 
  

607.25±0.14

 

b

 

2727.90±0.51ª
 

 

Values with same letters along rows are not significantly (P<0.05) different 

Mineral Composition 
The mineral composition of Cnidoscolus chayamansa leaves is presented in Table 2. The results 
showed the presence of calcium, magnesium, potassium, sodium, manganese, iron, copper, zinc and 
phosphorus in the leaves sample. The value obtained for mineral composition of dried and fresh leaves 
showed calcium value of 2066.43±23.20 mg/100 g and 514.62±11.61 mg/100 g, the magnesium 
content 371.67±40.99 mg/100 g and 120.17±1.07 mg/100 g, Potassium content 1270.53±37.52 
mg/100 g and 315.37±2.68 mg/100 g, zinc content of 0.72±0.00 mg/100 g and 3.36±0.02 mg/100 g, 
the iron content 107.76±7.10 mg/100 g and 11.64±0.69 mg/100 g respectively. The report of this 
study showed that consumption of this vegetable would supply adequate amount of calcium needed by 
the body as Calcium is an important dietary mineral for strong bones, teeth and absorption of vitamin 
B12 in the body. The values of Magnesium, Iron, Sodium in this present study is higher than obtained in 
Cnidoscolus aconitifolius by Iwuji et al., (2013) and Alume et al., (2023). Iron is involved in the 
formation of hemoglobin, myoglobin, growth, and boost immune system, as cofactor for enzymes. 
Sodium is required by the body to maintain normal levels of fluid inside the cell and regulates blood 
pressure. Potassium maintains levels of fluid outside the cell. According to this study, the values of 
phosphorus and manganese are lower than obtained by Iwuji et al., (2013). Zinc and manganese are 
dietary trace elements needed for a healthy immune system among other functions. 
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Table 2. Mineral Composition of Chaya leaf meal; Mean ±SEM

 Minerals  Fresh sample (Mg/kg) Dried sample (Mg/kg) 

Calcium 514.62±11.61b 2066.43±23.20a 

Magnesium
 

120.17±1.07b 
371.67±40.99a 

Potassium
 

315.37±2.68b
 

1270.53±37.52a
 

Sodium
 

150.07±7.10b

 

615.37±28.98a

 

Manganese 1.00±0.11b 3.56±0.28a

Iron 
 

11.64±0.69b

 

107.76±7.10a

 

Copper

 

1.39±0.01a

 

0.74±0.00b

 

Zinc 

 

0.72±0.00b

 

3.36±0.02a

 

Phosphorus

 

8.82±0.69b

 

13.86±0.40a

 

 

Anti-Nutritional Composition of Chaya Leaves 

Table 3.  Anti-nutrient composition of Chaya leaf meal; ±SE

The results of anti-nutritional composition as presented in Table 3 revealed the presence of Tannins 
(12.62±0.04%), Phenols (15.08±0.57%), Oxalate (16.43±0.11%), Antioxidant (37.22±0.23%) and 
Alkaloids (0.50±0.05%) in fresh leaves. Higher concentration of Tannins (18.25±0.05%), Phenols 
(22.05±0.28%), Oxalate (110.92±0.72%), Antioxidant (40.98±0.28%) and Alkaloids 
(1.23±0.02%) were observed in the dried leaves. The phenol content of Chaya leaf in this study is 
quite higher, although lower than that in Cnidoscolus Aconitifolius by Alemu et al., (2023) and Orji et 
al., (2016). The presence of phenol is a clear indication that the plant can be exploited in 
pharmaceuticals for the treatment of many disease conditions. The presence of phenols makes the 
plant a potential cancer therapy because phenols are well known for the enormous ability to combat 
cancer Orji et al., (2016). 
 The value of Oxalate obtained in this study is higher than that reported by Babalola and Alabi (2015). 
Oxalate is known to interfere with calcium absorption by forming insoluble salt of calcium. This 
insoluble salt of calcium is capable of passing through the excretory system and interferes with the 
efficient working of the kidney, otherwise causes a disease called kidney 

Anti-nutrient Samples 

Fresh sample (%) Dried sample (%) 

Tannins 12.62±0.04b 18.25±0.05a 

Phenols 15.08±0.57b 22.05±0.28a 

Oxalate 16.43±0.11b 110.92±0.72a 

Antioxidant
 

37.22±0.23b 
40.98±0.28a 

Alkaloids
 

0.50±0.05b 
1.23±0.02a 

 
Values with same letters are not significantly (P<0.05) different 

The results of this present study showed that Chaya is a rich source of nutrients especially protein and 
carbohydrate and a good source of energy. However, further studies on the appropriate processing 
methods and potent means of removing the anti-nutritional factors is highly recommended.

CONCLUSION AND RECOMMENDATION

Tabulated values are expressed as mean ±SD
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Wide variations in the quality of diet received by fish exist poor processing methods, poor formulation 
and processing, lack of knowledge and understanding of dietary requirement or in appropriate storage 
are factors that could be considered (Southgate, 1993).  Fish feed industry has recognized for many 
years that increased utilization of plant protein in formulated diets is essential, however, there are 
limits to increasing the use of plant-based ingredients.  There is need for these alternative ingredients 
to be cost effective, support optimal fish performance, have minimal environmental impact, and result 
in product that is appealing and nutritious (Barros, et al., 2002). The high cost of feed constitutes 40-
60% of the re-current cost of most intensive fish farm ventures which negates the economic viability of 

INTRODUCTION

This research was conducted to assess the effects of processing 
methods on the quality of some plant by-products use as feed 
ingredients. The feed ingredients were Guinea corn bran, Millet 
bran, Maize bran Rice bran and Tofu soybean and the proximate 
analysis was carried out using AOAC (1990). The results obtained for 
fermented and sun-dried samples are; crude protein content in the 
fermented sample ranged from 28.15±0.39 maize bran to 
14.37±0.02% rice bran, while the crude protein in the sun-dried 
sample ranged from 14.44±0.56 rice bran to 3.48±0.24% maize 
bran. The crude lipid in the fermented sample ranged from 
24.15±0.00 millet bran to 4.51±0.01% maize bran, while the crude 
lipid in the sun-dried sample ranged from 15.21±0.01 Tofu soybean 
to 5.16±0.01% maize bran. The fiber in the fermented sample 
ranged from 28.15±0.39 to 0.25±0.10% Guinea corn bran, while 
the fiber content in the sun-dried sample ranged from 26.65±0.00 
rice bran to 3.48±0.24% maize bran. The ash in the fermented 
sample ranged from 10.53±0.01 soybean bran to 3.75±0.00% 
guinea corn bran, while the ash content in the sun-dried sample 
ranged from 15.44±0.01 maize bran to 4.28±0.01% soybean bran. 
Further studies should be carried to assess the potential of these feed 
ingredients using cultured fish species.

ABSTRACT

Keywords:
processing methods,
feed ingredients,
plant by-product,
aquaculture
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MATERIALS AND METHODS

the farm when cheaper alternatives are not available (Madu et al., 2003). Among the commonly used 
ingredient, fish meal is considered to be the best ingredient due to it compatibility with protein 
requirement of the fish (Alam et al., 1996). However, the development of aquaculture systems 
depends on the use of available local ingredient which will reduce the feeding cost (Allam et al., 2004). 
The aims of this paper to report the nutritional value and use of some selected nonconventional plant 
base diet to replace animal protein.

The basic nutrient that cannot be compromised in the choice of ingredient for feed formulation is 
protein (Zeiter et al., 1984). Hence it became impressive to research into the nutrient composition of 
some of the easily culturable animal protein sources (Sogbeasan 2014). Research on the nutritive value 
of some fish feed ingredients of both plant and animals' sources such as plantain (Falaye and 
Oluruntuyi, 1998), poultry offal (Fasakin, 2008), maggot meal (Faturoti et al., 1995; Faskin et al., 
2004), calabash seed (Saidu et al., 2003), calabash seed meal (Mamman et al., 2013), processed 
pumpkin seed (Jibrin et al., 2018) and water hyacinth (Sotulo, 2008) were reported. There is dearth of 
information on the nutritional value of some plant by-products and soy bean (Glysine max) subjected 
to various processing method. The main objective of this research is to evaluate the effects of 
processing methods on the quality of some by-products as feed ingredients for aquaculture feeds.

The feed ingredients such as Guinea corn bran, millet bran, maize bran, rice bran and Tofu soybean 
were purchased from Kasuwar Dankure market, Sokoto State. Proximate composition was carried out 
using method of AOAC. (1990).
Methods of processing feed ingredients

Sample collection

All the feed ingredients were subjected to sun-dried and fermentation method. 4kg of each ingredient was 
obtained and processed into two different processing methods. The sample was divided into two different 
portions. First sample was processed by sun for 3 days which lettered removed grinded, and labeled and 
lettered subjected to analysis. Second sample was processed by fermenting for 24hrs which lettered 
removed and dried at room temperature and grinded and labeled lettered subjected to analysis.
Proximate composition
The proximate composition of feed stuffs was done by following the procedures of (AOAC, 1990).

In general, non-conventional feed resources (NCFRS) are feeds that are not usually common in the 
markets and are not the traditional ingredients used for commercial fish feed production (Devendra, 
1988; Madu et al., 2003; Sogbesan and Ugwumba, 20012). Nutrient value estimates from the available 
non-conventional sources are high and appear to justify continued investigation of their nutritional 
potentials to enhance profitable fish production (Okoye and Sule, 1999). The major ingredients used 
for livestock and fish feeds are highly competitive between industries, animals and man, this situation 
is likely to get worse if non-conventional sources remain unutilized (Sogbesan and Ugwumba, 2008). 
The nutrient quality of feed ingredients is one of the major prerequisites apart from availability (which 
some time is a function of cost and season) for production of good quality feeds (Zeiter et al., 1984). 

This research was carried out in Agriculture Chemical laboratory in Usmanu Danfodiyo University, 
Sokoto. Sokoto has a land mass of 26, 2648, 481km2 and located between longitude 11030'' to 13050''E 
and latitude 4-60. It is bordered to the north by Niger Republic, to the East by Zamfara and Kebbi to the 
south West (Mamman, 2000). The vegetation, falls within the savanna Zone with semi-arid climate. Open 
tsetse flies' free grassland suitable for cultivation of grains and animal husbandry. Rainfall starts late May 
and ends early September with mean annually rainfall from 500-1300mm (Mamman, 2000).

Experimental Location

Data obtained were subjected to analysis of variance (ANOVA) and, the treatment means were 
Statistical Analysis
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RESULTS AND DISCUSSION 
Proximate composition of processed feed ingredients

The fermented maize bran recorded the highest value of moisture content followed by value recorded in 
rice bran and lower value was recorded in Guinea corn bran, while sun dried Tofu soybean, recorded the 
highest moisture content followed by value recorded in rice bran and the lower value was recorded in 
millet bran, and were significantly different (p<0.05). This observation was in line with Boyd (1979) who 
reported that water hyacinth (Eichornia crassiopes) when dried contain as much as 7% moisture, the 
author further stated that the plant contains higher moisture and fiber content. The higher moisture 
contents in all the processed samples, this might be due to processing methods and other environmental 
factors. The higher value of lipid content for fermented samples was recorded in millet bran followed by 
value recorded in guinea corn bran and lower value was recorded in maize bran while sun dried Tofu 
soybean   recorded the highest lipid content followed by value recorded in millet bran and the lower value 
was recorded in maize bran followed by value recorded in rice bran, and were significantly different 
(p<0.05). These variations in lipid content of the processed samples could be attributed to the different 
processing methods employed. The lipid content for both sun-dried and fermented samples were lower 
when compared with the value obtained for raw soybean (23.55%) reported by (Paul and Southgate, 
1985), except fermented millet bran with higher value of lipid content (24.15±0.00%) and also the values 
of lipid content obtained in this study for both sun-dried and fermented samples were lower than 42.88± 
0.99% for fermented calabash seed meal reported by Ibeabuchi (2014).

separated for significant differences following the procedure of Duncan's Multiple Range Test (Steel 
and Torrie, 1980). All the analyses were carried out using the computer software Statistical Package for 
the Social Sciences Version 20 for Windows (SPSS, 2013).

Table 1 shows the proximate composition of processed feed ingredients. The feed ingredients are guinea 
corn bran, millet bran, maize bran, rice bran and Tofu soybean were subjected to fermentation and sun-
drying methods. Ash content of fermented soybean bran  recorded the highest value  followed by value 
recorded in millet bran and lower value was recorded in guinea corn  bran while ash content of sun dried 
maize bran recorded the highest value  followed by value recorded in Guinea corn bran and the lower value 
was recorded in Tofu soybean bran, and were significantly different (p<0.05)  These values were higher 
than the values obtained by Hassan et al. (2007) who reported lower value from unprocessed calabash 
seeds. Since ash content represents the index of mineral elements present in the sample, this indicates 
that, the processing has significance effects on the nutritional values of the feed ingredients, this finding is 
also generally higher than 3.7% reported as the ash content of raw calabash seed (Osagie and Eka, 1998).

The  fermented maize bran   recorded the highest value of fiber content followed by values recorded in 
rice bran and millet bran, and lower value was recorded in guinea corn bran followed by value recorded 
in soybean bran while sun dried  rice bran , recorded the highest value of fiber content  followed by 
value recorded in Tofu soybean  and lower value was recorded in maize bran followed by value recorded 
in guinea corn  bran and were significantly different (p<0.05) a. Higher fiber was recorded in 
fermented samples when compared with the values recorded in sun-dried samples, these variations in 
fiber content of the samples could be attributed to the different processing methods employed. The 
value recorded in this study was higher than 3.65% as obtained by (Chinyere et al., 2009) who analyzed 
raw calabash seed, except fermented guinea corn bran with low value of fiber content (0.25±0.10%).
 Crude protein content for fermented maize bran  recorded the highest value  followed by value 
recorded in millet bran and the least value was recorded in rice bran followed by value recorded in 
guinea corn bran while in sun dried method, the higher value of crude protein content was recorded in 
rice bran followed by value recorded in soybean bran ad lower value of crude protein content was 
recorded in maize bran followed by value recorded in guinea corn bran, and were significantly different 
(p<0.05) . Higher crude protein was recorded in fermented samples when compared with the values 
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recorded in sun-dried samples, these variations in crude protein content of the samples could be 
attributed to the different processing methods employed. The high crude protein values recorded for 
the fermented samples is in agreement with Idah and Nwankwo, (2013) who stated that crude protein 
increases with increase in temperature and time. Robinson et al. (2001) reported that feed ingredients 
with crude protein greater than 20% are considered as protein source. 
The higher value of carbohydrate content for fermented samples were recorded in rice bran followed 
by value recorded in soybean bran and lower of carbohydrate was recorded in maize bran followed by 
value recorded in millet bran while in sun dried method, the higher value of carbohydrate was recorded 
in millet bran followed by value recorded in guinea corn bran and lower value was recorded in soybean 
bran followed by value recorded in rice bran and were significantly different (p<0.05) across the 
treatments. The value of carbohydrate obtained in this study was higher than 13.45± 0.95% for 
fermented seed as obtained by Ibeabuchi (2014).

Table 1: Proximate composition of processed feed ingredients
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Parameters Fermented Method

Guinea corn bran Millet bran Maize bran Rice bran Tofu Soybean 
Ash 3.75±0.00e 10.40±0.005ab 4.72±0.01d 9.92±0.01c 10.53±0.01a

Moisture 3.75±0.00e 10.40±0.01c 24.27±0.02a 17.19±0.00b 7.62±0.01d

Lipid 22.62±0.01b 24.15±0.00a 4.51±0.01e 15.89±0.01c 10.98±0.01d

Fibre 0..25±0.10d 15.02±0.01b 28.15±0.39a 14.44±0.02b 4.98±0.02c

Crude protein 16.62±0.25d 20.84±0.37b 28.15±0.39a 14.37±0. 02e 18.23±0.38c

Carbohydrate 47.13±0.24c 39.72±0.38d 32.35±0.37e 54.79±0.14a 52.65±0.40ab

Sun dried method
Ash 12.65±0.01b 5.34±0.01d 15.44±0.01a 9.67±0.01c 4.28±0.01e

Moisture 12.65±0.01c 3.60±0.01e 11.19±0.01d 14.17±0.00b 19.16±0.01a

Lipid 10.67±0.01c 11.58±0.00b 5.16±0.01e 9.016±0.01d 15.21±0.01a

Fibre 4.22±0.01d 15.35±0.01c 3.48±0.24e 26.65±0.00a 25.42±0.00b

Crude protein 7.87±0.25d 9.69±0.44c 3.48±0.24e 14.44±0.56a 12.97±0.52b

Carbohydrate 58.80±0.25b 69.85±0.50a 52.23±0.24c 50.36±2.04d 48.02±0.88e
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ABSTRACT
A study on the effect of Tiger nut, Date palm and Coconut paste 
based diets on reproductive performance of male African Catfish 
(Clarias gariepinus) broodstock was carried out for eight weeks. The 
date palm, coconut and tiger nut were purchased from Lafia Modern 
Market and 1.09±8.23kg each were mixed and blended in four litres 
of water to form paste stock solution. A 40% experimental diets were 
formulated using different proportions of stock solution of 0, 400, 
800, 1200 and 1600 mls. Twenty (20) male brood stocks of Clarias 
gariepinus of average weight of 1.09±8.23kg were sourced from 
Insha'Allah Fish Farm Shabu Lafia. Two of the fish were randomly 
selected and stocked in five treatments (Control, T1, T2, T3, T4) in 
two replicates. The fish were fed with the experimental diets for 
eight weeks at 3% body weight after which they were harvested and 
taken to the laboratory for analysis for sperms counts, motility and 
morphology. The fish were evaluated for percentage fertilization, 
hatchability, and survival rate and charts were used to present results 
for reproductive indices. The result of the study revealed that 
Tigernut+Coconut+Date palm paste formulated diets at 1200 mls 
improved motility, morphology and survival of Clarias gariepinus. 
Highest percentage of motility was recorded in T5 for sperm 
activeness (51.33%) while sluggishness in T2 (44.67%) but dead cells 
were recorded more in T1 (52.33%). Sperm morphology were 
significantly different (P>0.05) and highest percentage for normal 
cells were recorded in T5 (86.33%) while abnormal cells were 
recorded in T1 (42.67%). Fish fed 1600 mls of the paste formulated 
diets had the highest percentage fertilization (93.76%), hatchability 
rates (99.16%) while survival rate was highest in T4. Feeding 
tigernut+coconut+Date palm paste formulated diet to male Clarias 
gariepinus broodstocks improved reproductive performance. 
Tigernut+coconut+Date palm paste formulated diets has pro-

Keywords:
Fertilization, hatchability,
survival rate, sperm count,
sperm morphology 
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Description of the Study Area

Fish with reproductive system impairments, particularly catfish, are typically viewed as sick or as having 
infertility, a negative concept in most cultures. Some of the etiologies of declining male fertility can be 
related to falling androgen levels, decreased sexual activity, alterations in sperm quality, especially, 
motility, morphology, and DNA integrity (Sartorius and Nieschlag, 2010). Study also has shown that 
sperm motility can be changed in a short period and seems to be closely coupled to diet (Daniel et al., 
2019). The benefits of medicinal plants in the treatment of sperm abnormalities have been attributed to 
their antioxidant, anti-inflammatory, and venotonic activity along with their contents that promote sperm 
production and increase blood testosterone levels (Tahvilzadeh et al., 2016). 
Coconuts have also proven to be strong antioxidant, and source of hydration in the prevention of kidney 
stones and reduction of blood pressure (Bhagya et al., 2012). It has long been known that using date palm 
pollen (DPP), the male reproductive dust found in palm blooms, as a dietary supplement can boost libido 
and enhance fertility in both men and women. It is known to contain a variety of compounds including 
amino acids, fatty acids, flavonoids, saponins, and sterols (Tahvilzadeh et al., 2016). Tiger nut has a high 
nutritional mineral content, primarily potassium and phosphorus, as well as a high calorie level (starch, fat, 
sugar, and protein). The oil of the tuber was found to contain 18% saturated (palmitic acid and stearic acid) 
and 82% unsaturated (oleic acid and linoleic acid) fatty acids (Adesanya et al., 2007).
The major concern in fish hatchery is the problem of fish inability to supply viable milt, however, little 
or no mature milt cells could be found which is not enough to complete the process of fertilization. The 
use of medicinal plants especially like the combination of date palm, coconut and tigernut  to ascertain 
reproductive performance of male Clarias gariepinus could be of help to fish farmers and this will 
reduce the cost of maintaining brood stocks. 

INTRODUCTION

MATERIALS  AND METHODS

The twenty (20) male brood stocks of Clarias gariepinus male with average weight of 1.09±8.23kg was 
sourced from a reputable fish farm around College of Agriculture Science and Technology Lafia 
Community. They were acclimatized for two weeks without feed to burn the fat in their abdominal 
cavity. Four fish was randomly selected and stocked in five treatments (T1 (Control), T2, T3, T4, T5) 
in two replicates making a total of twenty  fish for the experiment. The fish were fed with the 
experimental diets (40%CP) containing the stock solution at different proportions. Treatments fish 
were fed for eight weeks after which they was harvested and taken to the laboratory for analysis. 

The date palm, coconut and tigernut were collected from Lafia Modern Market Nasarawa State 
Nigeria. One kilogramme of coconut, tigernut, and date palm fruits were combined and ground into 
paste in 4 litres of water using grinding machine before the formulation of the experimental diets.

The research was carried out at the Faculty of Agriculture Shabu, Lafia Campus, Nasarawa State 
University Keffi, Nasarawa State, Nigeria, for sixty days. 

 
Collection of Brood stock and Experimental Design 

Sample Collection and Preparation of Stock Solution 

fertility property in the study without any adverse effect. Fish 
breeders should incorporate tigernut+coconut+Date palm in the 
diet of Clarias gariepinus broodstock at 1600 mls for high 
reproductive performance. Further studies on the reproductive 
capacity of other fish species should be carried out.
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Table 1: Experimental Diet 
TnCnDp = Tigernut+Coconut+Date palm
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Ingredients T1 T2 T3 T4 T5

TnCnDp paste 0mls 400mls 800mls 1200mls 1600mls
Fishmeal (kg) 19 19 19 19 19
GNC(kg) 27 27 27 27 27
SBM(kg) 29 29 29 29 29
Cassava flour(kg) 12 12 12 12 12
Maize Bran(kg) 10 10 10 10 10
Lysine (g) 0.5 0.5 0.5 0.5 0.5
Methionine(g) 0.5 0.5 0.5 0.5 0.5
Bone Meal(g) 0.5 0.5 0.5 0.5 0.5
Vitamin premix(g) 0.25 0.25 0.25 0.25 0.25
Vitamin C (g) 0.5 0.5 0.5 0.5 0.5
Salt(g) 0.5 0.5 0.5 0.5 0.5
Oil (g) 0.25 0.25 0.25 0.25 0.25
Total 100 100 100 100 100

     total number of eggs incubated

% Hatchability =  number of eggs hatched   X 100

STATISTICAL ANALYSIS

The fish was taken to the laboratory and milt sacs were removed from the abdomen of the fish by 
sacrificing the fish. Sperm count was done with the aid of hemocytometer according to the method of 
Eliasson et al. (2003). Motility of spermatozoa was determined according to the methods of Tijee and 
Oentoeng (2008). Sperm abnormality was determined according to the method adopted by Airaodion 
et al. (2019) while seminal pH was measured using a pH meter as described by Airaodion et al. (2019).

Fertilization and Hatching Rates

           total number of hatchlings 

    total number of eggs fertilized 

RESULTS

% Fertilization =  number of fertilized eggs   X 100

Determination of Sperm Quality 

To remove the milt sac, male broodstocks were chosen at random from each treatment and sacrificed. 
The female broodstock were induced with ovaprim hormone at 0.5ml per 1kg body weight of female 
broodfish intramuscularly. The female broodstock fish were stripped of their eggs in a clean bowl and 
then 1g of each egg was measured into fifteen separate bowls. The percentage of egg fertilized as well as 
the percentage number of egg hatched and percentage survival were computed;

Charts were used to apply analysis of variance to the data. The results were shown as the mean plus the 
standard deviation. The means were compared using one-way analysis of variance (ANOVA), which 
was followed by the Genstat statistical programme version 15. At p<0.05, differences in means were 
deemed significant.

% Survival =   number of fry    X 100

Combined Effect of Tigernut, Coconut and Date Palm on Sperm Motility, morphology and total 
sperm count of Clarias gariepinus Broodstock
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Figure 1, 2, and 3 shows the outcome of the interaction of date palm, coconut, and tigernut on sperm 
quality. The results indicate that there are substantial differences (P<0.05) in the sperm motility, 
morphology and total sperm counts. 

Figure 1: Effect of Tigernut, Coconut and Date Palm paste formulated diet on Sperm Motility of 
Clarias gariepinus Broodstock

Figure 2: Effect of Tigernut, Coconut and Date Palm paste formulated diets on Sperm Morphology 
of Clarias gariepinus Broodstock

Figure 3: Effect of Tigernut, Coconut and Date Palm paste formulated diets on Total Sperm Count 
and Sperm Volume of Clarias gariepinus Broodstock

The result of reproductive performance of fish fed experimental diets is presented in Table 1. The 
percentage fertilization varied substantially (P<0.05), with T5 having the highest rate (93.76±1.89) 
and T4 having the lowest rate (87.03±1.45). Hatchability rates were significantly different (P<0.05) 
from each other and the highest values was recorded in T5 (99.16±1.11) which was slightly higher 
than T4 (97.85±2.11) and T2 (97.80±2.12) followed by T3 (96.98±2.31) while T1 (94.34±1.00) 
was the lowest. The highest survival rate was recorded in T4 (79±0.70), followed by T5 (74±0.66), 
T3 (72±0.68), T1 (68±0.76) while T1 (65±0.66) was the lowest. 

Effect of the combination of Tigernut, Date palm and Coconut paste Diet on Reproductive Performance of 
Male Clarias gariepinus Broodstock 
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Table 1: Effect of the combination of Tigernut, Date palm and Coconut paste Diet on Reproductive 
Performance of Male Clarias gariepinus Broodstock
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Parameter T1 T2 T3 T4 T5

No. of eggs 20,000 20,000 20,000 20,000 20,000
Hatched eggs 12750±11.12 d 14894±11.72 c 14786±11.22 c 17032±13.21 b 18595±13.45 a

Dead eggs 6491±4.23 d 4770±3.47 c 4754±3.1 c 2595±2.32 b 1248±3.11 a

Fert. rate (%) 67.55±1.11 c 76.15±1.04 b 76.23±1.13 b 87.03±1.45 ab 93.76±1.89 a

Hatch. Rate (%) 94.34±1.00 c 97.80±2.12 ab 96.98±2.31 b 97.85±2.11 ab 99.16±1.11 a

Surv. Rate (%) 68±0.76 c 65±0.66 d 72±0.68 bc 79±0.70 a 74±0.66 b

The current study shows that combining tigernut, coconut and date palm had effect on sperm motility. 
Treatments with inclusion of the combination of tigernut, coconut and date palm shows significant 
result better than the control which could be attributed to the potency of the active elements contain 
in the test ingredient. This could be due to presence of a greater concentration of minerals, including 
copper, potassium, magnesium, manganese, iron, phosphorus and calcium (Baliga et al., 2011) and high 
concentration of monounsaturated fatty acids, mainly oleic acid (Alharbi et al., 2021). Similar finding 
was reported by Adeparusi et al. (2010) on male Clarias gariepinus broodstock fed diets 
supplemented with Kigelia African. Adekunle et al. (2019) reported highest milt volume in fish fed 
highest inclusion of Cyperus esculentus due to presence of anti-oxidants. 

Combination of tigernut+coconut+Date palm paste at 1600mls in the diet of African catfish (Clarias 
gariepinus) broodstocks improved survival, motility and morphology of reproductive parameters of 
Clarias gariepinus.

Means with the same superscript are not significantly different (P>0.05) from each other along the row

Fish breeders should incorporate tigernut+coconut+Date palm paste in the diet of Clarias gariepinus 
broodstock at 1600ml for high reproductive performance. Further studies on the reproductive capacity of 
other fish species should be carried out by feeding tigernut+coconut+Date palm paste diet.

Fish fed T5 diets had the highest percentage of normal cell with the lowest percentage of abnormal 
cells vice versa with the control respectively. These results are in agreement with a study reported by 
Al-Essawe and Almashhadani (2010), who reported more of normal cells in mice treated with ethanol 
seed extract of Cyperus esculentus. The results obtained in the study for diets containing test 
ingredient could be due to the nutritional content possess in the plants materials impacting positive 
influence on sex hormones (Agbai and Nwanegwo, 2013). 

DISCUSSION

The study's findings demonstrated that the sperm's greater motility percentage was much superior to 
that of the control diet, with diet T5 having the highest percentages of motility. Fish sperm 
concentration is an important parameter in hatchery reproduction management and it is highly variable 
and depends on species, individuals, fish size, and season (Khanam et al., 2008). The findings of this 
study demonstrated that feeding Clarias gariepinus broodstock with diet rich in tigernut, coconut, and 
date palm paste improves reproductive success. As the amount of test materials is added, the 
percentage of fertilised eggs, percentage of eggs that hatch, and number of hatched eggs of Clarias 
gariepinus larvae rise. Highest survival was observed in fish fed 1200mls of the test ingredients. Similar 
result were obtained by Dada and Ajilore (2009) as they observed high percentage fertilization and 
hatchability in Clarias gariepimus broodstock using 0.25g of kola seed powder per kg of feed. 

CONCLUSION

RECOMMENDATIONS
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Aquaculture is the world's fastest growing food production sector, contributing significantly to food 
security and nutrition, poverty reduction, and economic growth, particularly in rural areas (FAO, 
2020). Once fish are removed from their natural environment to an artificial one, they must be fed 
supplementary diet for proper growth and development (Aliu et al., 2016). Fish feed plays a crucial 
role for fish production in the conventional fish culture system, representing about 60-70% of 
production costs (FAO, 2020). This can sometimes negate the economic viability of a farm if suitable 
feed is not used. This problem has become a major source of fear to many prospective fish farmers in 
Nigeria and an urgent solution must be proffered if fish farming is to be attractive, lucrative and 
sustainable (Adeoye et al, 2021).

INTRODUCTION

The use of insects as animal feed is increasingly promoted as a replacement for fishmeal, which is the 
most expensive ingredient in fish feed formulation (Worldbank, 2022). Among insects, fly larvae are 
particularly promising because they can be produced cheaply and rapidly on organic waste material 
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A comparative study analyzed the proximate composition of Musca 
domestica maggots reared on four substrates: broiler waste, brewers' 
waste, cow dung, and layers waste. The study aimed to evaluate the 
potential of maggots as a substitute for fish meal in aquaculture diets, 
considering the rising cost of fish feed. Each substrate (1 kg dry 
weight) was prepared in duplicates, with 0.5 kg of blood added as an 
attractant and water sprinkled to moisten. The setup was maintained 
under shade at 28–30°C and left open for fly access. Maggots were 
harvested, washed, dried, and milled into powder for proximate 
analysis. The results showed that maggots from layer waste had the 
highest crude protein (40.48%), followed by brewers' waste 
(40.12%), broiler waste (39.25%), and cow dung (38.36%). Crude 
fiber (6.30%) and crude lipid (5.28%) were also highest in maggots 
from layer waste. Ash content was highest in maggots from brewers' 
waste (7.30%), while those from cow dung had the highest nitrogen-
free extract (NFE) at 44.95%. These findings indicated significant 
differences in the proximate composition of maggots across 
substrates. All maggot samples contained sufficient crude protein 
levels, demonstrating their suitability as a potential substitute for fish 
meal in aquaculture. The study underscores the economic and 
nutritional benefits of Musca domestica maggots, highlighting their 
role as a sustainable and cost-effective feed option for the 
aquaculture industry.

ABSTRACT

Keywords:
Musca domestica,
Substrates,
Proximate analysis,
Fish meal.
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MATERIALS AND METHODS
Experimental Design

The data obtained was subjected to ANOVA using SPSS, Statistical package version 20 for windows 
software, the means were separated using New Duncan's multiple range test (DMRT). The 
significance was accepted at p< 0.05.

RESULTS AND DISCUSSIONS

Statistical Analysis

(Pastor et al., 2015). The demand for fish feed can be effectively addressed by ensuring the availability 
of locally produced fish feed. Maggot meal has been identified as a potential alternative to fish meal 
(FAO, 2020). Culture of maggots is used in converting waste of low economic value, for example 
animal dung into valuable animal protein (FAO, 2021).  They are easy to produce, process and are 
relatively cheaper than other sources of animal protein (Leyo, et al., 2023). The overall nutrient 
content (viz: crude protein, lipid and essential amino acid content) of house fly larvae meal may be 
comparable with fishmeal. Rearing insect could be one way to enhance food and feed security 
considering that housefly larvae can feed on waste biomass including fruits and vegetable peels, food 
wastes, sewage, manure and slurry (Adegbeye, et al., 2020), transforming these wastes to high value 
food and feed resources (Cheng, et al., 2021). This study is aimed to assess proximate composition of 
maggots produced from different substrates.

Proximate Analysis
The proximate composition of the housefly maggots obtained from the different substrates were 
determined as described by the Association of Official Analytical Collaboration (AOAC, 2010).

This study was conducted in NAERLS livestock unit, Ahmadu Bello University, Zaria. The experimental 
site is located at 11.1512°N latitude and 7.6546°E longitude. The experiment set up was constructed 
using a 13-liter and 2-liter plastic container with covers. The 6 13-liter containers were perforated at the 
middle and a hose (12 inches) connected to each 13-liters and 2-liters plastic container which served as a 
collecting container for the maggot. 1kg (dry weight) of the different substrates (broiler waste, brewery 
waste, cow dung & layers waste) were weighed and placed in the 13-liter container and replicated 3 times. 
0.5kg blood was added as an attractant, water was sprinkled on each unit to moisten the substrate. The set 
up was kept under a shade and cover was perforated for fly access to the substrates. The temperature was 
within 28-30 0C. The maggots were harvested, washed, dried and milled into powder.

The result from the proximate analysis of housefly maggots (Musca domestica) produced from 
different substrates, as presented in table 1, shows that the maggots produced from the Layer waste 
has the highest crude protein content at 40.48% while those sourced from Cow dung contain the 
lowest at 38.36%. These results are comparable to the crude protein content of 47.1% as reported by 
Aniebo, et al (2008) who produced maggots from the mixture of cattle blood and wheat bran, and also 
the crude protein content of fish meal (ranging from 31.3%-61.2%) as reported by Emran, et al., 
(2016).  The highest crude fibre content is observed in the maggots produced from Layer waste at 
6.30% which is comparable to the crude fibre content at 7.5% as reported by Aniebo, et al (2008). The 
highest crude lipid content was observed in the maggots produced from layer waste at 5.28% which is 
significantly lower than the crude lipid content at 25.3% as reported by Aniebo, et al (2008). The 
highest ash content was observed in the maggots produced from the brewery waste with 7.30% which 
is comparable to the ash content at 6.25% as reported by Aniebo, et al (2008) but doesn't fall within the 
range of Ash content of fish meal at 13.3%-36.7% as reported by Emran, et al (2016). The maggots 
produced from cow dung had the highest NFE with 44.95% which is significantly higher than the range 
of NFE content in fish meal (0.6%-12.6%) as reported by Emran, et al (2016). 
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Table 1 Proximate Composition of Housefly Maggot (Musca domestica) using different substrates
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Processing methods

Constituents Broiler waste Brewery waste Cow dung Layer waste
Crude protein 39.25±0.03c 40.12±0.07b 38.36±0.07d 40.48±0.07a

Crude Fibre 5.20±0.02d 6.13±0.03b 5.65±0.03c 6.30±0.03a

Crude Lipid 4.92±0.01c 5.27±0.03b 4.79±0.03d 5.28±0.03a

Ash 6.12±0.00d 7.30±0.00a 6.25±0.00c 6.44±0.00b

NFE 44.51±0.01b 41.18±0.00d 44.95±0.01a 41.51±0.01c

REFERENCES

CONCLUSION
There is significant difference in the proximate composition of the maggots produced from different 
substrates. The crude protein content of maggots produced from the substrates are all good but the 
maggots produced from the layer waste has the highest crude protein content which makes it the most 
suitable substrate for the production of maggots for aquaculture diets.

Means on the same row with the same superscripts are not significantly different (p<0.0
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INTRODUCTION
Clarias gariepinus is a widely cultivated and consumed fish species in Nigeria, with significant 
economic and nutritional value. The rising cost of feed ingredients has impacted negatively on the 
culture of Clarias gariepinus in Nigeria since about 70-80% of the cost of producing fish goes to feeds 
(Bolorunduro and Adikwu, 2016). With the ever-increasing demand for food nationally, it is expected 
that the cost of plant-based protein sources will continue to rise. This situation is largely due to the 
unavailability of inputs, competition between humans, animals, and industries over basic feed 
ingredients (Dronne, 2018). Fish feed formulation primarily involves the inclusion of proteins and 
amino acids, lipids, carbohydrates, vitamins, and minerals. Protein is the most critical and expensive 
component of fish diet and amino acids are the end products of protein digestion which are crucial for 
growth and development of Clarias gariepinus. Formulating diets based on digestible amino acids 
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ABSTRACT 
This study evaluated the amino acid profile of raw and processed 
Egyptian riverhemp (Sesbania sesban) as an alternative source of 
protein for Clarias gariepinus diet. Six (6) kg S. sesban seeds were 
picked and divided equally into 5 portions of 1.2kg each. One portion 
was kept raw, the second portion was soaked in water, the third 
portion was boiled at 1000c in water, the fourth portion was 
fermented, and the fifth portion was roasted. All five portions were 
milled into powder and subjected to amino acid analysis. The analysis 
of S. sesban seed meals showed significant differences (P<0.05%) in 
the amino acid contents of raw and processed meals. Raw S. sesban 
seed meal showed the highest content of the essential amino acid 
Phenylalanine (13.87). The fermented S. sesban seed meal showed 
the highest contents of the EAAs Arginine (9.97), Threonine (8.20), 
Tyrosine (10.74), Leucine (5.35), and Tryptophan (10.52). Boiled 
Sesban seed meal treatment reported the highest content of the 
EAAs Histidine (5.94), Lysine (16.47) and Methionine (12.98). 
Soaked S. Sesban seed meal treatment reported the highest contents 
of Valine (12.30) and Isoleucine (13.88). Levels of EAAs observed 
for raw and processed Sesbania sesban seed meal in this study are 
sufficient to meet the Amino acid requirement for Clarias gariepinus. 
Thus, S. sesban seed meal is a good alternative source of EAAs for use 
in the Clarias gariepinus diet.

Keywords:
Egyptian riverhemp,
Amino acid,
Clarias gariepinus.
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Collection of Seeds

Determination of Amino Acid Profile

Data analysis

The amino acid compositions of raw and processed Sesbania sesban seed meals (g/100g) are presented 
in Table 1. The raw sample of Egyptian riverhemp seed meal was observed to have the highest contents 
of the amino acids Cystine (11.39) and Phenylalanine (13.87) and the lowest contents of Alanine 
(7.85), Valine (12.00), Isoleucine (12.31), Methionine (12.68), and Tyrosine (9.37). The boiled 
Sesban seed meal treatment recorded the highest value of Histidine (5.94), Lysine (16.47), Glycine 
(7.38), Proline (17.38), Methionine (12.98), and Aspartic acid (1.55) but also the lowest contents of 
Arginine (8.97), Alanine (7.91), Threonine (7.21), Cysteine (11.32), and Tyrosine (9.43). The soaked 
Sesban seed meal treatment reported the highest contents of Valine (12.30), Isoleucine (13.88), and 

allows for the incorporation of alternative protein sources with lower digestibility. This strategy 
enhances the accuracy of least-cost diets and reduces nitrogen waste from aquaculture operations 
(Naylor et al., 2021). Despite the recognized benefits of using digestible amino acids, many regions of 
the world still formulate diets based on total amino acid content (Kim et al., 2020). Nevertheless, the 
rising cost of traditional protein sources is likely to push the aquaculture industry towards utilizing 
cheaper, alternative protein supplements such as Sesbania sesban, which have lower digestibility 
coefficients (Abou-Elezz et al., 2023). Studies have shown that the crude protein content of Sesbania 
sesban can range from 30-40% depending on the processing methods used (Singh & Srivastava, 2024). 
This makes it a promising legume for addressing protein deficiencies in fish diet (Chikagwa-Malunga, 
2018). However, there is a knowledge gap in understanding the effects of processing methods on the 
amino acid profile of Sesbania sesban seeds which necessitates this study.

MATERIALS AND METHODS 

Experimental Design 
Six kilograms (6kg) of Sesbania sesban seeds were thoroughly picked and divided equally into 5 
portions.1.2kg of raw Sesbania sesban seeds were milled and labeled as sample A. Another 1.2kg of the 
seeds were boiled for 1hour 30 minutes at 100oC, the boiled seeds were later sun-dried for 1 day and 
milled into powder using hammer mill and labeled as sample B. The third 1.2kg of seeds were cleansed, 
washed, and soaked in water for 24 hours. The soaked seeds were dried for 1 day, milled into powder and 
labeled as sample C. The fourth 1.2kg seeds were boiled for 1 hour at 100oC and kept in an airtight 
container to ferment for 72hours. The fermented seeds were washed and sun-dried for 1 day, then milled 
into powder and labeled as sample D. Lastly, the fifth 1.2kg of the seeds were stir roasted in an open pan for 
30minutes. The roasted seeds were set aside for 1 hour then milled into powder and labeled as sample E.

Sesbania sesban seeds were collected from Amshi, Jakusko Local government area of Yobe State. The 
area is located at latitude 12.710270 N and longitude 10.875930 E. and processed in the Department 
of animal science ABU, Zaria. The laboratory analysis was conducted at the Multiuser lab of the 
department of Chemistry, Faculty of Science, Ahmadu Bello University, Zaria Located at latitude 

o o11 09' 06'' N and longitude 7  38' 55'' E.

The Amino Acid profile in the raw and processed samples of Egyptian riverhemp seeds were 
determined using the method described by Benitez (1989). The samples were dried to constant 
weight, defatted, hydrolyzed, evaporated in a rotary evaporator, and loaded into the Technicon 
Sequential Multi-Sample Amino Acid Analyzer (TSM).  

Difference among dietary treatment means were tested by one way Analysis of Variance (ANOVA), and 
means were compared using Turkey's Multiple Comparison Test (Steele and Torrie, 1960) to test for 
significance of variation between the means and differences will be considered significant at p< 0.05

RESULTS AND DISCUSSION
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Glutamic acid (1.65) but also the lowest content of Leucine (13.43). The fermented Sesban seed meal 
showed the highest contents of Arginine (9.97), Alanine (7.99), Threonine (8.20), Tyrosine (10.74), 
Glutamic acid (1.65), Leucine (5.35), and Tryptophan (10.52) but also the lowest contents of Lysine 
(16.26) and Glycine (5.78). The roasted Egyptian Sesban seed meal showed the highest content of 
Proline (17.38). The result of this study showed that processed S. sesban seed meal has significantly 
higher (P<0.05) levels of all essential and non-essential amino acids except Cystine and Phenylalanine. 
The essential amino acids content of raw and processed Egyptian Sesban reported in this study were 
significantly higher than the amino acid requirement of Clarias gariepinus as reported by FAO, (2013) 
(Table 1). In this study, Lysine was observed to be the most concentrated EAA while Proline was the 
most concentrated amino acid in S. sesban seed meal. This contradicts the findings of Olaofe et al., 
(1993), Oshodi et al., (1998) and Aremu et al., (2006) all of whom observed that Leucine was the most 
concentrated EAA while Glutamic acid was the most concentrated amino acid in legumes. The 
Leucine contents of S. sesban seed meals obtained in this study are significantly higher than the values 
obtained for some Nigerian legumes; lima bean (7.59 g/100 g protein), pigeon pea (8.40 g/100 g 
protein) and African yam bean (7.45 g/100 g protein) reported by Oshodi et al. (1998).  
Transamination and deamination reactions might be responsible for slight changes in the amino acid 
profiles of raw and processed legumes (Aremu et al., 2009).

Table1. Amino Acid Composition of Raw and Processed Egyptian sesban Meals. (g/100g)
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 TREATMENTS

A (Raw) B (Boiled) C (Soaked) D (FM) E (Roasted) 

Arginine  9.75c±0.11 8.97d±011 9.94b±0.13 9.97a±1.10 9.94b±0.13 3.52
Histidine 5.90c±0.15 5.94a±0.29 5.92b±0.36 5.85d±0.29 5.90c±0.36 1.37
Lysine  16.39b±0.31 16.47a±0.31 16.35c±0.39 16.26e±0.31 16.34d±0.39 5.70
Glycine 7.09c±0.10 7.38a±0.10 5.85d±0.12 5.78e±0.10 7.29b±0.12 -
Alanine 7.85e±0.16 7.91d±0.15 7.94b±0.19 7.99a±0.16 7.93c±0.19 -
Valine 12.00e±0.32 12.12b±0.32 12.30a±0.40 12.04d±0.32 12.11c±0.40 2.08
Isoleucine 12.31e±0.40 12.97b±0.40 13.88a±0.05 12.63d±0.40 12.88c±0.05 1.56
Proline 17.35c±0.07 17.38a±0.07 17.36b±0.08 17.25d±0.07 17.38a±0.08 -
Threonine 7.78c±0.02 7.21d±0.02 8.00b±0.02 8.20a±0.02 8.00b±0.02 2.04
Methionine 12.68e±0.18 12.98a±0.18 12.92b±0.22 12.76d±0.22 12.91c±0.22 2.50
Cysteine 11.39a±0.10 11.32d±0.09 11.35b±0.12 11.35b±0.09 11.34c±0.12 -
Phenylalanine 13.87a±0.23 13.51c±0.23 13.50d±0.28 13.76b±0.23 13.50d±0.28 4.56
Tyrosine 9.37e±0.21 9.43d±0.17 10.54c±0.21 10.74a±0.17 10.55b±0.21 -
Aspartic acid 1.50b±0.15 1.55a±0.15 1.43d±0.19 1.49c±0.15 1.49c±0.19 -
Glutamic Acid 1.55c±0.37 1.60b±0.37 1.65a±0.45 1.65a±0.37 1.60b±0.45 -
Leucine 13.80b±0.07 13.46c±0.07 13.43e±0.08 15.35a±0.07 13.44d±0.08 4.87
Tryptophan 10.40d±0.04 10.47c±0.04 10.49b±0.05 10.52a±0.04 10.40d±0.05 1.10

Means on the same row with the same superscripts are not significantly different (p<0.05)
*Amino acid requirement for Clarias gariepinus (FAO, 2013)
FM: Fermented
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The assessment of the amino acid profile of raw and processed S. sesban seed meal showed significant 
differences (P>0.05) in the EAA contents of all the treatments.  Furthermore, all treatments contain 
significantly high amount of EAAs to meet the dietary requirement of Clarias gariepinus. Thus, S. 
sesban seed meal is an excellent alternative source of EAAs for Clarias gariepinus diet.

CONCLUSION
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 INTRODUCTION
Aquaculture industry is facing challenge of high cost of fish feed, and therefore it is very crucial to 
explore alternative raw materials for feed formulation at the lowest cost. There is also the need to 
increase fish production and as such, need for fish farmers to source for feeding that will supply high 
quality protein to improve the growth of fish (FAO, 2018). Previous studies including that of Ali-
Emmanuel et al., (2003) have already evaluated the efficiency of various plant-based ingredients as 
alternative protein sources in aqua-feed production. Plant sources of feed according to Ayoola and 
Bamiro (2017) contain appreciable crude protein content for maximum productivity. This had 
attracted a lot of trial experiments by fish nutritionists around the world on the use of leaf meal as a 
possible fish meal substitute with the aim of reducing the cost of fish feed (Bairagi et al., 2004). P. 
nigrescens Popularly called African Parquetina in English, Kwakwani by the Hausas, Mgbidingbe by the 
Igbos and Ewe Ogbo among the Yorubas is a shrub commonly found growing in equatorial West Africa; 
not cultivated but as a secondary forest and around villages (Awoniyi et al., 2022; Ayoola et al., 2011; 
Oluwafemi and Debiri, 2008). Previous phytochemical studies of the plant revealed that the ethanol 
extract of the leaves, roots, stem bark, and latex contained phytochemical compounds such as phenols, 
tannins, alkaloids, flavonoids, reducing sugars, phlobatannins, terpenoids, saponins, cardiacgly-cosides, 
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The continuous rise in cost of fish feed necessitates the need to look 
inward for cheaper viable alternative feed ingredients. A nutritional 
study of African catfish (Clarias gariepinus) fed with Parquetina 
nigrescens leaf meal diets was undertaken. Seventy (70) juvenile 
African catfish with an average weight of 237.57g were randomly 
selected, divided into 5 treatments, and stocked at 7 juveniles per 
tank (120litres) with two replicates each. Five experimental diets 
were formulated with 0g (T1), 0.02g (T2), 0.03g (T3), 0.04g (T4) 
and 0.05g (T5) per 100g of dietary inclusion of P. nigrescens 
respectively. The fishes were fed on experimental diet to satiation 
twice daily for 12 weeks. At the end of the feeding trials, data 
collected on growth performance was subjected to one-way analysis 
of variance (ANOVA) using completely randomized design (CRD). 
Results showed significant effect (p<0.05) of P. nigrescens in final 
mean weight, feed conversion ratio and protein efficiency ratio of C. 
gariepinus in diet T3. Based on these findings, it can be said that the 
inclusion of P. nigrescens leaf meal at 0.03g  is the most suitable for 
optimum performance of African catfish.

ABSTRACT

Keywords:
Parquetina nigrescens,
inclusion level,
growth performance,
African catfish 
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Fresh leaves of Parquetina nigrenscens samples were obtained within Ladoke Akintola University of 
Technology, Ogbomoso, Oyo State and Ogbomoso metropolis. Identification and authentication of the 
leaves were carried out at the Crop Production and Soil Science Department of the University using 
leaf geometric structure and public plant image database (Zhang et al., 2020). The leaves were washed, 
air-dried at room temperature for 7days and grounded into fine particles using mortar, pestle and 
grinding machine then stored in a plastic container to avoid contamination prior to analysis. 

MATERIALS AND METHODS

Table 1: Gross Composition of Experimental Diets

Collection and Treatment of Test Ingredients

steroids, and coumarin (Airaodion et al., 2019; Ajayi et al., 2021; Ayoola et al., 2011; Sopeyin and Ajayi 
2016). There has not been any documented report on the effect of P. nigrescens in fish despite its usage 
for treating human aliments in Nigeria. This study therefore determined the effects of P. nigrescens on 
growth performance of African catfish ©. gariepinus).

Feed ingredients were purchased from a reputable feed mill in Ogbomoso and the ingredients used are 
maize, wheat offal, ground nut cake, fishmeal, soybean meal, vegetable oil, oyster shell, bone meal, salt, 
methionine and lysine. Five (35% CP) diets containing varying levels P. nigrescens leaf meal was 
prepared as shown in Table 1. The control diet (T1) has P. nigrescens leaf meal inclusion of 0g, while 
diet T2, T3, T4 and T5 were 0.02g, 0.03g, 0.04g and 0.05g inclusion per 100g feed respectively. The 
feed was pelletized and packaged in polythene bag to avoid contamination wastage and mould invasion.

Ingredients T1

(Control)

T2

(0.02g)

T3

(0.03g)

T4

(0.04g)

T5

(0.05g)

Maize 20.60 20.60 20.60 20.60 20.60

10.30 10.30 10.30 10.30 10.30

GNC            22.20 22.20 22.20 22.20 22.20

SBM 33.30 33.30 33.30 33.30 33.30

Fish meal 11.10 11.10 11.10 11.10 11.10

Bone meal 0.50 0.50 0.50 0.50 0.50

Oyster shell    0.50 0.50 0.50 0.50 0.50

V/Premix 0.50 0.50 0.50 0.50 0.50

Lysine 0.50 0.50 0.50 0.50 0.50

Honey      0.25 0.23 0.22 0.21 0.20

Salt 0.25 0.25 0.25 0.25 0.25

PNM __ 0.02 0.03 0.04 0.05

Qty(g)             100 100 100 100 100

Experimental Procedure

GNC=Groundnut cake, SBM=Soya bean meal, V/premix=Vitamin premix, PNM=Parquetina 
nigrescens meal, Qty= Quantity 

Two hundred (200) juveniles African Catfish, (Clarias gariepinus) having an average weight of 237.57g 
were procured from a reputable farm. The fish were acclimatized for two weeks during which they were 
fed extruded feed twice daily. The water used was well aerated while waste and faeces in all the tanks were 
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     IW = Initial weight(g)

    WG = FW - IW --------------------------------------------------(I)

 Growth nutrients utilization parameters were calculated using the following formulae:

siphoned every day to prevent pollution. After acclimatization period, a total of seventy (70) juveniles 
were randomly selected and separated into five groups of treatments and then distributed into plastic 
tanks (120litres) at the rate of 7 catfish per tank having 4 females to 3 males and replicated two times. The 
fish were fed to satiation twice daily in the morning (8:00am) and evening (4:00pm) while feeding was 
adjusted every two weeks. The fish were weighed fortnightly for the period of twelve weeks using an 
electronic digital weighing scale (Camry Model EK5350 of 5kg capacity, manufactured by SENSSUN 
Weighing) and the record of the feed consumption was also taken. 

Data Collection on Growth Performance

Where:
      WG = Weight gain(g)
     FW = Final weight(g)

     MWG=  Mean Weight Gain(g)

     DWF= Dry Weight of feed consumed(g)

Where:

    MWG = WG÷NF-----------------------------------------------(ii)

     WG= Weight Gain(g)

     WWG= Wet Weight gain(g)

     FWG= Fish Weight Gain(g)

     SGR= Specific Growth Rate(%/daay)

Statistical Analysis
All data collected were subjected to one way analysis of variance (ANOVA) using a completely 
randomized design (CRD) and means were separated by Duncan's Multiple Range Test.

     NCD= Number of Culture days

Where:

     W = Initial Weight(g), W = Final weight(g), Ln = Natural Logarithms 1 2

Where:

    FCR= DWF÷FWG --------------------------------------------(iv)
Where:

     NF= Number of Fish

    SGR= LnW -LnW ÷NCD×100 ---------------------------(iii)2 1

     FCR= Feed Conversion Ratio

    PER= WWG÷PI-------------------------------------------------(v)

     PER= Protein Efficiency Ratio

     PI= Protein Gain(g)

Proximate Analysis
The proximate composition of the P. nigrescens experimental diet was determined using the method of 
Association of Analytical Chemistry (AOAC, 2006).
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Table 2: Proximate Composition of Parquetina nigrescens Leaf Meal 

The proximate composition of P. nigrescens leaf meal is shown in Table 2. The proximate composition of the 
experimental diet in the study revealed that Crude Protein (23.10%) is slightly higher than the value of 
20.6±0.25% and 18.0±0.25% recorded by Adjatin et al., (2013). The protein contents, is however, around 
the normal reported range of protein level found in green leafy vegetables (20.48 – 41.66%) on dry weight 
basis as noted by Hussain et al., (2010). Recent research by Abubakar et al., (2015) and Mwangi et al., (2018) 
also reported as low as 20% crude protein in the diet of African catfish without negative consequence.

RESULTS AND DISCUSSION

Parameters Moisture 

Content

Dry 

Matter
 

Ash 

Content 

Crude  

Fat     

Crude 

Protein 

Crude 

Fibre

% 7.50 92.50 13.50 3.10 23.10 12.20

Growth Performance of African Catfish (Clarias gariepinus) fed with varying inclusion levels of 
Parquetina nigrescens Leaf Meal.
The growth performance of Clarias gariepinus fed with Parquetina nigrescens at different levels of 
inclusion as shown in Table 3 recorded highest protein efficiency ratio (PER) in treatment 3 (1.43) 
which revealed T3 to be the best for C. gariepinus for better feed utilization by converting the feed to 
flesh. As observed by Davies et al., (2006), protein efficiency ratio, is a measure of how well the protein 
sources in a diet could provide the essential amino acid requirement of the fish. The best feed 
conversion ratio (FCR) was also in T3 (1.94). This is in agreement with De Silva (2001), who posited 
that the best feed conversion ratio is between 1.2–1.95 for fish fed carefully prepared diets, and the 
result from the present study falls within this range. FCR decreases and PER increases when the quality 
of protein in the diet improves which indicate increased feed utilization efficiency of fish and reduction 
of production cost (Zahan et al., 2024). Therefore, this study indicated that treatment 3 shows the 
best performance in C. gariepinus with regards to FCR, weight gain, and PER. The values of T3 in 
FMW and MWG were however significantly different (p<0.05) across treatments. 

Table 3: Growth Performance of the African catfish (Clarias gariepinus) fed with varying inclusion 
levels of Parquetina nigrescens leaf meal

Growth 

Parameters

T1
(Control)

T2
(0.02g)

T3
(0.03g)

T4
(0.04g)

T5
(0.05g)

SEM

IMW (g) 237.57 237.57 237.57 237.57 237.57 3.27

FMW(g) 361.92b 347.71b 395.51a 285.43c 322.88c 11.45

MWG (g) 124.35ab 110.14b
 

157.94a 47.86c 85.31bc 9.42

PMWG (%) 52.34a 46.36a 66.48a 20.15b 35.91a 3.64

SGR (%) 0.22a 0.20a 0.26a 0.09b 0.16a 0.19

FCR 2.67b 2.69b 1.94b 4.67a 3.06b 0.19

PER (%) 1.07ab 1.07ab 1.43a 0.61c 0.93bc 0.07

IMW= Initial Mean Weight; FMW= Final Mean Weight; MWG=Mean Weight Gain; PMWG= 
Percentage Mean Weight Gain; SGR=Specific Growth Rate; FCR=Feed Conversion Ratio; 
PER=Protein Efficiency Ratio; SEM=Standard Error of Mean.

All the parameters with different superscripts are significantly different (p<0.05) 
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CONCLUSION

Abubakar, N. S., Mohdnasir, N., Lananan, F., Abdul Hamid, S. H., Lam, S. S. and Jusoh, A. (2015). Optimization 

This study established that inclusion of 0.3% Parquetina nigrescens leaf meal as an additive in African 
catfish (C.gariepinus) feed can be of great benefit to improve their growth rate. 
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INTRODUCTION
Recent research has focused on using plant proteins to replace fishmeal in fish feed due to its high cost 
and limited availability. Studies have examined the suitability of various animal and plant-based 
ingredients, such as poultry-by-product meal and soybean meal (Goda et al., 2007) and fermented 
soya pulp (Li et al., 2021) for African catfish diets at different life stages. However, when using plant 
proteins, caution is needed in their inclusion levels and processing due to limiting factors like high 
crude fiber and anti-nutritional elements. The main challenge is their potential effects on the liver and 
intestine, making histological studies crucial for understanding possible pathologies (Hu et al., 2013). 
The intestine and liver are the most important and vulnerable organs involved in the digestion and 
absorption of nutrients when feeding fish with plant proteins (Li et al., 2021) thus playing a major role 
in growth enhancement. Proteins are broken down into amino acids in the gastrointestinal tract, and 
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ABSTRACT
Fishmeal scarcity and high cost have led to interest in plant-based 
protein sources for inclusion in fish diets. In this study, the possibility of 
substituting fish meal with fermented Prosopis africana seed meal 
(FPM) in the diet of Clarias gariepinus fingerlings and its resultant 
effect on the Histopathology of intestine and liver was investigated. In 
the   84 days feeding trial conducted, diets containing 42% crude 
protein were formulated using fermented Prosopis africana seed meal 
to substitute fishmeal at various inclusion levels (FPM0%, FPM10%, 
FPM20%, FPM30%, FPM40%, FPM50%, and FPM100%). A total of 
210 fingerlings of Clarias gariepinus were grouped in seven concrete 
tanks (2.0 × 2.0 × 1.8 m) in replicates, with each group containing 15 
fish. Experimental fish were fed twice daily at 08:00hrs and 17:00hrs. 
Results obtained revealed villi degeneration in FPM10%, FPM30%, 
FPM40%, and FPM100%, villi atrophy in FPM20% and FPM50%, and 
hyperplasia of inflammatory cells in FPM50%, while vascular 
congestion (FPM20%), sinusoidal congestion (FPM20% and 
FPM30%), pyknotic nuclei (FPM50%), hyperplasia of inflammatory 
cells (FPM10% and FPM100%), and vascular congestion in (FPM40%). 
Villi length and width were inclusion level dependent with FPM10% 
having the highest among the treatments. It was concluded that 
fermentation improved the nutrient profile of P. africana seeds; with 
10% FPM inclusion recommended for minimal adverse pathological 
effects in C. gariepinus. 

Keywords:
Histopathology,
Clarias gariepinus,
Prosopis Africana, Diet
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Prosopis africana, a versatile tree from the Fabaceae family, grows naturally in Africa and Asia 
(Aroyehun et al., 2019). Known as African mesquite or iron tree, it is common in Nigeria's Middle Belt 
and Northern regions, with various local names. The seed are rich in protein and carbohydrate- which 
are used in formulation of animal feed and making of local condiments.

MATERIALS AND METHODS
Collection and processing of experimental feed ingredients 
Dried Prosopis africana seeds were obtained from a local market in Agbo, Vandeikya Local 
Government Area, Benue state, Nigeria, and fermented according to the method described by 
Uzodinma et al., (2020). Other feedstuffs such as soybean meal, fish meal, and yellow maize meal, salt, 
rice bran, palm oil, bone meal, vitamin premix, methionine and lysine were purchased from Sabon Gari 
market, Zaria, Kaduna State Nigeria. Proximate analysis of fermented Prosopis africana seed meals was 
carried out according to the method of AOAC (2005). And the result showed crude Protein (29.70%), 
fibre (5.21%), ash (9.50%), crude lipid (20.40%), carbohydrate (19.14%) and moisture (16.08%)
Experimental diets 
All feed ingredients were weighed using a sensitive electronic balance (Sertorius CP8201) and milled 
into fine particle sizes (0.01mm) and divided for the feeding trial, with one portion used as a control 
without Prosopis africana seed meal. Seven isonitrogenous and isocaloric diets were formulated with 
varying levels of fermented Prosopis Meal (FPM) at 0, 70, 140, 210, 280, 330, and 380 g/kg, replacing 
0%, 10%, 20%, 30%, 40%, 50%, and 100% of the fishmeal (designated FM0, FPM10, FPM20, FPM30, 
FPM40, FPM50, and FPM100) according to Acar et al (2018). The feed was then extruded through 
2mm dice using a pelletizing machine, dried to constant weight, and stored in plastic bags at room 
temperature. The diets, containing 42% crude protein, were sampled (20 g each) in two replicates for 
proximate composition.

once these amino acids enter the bloodstream, they are transported to the liver along with other 
nutrients (Yu and Fukagawa, 2020). Therefore, liver histology is essential for assessing the impact of 
dietary protein on fish health.

African catfish (Clarias gariepinus) is prevalent in Nigerian freshwaters and a key species in 
aquaculture. It is favored for cultivation in Africa, especially in Nigeria, due to its ease of culture, 
hardiness, high survival rate, rapid growth, and acceptance of formulated diets (Musa et al., 2021). 
Recognized for its potential in Nigerian aquaculture, it contributed about 35% of total production in 
2003, making aquaculture crucial for reducing overfishing and meeting the growing fish demand (Udo 
& Umoren, 2011). This study was therefore designed to test the possibility of substituting fish meal 
with fermented Prosopis africana seed meal (FPM) in the diet of Clarias gariepinus fingerlings and its 
resultant effect on the Histopathology of intestine and liver.

Experimental fish and feed administration 
A total of 270 fish for the experiment were purchased from Adam's Farms Dede, Abuja, Nigeria, and 
transported to the Department of Biological Sciences at Ahmadu Bello University, Zaria, Nigeria. The 
fish were acclimatized for two weeks before the experiment began, during which they were fed a 
commercial diet twice daily at 8:00 am and 5:00 pm. The feeding trial was conducted within outdoor 
concrete ponds at Ahmadu Bello University. Fish of uniform sizes were randomly distributed into 14 
ponds (2.0 × 2.0 × 1.8 m) with 15 fish per pond, in two replicates. Each diet was randomly assigned to 
replicate ponds, and fish were weighed at the start. Throughout the 84-day experiment, the fish were 
fed thrice daily (6:00 am, 12:00 noon, and 6:00 pm) at 5% body weight with diets containing 
fermented Prosopis africana seed meal. Fish weight was measured every two weeks using a sensitive 
electronic balance (Sertorius CP8201), and feeding was adjusted according to the new weight. Water 
exchange at 60% was maintained throughout the trial.
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Table 1: Feed Ingredients Composition and Proximate content of the Experimental Diets
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Ingredients FPM0(0g) FPM10(70g) FPM20(140g) FPM30(210g) FPM40(280g) FPM50(330g) FPM100(400g)

P. africana - 70 140 210 280 330 400

Fishmeal 350 315 280 245 210 175 -

Soya bean 340 350 365 380 400 420 525

Yellow maize 130 110 90 60 30 3 2

Wheat bran 110 85 55 35 10 2 3

Bone meal 10 10 10 10 10 10 10

Vitamin 

premix

10 10 10 10 10 10 10

Lysine 20 20 20 20 20 20 20

Methionine 20 20 20 20 20 20 20

Sodium 

chloride

5 5 5 5 5 5 5

Fat 5 5 5 5 5 5 5

Proximate 

composition 

(g/kg)

Crude Protein 41.95 42.16 42.01 42.22 42.04 42.00 42.18

Fat 4.70 5.39 4.80 4.80 4.64 4.48 4.7

Fibre 22.01 15.30 13.75 13.13 12.13 10.62 11.90

Ash 12.22 25.10 27.88 24.73 22.20 19.61 16.12

Moisture 5.26 4.76 5.17 4.48 5.20 4.81 5.42

Nitrogen Free 

Extracts

14.48 7.77 6.97 8.83 13.84 18.97 19.17

All data collected in this study were subjected to SPSS software (version 23) and analysed using One-
way analysis of variance (ANOVA) to test for significant differences (p < 0.05) among the diets' 
treatment groups and control group. Duncan's Multiple Range Test (DMRT) was used to separate 
significantly different means. Value of P < 0.05 was considered significant.

Histological Examination

Intestinal Morphometric and histological sections of Clarias gariepinus fed diet with fermented 
Prosopis africana seed meal
The morphometric and histological sections from the experimental fish, as illustrated in Plate I, 
highlight several histomorphological changes associated with different levels of FPM substitution. Fish 
fed with FPM40 and FPM100 exhibited significant villi degeneration. This degeneration is 
characterized by the loss of cell membrane integrity, suggesting damage likely due to the presence of 

RESULTS AND DISCUSSION 

Data Analysis

At the end of the feeding trial, two fish per replicate were sampled then dissected and tissues (intestine 
and liver) were collected for histological examination. The tissues were fixed, dehydrated, embedded 
and stained while sections were cut at 5�m thickness at the Department of Anatomy, Ahmadu Bello 
University, Zaria. Slides were examined under a light microscope and photomicrographs were taken at 
×400 using a digital camera (Nikon 9000). Images showing the effects of fermented Prosopis africana 
seed meal on the intestine and liver wall were captured at × 160 magnifications and ×100 for intestine 
(Thompson and Hunt, 1966).
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anti-nutritional factors, such as saponins. Saponins, known for their surface-active properties, can 
compromise cell membrane integrity and increase mucosal cell permeability, leading to tissue damage. 
This finding aligns with previous studies by Tusche et al. (2012) in rainbow trout and Wei et al. (2019) 
in Amur sturgeon, where similar changes were observed due to dietary components like wheat gluten 
and potato protein concentrate. Additionally, villi atrophy was noted in fish fed with FPM20 and 
FPM50. This atrophy could indicate a reduction in villi size, potentially due to inadequate nourishment 
or impaired nutrient circulation. The presence of tannins in plant proteins, which can bind with 
proteins and amino acids or form indigestible complexes with polyphenols, may further inhibit 
digestibility or nutrient absorption, contributing to the observed atrophy. Furthermore, the study 
identified hyperplasia of inflammatory cells in the intestines of fish fed with FPM50. This 
inflammatory response could be a reaction to the biochemical compounds found in plant proteins, 
which may induce damage to the intestinal barrier. Similar hyperplastic inflammation has been 
reported by Kokou et al. (2017) in the intestines of various fish species fed plant-based diets. However, 
the results in Table 1.0 show a significant decrease (p < 0.05) in villi length, ranging from 627.41 cm to 
966.07 cm; the highest villi length and width were obtained in FPM10 compared to other treatments 
except the control. Vill length and width were inclusion level dependent; that is, they decreased with 
inclusion levels of FPM. It has been reported that plants contain compounds that can negatively affect 
fish (Kokou et al., 2017). This reduction suggests that FPM negatively impacts intestinal morphology, 
specifically the villi, which are crucial for nutrient absorption. This finding aligns with Heidarieh et al. 
(2012), emphasizing the importance of villi dimensions in fish diets. The decrease in villi length may be 
due to antinutritional compounds like saponins in FPM, which damage cell membranes and increase 
mucosal cell permeability. Shorter villi reduce the surface area for nutrient absorption, potentially 
leading to decreased growth, muscle mass, and overall fish health.
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FPM20 FPM30 FPM0 

Plate I: Photomicrograph of Heamatoxylin and Eosin Stained Intestinal Histopathological Sections 
(×100) of Clarias gariepinus Fingerlings Fed Diet with Varying Inclusion Levels of Fermented Prosopis 
africana Seed Meal Note: FPM = Fermented Prosopis africana Seed Meal, VD= villi necrosis VA= villi 
atrophy and LH= Hyperplasia of Inflammatory cells. 

Table 1.0: Villi Length and Width of Clarias gariepinus Fingerlings Fed Varying Levels of Fermented 
Prosopis africana Seed Meal

Villi(Px) FPM0 FPM10 FPM20 FPM30 FPM40 FPM50 FPM100 p-value

Length 966.07±0.01a 905.60±0.00b 788.20±0.02c 713.69±0.10d 684.39±0.02e 659.74±0.31f 627.41±0.50g 0.00

Width 224.07±0.01a 220.96±0.01b 198.07±0.01c 194.42±0.02d 170.91±0.10e 161.64±0.00f 136.98±0.02g 0.00

Means with the same superscripts across the rows are not significantly different at p > 0.05. Note: 
FPM = Fermented Prosopis africana Seed Meal.
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In this study, the result of histological examination of the liver (Plate II) revealed hepatic cell in FPM10 
possibly due to fat accumulation in the liver, as indicated by the high lipid content in the diet and carcass. 
This aligns with findings by Tusche et al. (2012) in rainbow trout and Wei et al. (2019) in Amur sturgeon 

Histology of Liver of Clarias gariepinus Fed Dietary Fermented Prosopis africana Seed Meal

Areas of hyperplasia inflammation recorded in FPM100 could be as a result of biochemical compounds 
in the plant proteins inducing chronic inflammation in liver tissues. Similar findings have been reported 
by (Wang et al., 2017; Wei et al., 2019) Sinusoidal congestion observed in FPM20 and FPM30 could be 
attributed to the ingestion of alkaloids as reported by (Yang et al., 2019). Pyknotic nucleus observed in 
FPM50 may result from oxidative stress, leading to the shrinking of nucleus cells. Similar findings were 
reported by Wei et al. (2019). Vacuolization, congestion necrosis, and vascular congestion observed in 
FPM40 could be linked to higher levels of dietary lipids, supported by the elevated lipid content in the 
carcass and increased blood glucose

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

    
 

   

LH 

SC 

V

C 

SC 

VC 

PKN 
LH 

In conclusion, fermented Prosopis africana possesses a higher nutritional value, making it a suitable 
dietary component for Clarias gariepinus fingerlings. Including fermented Prosopis meal (FPM) at a 
10% replacement level for fish meal (FM) in their diet is appropriate and beneficial. However, higher 
inclusion levels could lead to morphological and physiological abnormalities, which may negatively 
impact the health of C. gariepinus fingerlings.

Acar, Ü., Kesbiç, O. S., Yılmaz, S., and Karabayır, A. (2018). Growth performance, haematological and serum 

 lupin (Lupinus albus) meal. Aquaculture Research, 49(7), 2579-2586.
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Vitamin C, also known as ascorbic acid, is a vital water-soluble vitamin that serves numerous 
physiological functions in fish, including collagen synthesis, immune function enhancement, and 
antioxidant protection (Carr and Maggini, 2017). Unlike most aquatic animals, such as Clarias 

INTRODUCTION
Aquaculture, as a rapidly growing sector within global food production, plays a crucial role in meeting 
the increasing demand for protein-rich foods (Hua et al., 2019). Among the various species cultured, 
Clarias gariepinus stands out due to its high growth rate, adaptability to diverse environmental 
conditions, and excellent feed conversion efficiency (Ojelade et al., 2022). However, as the cost of 
conventional fishmeal continues to rise posing a great challenge to the growth of aquaculture in Nigeria, 
there has been a growing interest in the use of plant-based protein sources as alternatives to sustain 
catfish production (Begho and Irabor, 2024). While plant proteins are more sustainable and cost-
effective, they are often deficient in essential amino acids, vitamins (Vitamin C) and may contain anti-
nutritional factors, leading to poor growth and body composition in fish (Oyedokun et al., 2022).
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This study was designed to investigating the growth performance and 
body composition of Clarias gariepinus fed with plant protein-based 
diet supplemented with varied inclusion of Vitamin C. Two hundred 
and seventy (n=270) juveniles of Clarias gariepinus, aged eight 
weeks and weighing 104±2.00grams, were randomly assigned to five 
different diets with varying inclusion levels of Vitamin C (g/100g). 

The dietary treatments are as follows; control V₀= 0g/100g vitamin 

C, V₁=0.075g/100g vitamin C, V₃= 0.15g/100g vitamin C, 
V₃= 0.225g/100g vitamin C, V₄= 0.3g/100g vitamin C. For 56 
days, the fish were fed until they were completely satisfied. Each 
treatment was in triplicate. Supplementing dietary Vitamin C in a 
diet based on plant protein did not significantly (P>0.05) affect the 
growth parameters. Clarias gariepinus fed diet V3 had the higher 
survival rate value of 97.78±3.85. No significant differences were 
observed in the crude protein of the experimental fish and the values 
of crude protein ranges from 49.36± 0.25 (V2) to 50.67±1.57 (V1). 
This study showed that supplementation of Vitamin C in plant 
protein-based diet had on significant influence on the growth 
performance and synthesis of fish muscles. 

ABSTRACT 

Keywords:
Vitamin C,
Clarias gariepinus,
Plant Protein,
Body composition
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gariepinus, are unable to synthesize Vitamin C endogenously due to the lack of L-gulonolactone 
oxidase, the enzyme responsible for its biosynthesis (Zhang et al., 2019). This makes dietary 
supplementation of Vitamin C essential to support optimum growth, synthesis of muscles in 
aquaculture systems (Zhang et al., 2019). However, the impact of Vitamin C on Clarias gariepinus 
when fed plant protein-based diets, which may lack certain nutrients present in fishmeal, remains 
underexplored. Therefore, this study aims to investigate the effect of supplemental Vitamin C on the 
growth performance and body composition of Clarias gariepinus fed a plant protein-based diet.

Two hundred and seventy (n=270) juveniles of Clarias gariepinus were purchased from a reputable 
commercial farm in Akungba-Akoko, Ondo State, Nigeria. Plant protein diet supplemented with 
varying inclusion levels of vitamin C was used to formulate five (5) dietary treatments as follows; 

control V₀= 0g/100g vitamin C, V₁=0.075g/100g vitamin C, V₃= 0.15g/100g vitamin C, V₃= 

0.225g/100g vitamin C, V₄= 0.3g/100g vitamin C. The fish were acclimatized under laboratory 
condition for two weeks (14 days) during which they were fed with commercial diet and were fed 
twice daily, morning and evening to satiation. The fish were left for a day (24 hours) unfed before the 
experiment. The fish were fed to satiation twice daily (8am and 5pm). The weight of the fish was 
monitored every two weeks. The experiment lasted for 56 days (8 weeks).

MATERIALS AND METHODS
Experimental Procedure

The following growth and nutrient utilization parameter were calculated as described by Falayi (2009): 
Initial weight, Final Weight, Feed Conversion Ratio (FCR), Gross efficiency Feed Conversion 
(GEFC), Protein Intake (PI), Specific Growth Rate (SGR) Protein Efficiency Ratio (PER), Protein 
Intake (PI) and survival rate.  

Table 1: Composition of Experimental Diets Used for Feeding Trial

INGREDIENTS V₀ V₁ V₂ V₃ V₄

Soyabean meal 36.14 36.14 36.14 36.14 36.14
Groundnut cake  34.01 34.01 34.01 34.01 34.01
Maize 24.84 24.84 24.84 24.84 24.84
Lysine 0.4 0.4 0.4 0.4 0.4
Methionine 0.6 0.6 0.6 0.6 0.6
Salt 0.2 0.2 0.2 0.2 0.2
D.C.P 0.5 0.5 0.5 0.5 0.5
Vitamin premix 0.5 0.5 0.5 0.5 0.5
Vitamin C 0 0.075 0.15 0.225 0.3
Starch 2.61 2.535 2.46 2.385 2.31
Soya Oil 0.2 0.2 0.2 0.2 0.2
Total 100 100 100 100 100

Proximate composition

Data were analyzed using descriptive statistics and analysis of variance (SAS, 2003). Means were 
separated using Duncan multiple range test option of the same software at a0.05.

Proximate composition of the diets was determined according to AOAC, 2005.
Statistical Analysis

V0=0g/100g Vitamin C inclusion; V1= 0.075g/100g Vitamin C inclusion; V2= 0.15g/100g Vitamin 
C inclusion; V3= 0.225g/100g Vitamin C inclusion; V4= 0.3g/100g Vitamin C inclusion. DCP = 
Dicarbonate phosphate
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RESULTS
Table 2 Growth Performance parameters of Clarias gariepinus Fed Experimental Diets with varied 
inclusion of Vitamin C
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Parameters V₀ V₁ V₂ V₃ V₄

Initial weight 105.33±3.06 104.67±3.21 102.67±0.58 105.00±3.61 103.00±2.00
Final Weight 248.43±17.53 219.37±30.51 210.90±11.36 215.37±10.15 225.97±30.9
SGR

a
0.70 ± 0.09

ab
0.66± 0.03

ab
0.59 ± 0.07

b
0.58 ± 0.03

ab
0.64 ± 0.06

FCR 2.83 ± 0.37 2.89 ± 0.28 3.46 ± 0.55 3.22 ± 0.27 2.92 ± 0.39
PER

a
0.43 ± 0.04

ab
0.41 ± 0.02

b
0.37 ± 0.03

b
0.37 ± 0.00

ab
0.39 ± 0.04

Protein Intake
a

11.59 ± 0.58
b

10.85 ± 0.27
b

10.75 ± 0.15
c

9.87 ± 0.44 bc
10.19 ± 0.14

GEFC 35.69 ± 4.36 34.81 ± 3.30 29.38 ± 4.53 31.19 ± 2.53 34.72 ± 4.95
Survival Rate% 95.56 ± 7.70 88.89 ± 7.70 95.55 ± 3.85 97.78 ± 3.85 95.55 ± 3.85

Growth Performance of Clarias gariepinus fed plant protein-based diet with varied inclusion of 
Vitamin C as shown in Table 2.  The result shows that, supplementation of Vitamin C in a plant 
protein-based diet had no significant effect on all the growth paraments examined during the 
experiments except for protein efficiency ratio and protein intake. Protein efficiency ratio and protein 
intake had a significantly (P>0.05) better value of 0.43 ± 0.04 and 11.59 ± 0.58 recorded in the 
control diet. Clarias gariepinus fed diet V3 had the higher survival rate value of 97.78±3.85.

Table 3: Body Composition of C. gariepinus fed plant protein-based diet supplemented with vitamin C.

The values with different superscripts (a, b, c) within the same rows were significantly different 
(P<0.05). V0=0g/100g Vitamin C inclusion; V1= 0.075g/100g Vitamin C inclusion; V2= 
0.15g/100g Vitamin C inclusion; V3= 0.225g/100g Vitamin C inclusion; V4= 0.3g/100g Vitamin C 
inclusion. FMWG= final mean weight gain, SGR=specific growth rate, FCR= feed conversion ratio, 
PER=Protein efficiency ratio, IMWG, GEFC, TFC 

Parameters
 

0V
1

V
2

V
3

V
4

V

Moisture
c70.54± 0.39 a77.49± 1.62 ᵅ

bc71.97± 0.48 b74.68± 0.33 b74.38± 1.64
Protein 49.56± 0.13 50.67±1.57 49.36± 0.25 50.50± 0.34 50.02± 0.88
Lipid 2.87± 0.21

b a5.36± 0.27 a5.50± 0.03 a5.37 ±0.04 a5.80± 0.18
Ash

c0.48± 0.01 c0.62± 0.08 0.83 ±0.06b
b0.91± 0.04 a1.34± 0.06

Carbohydrate
a16.53±0.45 d5.87± 0.24 b12.33± 0.77 c8.53± 0.01 c8.46± 0.52

DISCUSSION

a,b,c,d= indicate that mean on the same row but with different superscript are statistically significant 
(p<0.05). The values with different superscripts (a, b, c) within the same rows were significantly different 
(P<0.05). V0=0g/100g Vitamin C inclusion; V1= 0.075g/100g Vitamin C inclusion; V2= 0.15g/100g 
Vitamin C inclusion; V3= 0.225g/100g Vitamin C inclusion; V4= 0.3g/100g Vitamin C inclusion.

The body composition of the experimental fish shows a significant difference among the treatments 
except for crude protein as shown on Table 3. The values of crude protein range from 49.36± 0.25 
(V2) to 50.67±1.57 (V1). The least moisture content of the experimental was observed in control diet 
while the fish fed diet V1 had the higher value. Significantly higher crude lipid values were obtained in 
fish fed supplemental vitamin c while value in control diet had the least value (2.87± 0.21). 
Significantly higher Ash content was in fish fed diet V4. The carbohydrate value for control diet had a 
significantly higher of 16.53±0.45 and least value in V1 (5.87± 0.24).

This study evaluates the growth performance of juvenile Clarias gariepinus fed plant protein-based 
diet supplemented with vitamin C. The result revealed the lack of significant effect of Vitamin C on 
growth parameters, such as weight gain, specific growth rate (SGR), and feed conversion ratio (FCR), 
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The analysis of body composition revealed significant differences among treatments, particularly in 
crude lipid, ash content, and carbohydrate levels, while crude protein content remained unaffected. 
The unaffected crude protein in this study could be attributed to the fact that with or without Vitamin 
C supplementation in plant protein-based diet, synthesis and storage of protein in muscle will still 
occur (Zhang et al., 2019). The higher crude lipid values in fish fed Vitamin C-supplemented diets 
suggest an enhanced lipid metabolism or storage, possibly due to Vitamin C's role in lipid oxidation and 
energy metabolism (Asaikkutti et al., 2016). The significantly higher ash content observed in fish fed 
the V4 diet might indicate an improved mineral retention or bone mineralization, potentially linked to 
Vitamin C's role in collagen synthesis and skeletal development (Zhang et al., 2019). Conversely, the 
control diet had the highest carbohydrate content, which might reflect a different energy utilization 
pattern in the absence of Vitamin C supplementation.

Ai, Q. H., Mai, K. S., Tan, B. P., Xu, W., Zhang, W. B., Ma, H. M., and Zhiguo, L. F. (2006). Effects of dietary 

 Aquaculture, 261, 327- 336.https://doi.org/10.1016/j.aquaculture.2006.07.027.

 18th ed. Gathersburg, MD U.S.A Official methods, 08. 

which negates studies on the efficacy of Vitamin C in fish diets (Rathore et al., 2019; Lee et al., 2024). 
Ai et al., (2006), Shahkar et al., (2015) and Zhang et al. (2019) reported no significant effect of 
Vitamin C on yellow croaker, brookstock Japanese eel, and juvenile golden pompano, respectively. This 
might be due to differences in size, developmental stages, cultivation environment and interacting 
nutrient in the experimental diets (National Research Council, 2011). Also, while Vitamin C is 
essential for immune function and collagen synthesis in fish, its role in enhancing growth performance 
may not be as pronounced, especially when the basal diet is nutritionally balanced. This could mean 
that plant protein-based diet used in the present study may have met the basic nutritional needs of the 
fish, making additional Vitamin C supplementation less impactful. Furthermore, the significant 
improvement in protein efficiency ratio (PER) and protein intake observed in the control diet could 
also proof that the absence of Vitamin C supplementation might have allowed for better protein 
utilization. Contrary to the above assertion, Clarias gariepinus fed the V3 diet exhibited the highest 
survival rate (97.78±3.85). This result suggests that while growth parameters were not significantly 
enhanced, Vitamin C may still play a crucial role in improving fish survival, possibly through its 
antioxidant properties, which protect against oxidative stress (Mohammad et al., 2020) 

It could be concluded that while Vitamin C supplementation in a plant protein-based diet did not 
significantly enhance growth performance parameters in Clarias gariepinus, it had a notable effect on 
protein efficiency ratio, protein intake, survival rate, and certain aspects of body composition. These 
findings suggest that more research should be conducted beyond growth performance and body 
composition but on the influence of Vitamin C on other physiological processes that contribute to fish 
health and its optimum inclusion in plant-based diet.

CONCLUSION
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INTRODUCTION 
Good nutrition in animal production systems is essential to the economical production of a healthy, 
high-quality product (Craig et al., 2013). Prepared or artificial feeds can be either complete or 
supplemental.This project addresses the crucial need to identify and evaluate locally available, plant-
based supplements that can enhance the growth performance of Clarias gariepinus fingerlings while 
maintaining economic viability and sustainability. High feed costs significantly limit the profitability of 
catfish farming. Locally available, affordable plant-based alternatives like lead tree (Leucaena 
leucocephala) offer the potential to reduce production costs and improve profit margins for farmers. It 
is rich in protein, essential amino acids, minerals like calcium, phosphorus, and potassium, and vitamins 
A, B12, and K  (Bairagi et. al., 2004).Replacing expensive fishmeal with locally available, affordable 

ABSTRACT
A feeding trial was conducted to investigate the growth performance of 
Clarias gariepinus fingerlings fed with Lead tree leaves (Leucaena 
leucocephala) as a supplementary diet. The study was conducted using 
120 fingerlings of Clarias gariepinus, which were equally distributed in 
twelve (12) experimental tank. 0% (control ), 50%, 70%, and 100% had 
three (3) replicates with 10 fingerlings per tank.The study lasted for 6 
weeks.The results of the study showed a significant improvement in the 
growth parameters of Clarias gariepinus fingerlings fed with Lead 
tree(leaves) supplemented diets with 50% Lead tree inclusion level 
having the highest weight gain(6.80g) amongst the treatment diets and 
100% lead tree leaves inclusion having the least weight gain (5.27g). 
Also 50% Lead tree inclusion level having the highest lenght 
gain(10.01cm) amongst the treatment diets and 100% lead tree leaves 
inclusion having the least weight gain (8.83cm).  The water quality 
parameters remained within acceptable ranges throughout the feeding 
trial, indicating no adverse effects on water quality due to the inclusion 
of Lead tree(leaves) in the diet. In conclusion, this study demonstrated 
that Lead tree Leucaena leucocephala) shows potential as a 
supplementary feed for Clarias gariepinus fingerlings. These findings 
contribute to the development of sustainable and cost-effective feeding 
strategies in aquaculture and provide valuable insights for future 
research in the field of fish nutrition.

Keywords:
Treatment,
Clarias gariepinus,
Leucaena leucocephala,
Supplementary diet.
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lead tree can significantly reduce production costs, boosting profit margins for farmers and enhancing 
the economic viability of catfish farming(Okeke et. al.,2016). The aim of the study is to carry out a 
feeding trial on Clarias gariepinus fingerlings fed with different levels of  Lead tree leaves 
supplemented diets and observing their growth performance.

The experimental fish (Clarias gariepinus fingerlings) was purchased from a commercial farm and 
transported in a fifty (50) liters well-oxygenated plastic jerrycan water from the farm to the laboratory. On 
arrival, it was transferred to a large holding tank and allowed to stay in the tank for a period of 7 days to 
acclimate. During this period of acclimation, the fingerlings were fed 5% of their body weight twice daily.

The average length and weight measurements of the fish in each experimental tank were taken every 
week interval using a sensitive weighing scale. The water parameters like water pH, dissolved oxygen, 
and temperature of the water were checked.The Fish tank were covered with a mesh net which served 
for protection against predators and to prevent escape of fish from the Fish tank.Sampling collection 
was done weekly. The fish was observed daily to check for mortality. Dead floating fish were removed 
and the record taken.The fingerlings were scoped out using hand net. A stand-by plastic bowl with a 
clean water was used to put the fingerlings after each trial measurement in order to reduce stress.  

Experimental Design

Data collected were subjected to analysis of variance (ANOVA) as described by Akindele (2004). 
Significant differences in mean for the experiment were evaluated using 5% significance level using the 
SPSS ( Version 23) computer package. 

The lead tree (Leucaena leucocephala) leaves used for the formulation of feed was obtained from along 
the Enugu-Onitsha Expressway leading to Nnamdi Azikiwe University Awka. These leaves were plucked 
in large quantities using bags for easy movement after which thirty (30)kg of lead tree leaves were oven-
dried for about 48 hours to reduce moisture content and allow to dry well. After drying it was then 
grounded into powdered form so that it can be easily used during mixture and pelleting of feed.

MATERIALS AND METHODS

This study was carried out at the wet laboratory of the Department of Fisheries and Aquaculture, Faculty 
of Agriculture,Nnamdi Azikiwe University, Awka. The experiment lasted for 56days (8 weeks).

Statistical Analysis

Study Area

Feeding

Procurement of Experimental Fish

The fish were fed different treatment diets (50%,70%, and 100% inclusion of the Leucaena 
leucocephala twice daily.The feeding habits of fish were observed and noted. This includes their 
response to feeding and the quantity of feed they consume. 

Collection and Preparation of Lead Tree (Leucaena leucocephala) leaves for Feed Production

Feeding of Fish and Sampling for Growth Parameters

The experiment was made of three treatments and a control. The control that has fish meal as the main 
protein source, Treatment 1 (T1) which is the 50% lead tree inclusion, Treatment 2 (T2) which is the 70% lead 
tree inclusion and Treatment 3(T3) is the 100% lead tree inclusion. Each of the Experimental treatments had 
three replicates designated as R1, R2, and R3 and the replicates contained 10 fish each. The experimental 
design was, therefore, a Completely Randomized Design (CRD)  with three treatments and control.
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Ingredients/Feed 
Components

CONTROL Treatment 1 Treatment 2 Treatment 3

Fish Meal (g) 30 15 9 0

Maize (g) 20 20 20 20

Groundnut Cake (g) 16 16 16 16

Soybean (g) 25 25 25 25

Bone Meal (g) 1.5 1.5 1.5 1.5

Methionine 1.0 1.0 1.0 1.0

Lysine (g) 1.5 1.5 1.5 1.5

Vegetable Oil (g) 3 3 3 3

Vitamin Premix (g) 1.0 1.0 1.0 1.0

Salt (g) 1.0 1.0 1.0 1.0

Leucaena
leucocephala (g)

0 15 21 30

TOTAL 100 100 100 100

Table 1:Percentage Composition of Experimental Diet for Lead Plant Supplemented Diets 

Plate 1: Fresh lead tree leaves (leucaena leucocephala)

Plate 2: Formulated feed lead tree (leucaena leucocephala) of 50%, 70% and 100% Inclusion Level
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The water quality parameters monitored during the study include pH, temperature, and dissolved 
oxygen and are represented in Table 2. The result in table 1 shows that temperature and pH values are 
within the acceptable range of fish culture in the tropics as reported by Boyd et al, (2023) but dissolved 
oxygen is slightly above the range. 

Water Quality Parameters
RESULTS 
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pH (range) Temperature(ºC) D O (mg/l)

Control 7.43±0.25 29.20±3.88 2.4±0.03

T1 -50% 6.72±0.28 29.20±5.87 2.5±0.01

T2-70% 7.26±0.24 29.10±3.76 2.10±0.02

T3- 100% 7.34±0.27 29.00±2.54 1.80±0.01

Proximate Analysis of Experimental Feeds

Table 2 : Water Quality Parameter Monitored During the Experiment.

The result of the proximate analysis of the experimental diet which is subjected to one-way analysis of 
variance (ANOVA) using the statistical package for social science (SPSS) is shown in the table below.

Proximate (%) Control Treatment 1 Treatment 2 Treatment 3

Moisture 8.00±0.00 8.30±2.26 8.82±0.03 10.15±0.22
Ash 8.27±0.03 9.11±0.02 9.29±0.01 9.34±0.04
Fat/Oil 6.25±0.01 6.50±0.00 6.77±0.03 8.03±0.04
Crude Fiber 7.94±0.03 9.33±0.01 9.83±0.02 13.86±0.05
Crude Protein 36.43±0.02 36.05±0.05 35.10±0.23 24.86±0.04
Carbohydrate 33.10±0.01 30.70±0.22 30.15±0.26 33.82±0.13

The weekly mean weight gain of Clarias gariepinus fingerings fed with control, Treatment 1,Treatment 
2 and Treatment 3 feed for six (6) weeks of study are presented in Table 4 which shows that the highest 
weight gain was recorded by the fish fed with Control feed (7.27g) followed by Treatment 1,50% 
(6.80g) then Treatment 2, 70%(5.87g) and the least Treatment 3 100% (5.27g).

Table 3 : Proximate Analysis of Feed

Weight gain
 Growth Performance

WEEK CONTROL(g) TREATMENT 1(g) TREATMENT 2(g) TREATMENT 3(g)

1 4.90±0.20 4.53±1.52 4.37±1.15 4.33±0.58
2 5.67±0.58 5.38±2.51 5.07±3.21 4.39±0.58
3 5.80±0.52 5.57±3.05 5.45±2.00 4.83±0.58
4 6.10±1.00 5.80±2.00 5.67±2.08 4.93±0.58
5 6.63±0.58 6.27±2.08 5.73±0.57 5.10±0.58
6 7.27±0.58 6.80±1.00 5.87±0.57 5.27±0.58

The analysis of variance revealed that there is no significant difference in the specific growth rate of 
50%, 70% and 100% inclusion of lead tree(leaves). 

Table 4 :Weekly mean weight in g±sd of Clarias gariepinus fingerlings fed with Control, 50%, 70%  and 
100% Lead tree leaves supplemented diet for six (6) weeks.
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Length Gain 
The weekly mean lenght gain of Clarias gariepinus fingerings fed with control, Treatment 1,Treatment 
2 and Treatment 3 fed for six (6) weeks of study are presented in Table 5 which shows that the highest 
length gain was recorded by the fish fed with Control feed (10.57cm) followed by Treatment 1, 50% 
(10.01cm) then then Treatment 2, 70%(9.03cm) and the least Treatment 3, 100% (8.83cm).The 
analysis of variance result revealed that there was significant difference between the length increase of 
Clarias gariepinus fingerlings fed with three (3

WEEK CONTROL
(cm)

TREATMENT 1 
(cm)

TREATMENT 2
(cm)

TREATMENT 3
(cm)

1 1.66±0.42 1.56±1.75 1.31±1.80 1.90±0.25
2 2.26±0.92 2.06±1.62 1.80±1.86 2.01±0.36
3 3.36±0.81 2.98±1.85 2.26±1.45 2.22±1.13
4 5.10±0.69 4.60±1.12 3.50±0.79 3.20±0.55
5 7.80±0.72 7.20±1.57 6.93±0.89 6.43±0.50
6 10.50±0.72 10.01±0.80 9.03±0.89 8.83±0.72

Further research should be conducted to validate these findings and explore the optimal inclusion 
levels of lead tree in fish diets. Conduction of economic analysis to determine the cost-effectiveness of 
using lead tree as a supplemental feed for Clarias gariepinus fingerlings. Collaboration with fish farmers 
and researchers can greatly benefit the adoption of lead tree as a supplementary fed ingredient. 
Diversification of feed resources can not only increase growth performance but also enhance the 
resilience of fish to changing environmental conditions and dependency on specific feed ingredients.

Throughout the world, the efficiency of various alternative protein sources as partial or complete dietary 
replacements for fish meals has been evaluated in fish diets (Ali et. al., 2003). The use of leaf meals as a 
possible fish meal substitute to reduce the cost of fish feed is receiving increasing attention from fish 
nutritionists around the world (Bairagi et. al., 2004). It is, however, important that the selected protein 
sources do not conflict with human food security interests. The use of Leucaena leucocephala leaves does 
not conflict with human food security issues and this study has demonstrated that the leaves have the 
potential to partly replace fish meal and considerably reduce expenditure on fish meal, without 
compromising the growth performances of the African catfish. No mortalities occurred throughout the 
period and, therefore, the meal did not have any deleterious effects on the fish.

DISCUSSION

Table 5: Weekly mean length in cm ±sd of Clarias gariepinus fingerlings fed with Control, 50%, 70%  
and 100% Lead tree leaves supplemented diet for six (6) weeks.

The findings of this project suggest that feeding Clarias gariepinus fingerlings with lead tree (Leucaena 
leucocephala) supplementary diets can positively impact their growth performance. The study 
demonstrated that lead trees contains essential nutrients and bioactive compounds that can support 
the growth and development of Clarias gariepinus fingerlings. The fish were able to convert the feed 
they consumed into body weight more effectively, resulting in higher growth rates. The higher survival 
rate observed in the lead tree-supplemented groups also indicates the positive impact of this feed 
supplement on the overall health and resilience of the fish. Overall, the results of this project support 
the potential use of lead tree as a valuable supplementary feed ingredient for Clarias gariepinus 
fingerlings. Further research could focus on exploring optimal inclusion levels and long-term effects of 
lead tree supplementation on larger fish.

CONCLUSION AND RECOMMENDATIONS
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 Meal on the growth performance and body composition of Nile Tilapia (Oreochromis 

 leaf meal, inoculated with fish intestinal bacteria Bacillus subtilis and Bacillus circulans in formulated 

 in the book "Catfish Production and Management" (2023). Pages 56-57 Source: 
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ABSTRACT
Four different protein concentrates were produced from four species of 
fish, namely, African lungfish, Mackerel, Catfish roe and Herrings roe. 
Samples were processed and subjected to chemical analysis 
(proximate, mineral and amino acid compositions) using standard 
methods of analysis. Average proximate composition (%) ranged from 
2.03±0.05 to 6.02±0.65 for moisture, 61.71±0.16 to 70.88±0.40 for 
protein, 2.75±0.37 to 6.89±0.20 for fat, 4.96±0.04 to 8.35±0.61 for 
ash, 2.87±0.21 to 9.77±0.45 for fiber and 7.45±0.26 to 23.45±0.43 
for carbohydrates. The results showed significant variations (p≥0.05) 
in the components among species, with the African lungfish 
concentrate containing higher amount of protein, moisture, and ash. 
Higher amount of fat was observed in CFR. Mackerel protein 
concentrate was higher in fat and it was also higher in energy level. The 
percent mineral composition (mg/g) ranges from 1.50±0.04 to 
4.30±0.01 for calcium, 864.51±1.25 to 3663.01±21.92 for sodium, 
1.60±0.01 to 2.30±0.01 for phosphorus, 1.30±0.01 to 2.30±0.01 for 
iron and 13.50±0.35 to 54.00±0.14 for potassium. The results of 
mineral analysis of the samples indicated significant differences 
(P≤0.05) in the mineral composition. Sodium and Potassium were the 
most abundant minerals and the highest values were observed in 
African lungfish Protein Concentrate. Herrings roe protein concentrate 
contained highest amount of calcium and phosphorus, but lower in 
sodium and potassium. The essential amino acid concentrations 
(g/100g protein) ranged from 7.70±0.00 to 8.03±0.01, 4.35±0.07 to 
6.02±0.02, 3.50±0.00 to 4.54±0.31, 3.76±0.06 to 4.80±0.26, 
0.81±0.01 to 1.38±0.23, 3.30±0.00 to 4.00±0.00,  1.30±0.01 to 
2.87±0.17, 1.99±0.01 to 2.91±0.05, and 3.52±0.02 to 4.37±0.21, 
for leucine, lysine, isoleucine, phenylalanine, tryptophan, valine, 
methionine, histidine and threonine, respectively. Also, amino acid 
profile indicates leucine and lysine being the most predominant 
essential amino acids recorded. Fish and/or roe protein concentrates 
contained high amounts of protein, fat and ash, as well as minerals and 
amino acid contents.

Keywords:
amino acids,
defatting, eggs
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The protein concentrates were prepared according to the method used by Narsing et al., (2012) with 
minor modifications. Fresh roes of catfish and herrings were separated manually from skins and blood 
vessels of the fish. The roe was homogenized using a high-speed mixer, and dried at 60°C for about 10 
hours in a cabinet tray drier. The dried roes were ground and defatted using isopropanol maintaining a 
solid to solvent ratio of 1:3 (w/v) with occasional stirring. The solvent was decanted and the extraction 
was repeated for three times to ensure maximum removal of lipid. The residue was dried in a vacuum 
drier 50°C for a period of eight hours. The defatted and dried roes were ground to powder using a 
mixer, and then sieved to obtain roe protein concentrates (RPC). Fish (African lungfish and Mackerel) 
protein concentrate (FPC) from fish muscles were also prepared using the above technique.

INTRODUCTION

Preparation of Fish Protein Concentrates (FPC) and Roe Protein Concentrates (RPC): 

MATERIALS AND METHODS

Fresh fish samples were purchased directly from fish dealers in Maiduguri Monday market, Maiduguri, 
Borno State. The fish was cleaned, viscera, head and bones were removed to obtain fish muscles from 
African Lungfish and mackerel. To obtain fish roes, the fish was cleaned and roes were separated from 
the body. Samples were stored in an ice block containing coolers before further processing. Protein 
concentrates were processed at the Food Processing Laboratory, Department of Food Science and 
Technology. Standard methods were used (AOAC, 2006) in all the chemical analysis (Amino Acid, 
Protein, Fat, Ash, and Moisture); and the analyses were carried out in the National Agency for Food and 
Drug Administration and Control laboratories (NAFDAC), Maiduguri.

Fish provides a good source of high-quality protein and contains many vitamins and minerals. The importance 
of better utilization of fish resources has been demonstrated for long time as the world population increases 
and the wild stocks are fully exploited. However, today most of the fish by-products are used for low price fish 
feed ingredients such as fish meal and fish oil (Sovik and Rustad, 2005). Only 10% is made into food or other 
value-added products. However, these 10% accounts for nearly half of the total value of all fish by-products 
(Li, 2014). Interest in fish consumption increased of late due to the high content of health significant. Fish has 
been reported to have a good complement of the essential amino acids, particularly lysine which is low in 
cereals, thus providing a nutritional balance in the overall quality of a mixed diet (FAO, 2005). Fish are 
important sources of many other nutrients namely vitamins such as Vitamin A, D and E as well as minerals 
including calcium, iodine, selenium etc. There are abundant evidence indicating the significance of fish in 
brain development and learning ability in children, protects vision and eye health, and protection from 
cardiovascular disease and some cancers (Sankar et al., 2013). Roe is the term used to describe fish eggs 
(oocytes) gathered in skeins (Mahmoud et al., 2008). Roe has a high content of nutritive lipids, particularly 
phospholipids and long chain unsaturated fatty acids (LCUFAs) (Mahmoud et al., 2008). The major 
components of fish tissue are water, lipids, protein and micro nutrients. The proximate composition of fish 
may vary depending on certain factors such as the geographical locale, season of the year, the feed intake, the 
metabolic efficiency of the fish, the energy expended by the fish, sex, species, age, and size. It can also vary 
within the individual fish (Andrew, 2001). Studies have shown that fish roes are an excellent source of protein 
and essential amino acids (Sathivel, 2009). This study was conducted to determine the chemical composition 
of roe and muscles of four species of fish with a  view to creating the evidence for effective and efficient value 
addition in producing fish products.

Sample acquisition and preparation: 

Proximate analysis: 
The proximate composition of the concentrates was determined following the guidelines outlined in 
AOAC (2006).
Mineral: 
Mineral content of the concentrates was determined using atomic absorption spectrophotometer. The 
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Statistical Analysis: 

Amino Acid Profile: 

RESULTS AND DISCUSSION

minerals examined were; Potassium, Iron, Sodium, Calcium, and Phosphorus.

The Amino Acid profile in the known sample was determined using methods described by Benitez 
(1989).  The sample was dried to a constant weight, defatted, hydrolyzed, evaporated in a rotary 
evaporator and loaded into the Applied Biosystems PTH Amino Acid Analyzer.

The proximate composition of the protein concentrates was analyzed and presented in Table 1. The result 
showed that the most abundant component in the sample was protein, followed by carbohydrate, fat, 
fiber, and ash was the lowest. There was no significant difference (p≥0.05) in moisture content of the fish 
protein concentrates and the roe protein concentrates except in the African lungfish fish protein 
concentrate which had significantly higher values. The higher moisture content might be due to difference 
in particle size of the protein concentrates. There was no significant difference in the protein content 
between AFPC and MFPC which had higher values (64.09 and 70.88%) than the roe protein concentrates 
(61.71 and 61.93%). The fat content ranged from 2.75-6.89% and the highest was recorded in Mackerel 
fish protein concentrate. AFPC had the highest amount of moisture (6.02%), protein (70.88%) and ash 
(8.35%) but lower in carbohydrate (7.45%) and the energy level (338.00%). MFPC contained the highest 
amount of fat and fiber among the concentrates, this is because mackerel is a fatty fish. There is no 
significant difference (p≥0.05) in the ash content of the roe concentrates and were lower compared to the 
fish concentrates. The fish concentrates also doesn't show any significant difference, only the roe 
concentrates showed variation. The variation in chemical composition of fish and roes were mainly 
attributed to biological factors, including species, maturity stages, diet, season, harvest area and processing 
condition (Mahmoud et al., 2008). 

Data obtained were subjected to analysis of variance (Ihekoronye and Ngoddy, 1985), at 5% levels of 
significance using the IBM/SPSS version 22 software.

Proximate Composition of the Protein Concentrates: 

Table 1 Proximate composition of the protein concentrates

CONCENTRATES MOISTURE 
(%)

PROTEIN 
(%)

FAT (%) ASH (%) FIBRE (%) CARBOHYDRATE 
(%)

ENERGY(KJ/kg)

AFPC 6.02±0.65d 70.88±0.40c 2.75±0.37a 8.35±0.61c 4.56±0.28b 7.45±0.26a 338.00±2.83a

CRPC 2.03±0.05a 61.93±0.11a 6.22±0.84c 4.96±0.08a 5.25±0.30c 19.63±0.68c 382.18±05.31b

HRPC 2.90±0.06c 61.71±0.16a 4.13±0.09b 4.96±0.04a 2.87±0.21a 23.45±0.43d 377.75±0.28b

MFPC 2.06±0.06b 64.09±0.33b 6.89±0.20d 6.73±0.25b 9.77±0.45d 10.41±1.19b 343.47±21.73a

Mineral Composition of the Protein Concentrates 
Mineral (Ca, Na, P, Fe, and K) composition of the protein concentrates were presented in Table 2. The 
most abundant mineral in all the samples was Sodium and it was found in excess amount, followed by 
Potassium and Calcium respectively. Phosphorus and Iron were the minor minerals. For different 
protein concentrates, varying levels and types of minerals were observed. African lungfish Concentrate 
had higher Sodium and Phosphorus compared to the other protein concentrates. Higher amount of 
sodium because they can live out of water for many months in burrows of hardened mud beneath a 
dried-up stream bed can live out of water for many months in burrows of hardened mud beneath a 
dried-up stream bed. Catfish Roe Concentrate contained higher amount of Iron than the other three 
concentrates. The highest Calcium and Phosphorus were observed in Herrings roe Concentrate. 
Phosphorus have been generally associated with the phospholipid content and the presence of 

AFPC-African lungfish fish protein concentrate, CRPC-catfish roe protein concentrate, HRPC-
herrings roe protein concentrate,MFPC-mackerel fish protein concentration
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phosphoprotein (Mahmoud et al., 2008). Iron was classified as the essential trace element required for 
physiological and metabolic process of marine organisms (Thanonkaew et al., 2006). Excess intake of 
Fe can be detrimental to human health. Metal ions in defatted roes might serve as catalysts for lipid 
oxidation. Metal ions have been shown to exhibit pro-oxidant activity (Thanonkaew et al., 2006). 
Different amount and types of elements were suggested to be governed by the maturation stages 
(Rossawan et al., 2011).

Table 2 Mineral composition of the protein concentrates  
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CONCENTRATES* CALCIUM 
(mg/g)

SODIUM 
(mg/g)

PHOSPHORUS 
(mg/g)

IRON 
(mg/g)

POTASSIUM 
(mg/g)

AFPC 2.00±0.00c 3663.01±21.92d 1.90±0.01b 1.30±0.01a 54.00±0.14d

CRPC 1.90±0.01b 1011.05±1.27b 1.60±0.01a 2.70±0.01d 49.00±0.28c

HRPC 4.30±0.01d 864.51±1.25a 2.50±0.00d 2.30±0.01c 13.50±0.35a

MFPC 1.50±0.04a 2091.60±1.75c 2.30±0.01c 1.50±0.04b 16.50±0.07b

Table 3 Essential Amino Acids of the Protein Concentrates (g/100g protein

Essential Amino Acid of the Protein Concentrates
The essential amino acids of the protein concentrates were presented in table 3. The major essential 
amino acid observed were leucine, lysine, phenylalanine, followed by isoleucine, threonine, valine, and 
methionine. Tryptophan and histidine were the minor essential amino acids. The roe protein 
concentrates contained highest amount of leucine (7.80 to 8.03mg/100g) and lysine (5.75 to 
6.02mg/100g), but lower phenyl alanine (3.76 to 3.95 mg/100g) than the fish protein concentrates. 
There was no significant difference in the isoleucine content of the roe concentrates while the fish 
concentrates differ, and the highest was recorded in African lungfish concentrate (4.54 mg/100g) and 
the least in mackerel fish concentrate. Significant difference was observed in the threonine content of 
the protein concentrates and the highest was observed in the African lungfish concentrate and the least 
in Mackerel concentrate (3.52 mg/100g). Tryptophan was the least essential amino acid observed 
ranging from 1.38 to 0.81g/100g recorded in AFPC and HRPC. Valine content was higher in CRPC 
(4.00g/100g) but lower in MFPC (3.30g/100g). African lungfish protein concentrate (AFPC) 
contained the highest value of the four essential amino acids tryptophan, methionine, histidine and 
threonine. The lowest value of methionine was observed in HRPC (1.30g/100g), histidine in CRPC 
(1.99g/100g) and threonine in MFPC (2.99g/100g). The amino acid profile (both essential and non-
essential) was favorably comparable with the report of Galla et al., (2012) who reported that fish 
protein concentrates contain glutamic acid as the major amino acid, followed by aspartic acid. Amino 
acids namely glutamic acid (12.75g), aspartic acid (8.52), alanine (7.07g), leucine (9.72g), and lysine 
(8.23g) were reported per 100g roe protein of Alaska Pollock fish (Bechtel et al., 2007).

CONCENTR
ATES*

LEUCI
NE

LYSIN
E

ISOLEUC
INE

PHEN
YL

TRYPTOP
HAN

VALIN
E

METHIO
NINE

HISTID
INE

THREON
INE

TE
AA

AFPC 7.75±0.
10c

4.35±0.
07a

4.54±0.31
d

4.80±0.
26d 1.38±0.23d 3.96±0.

06c 2.87±0.17d 2.91±0.0
5d

4.37±0.21
d

36.9
3

CRPC 8.03±0.
01d

5.75±0.
27c

4.02±0.00
c

3.95±0.
07b 1.00±0.01c 4.00±0.

00d 2.41±0.08c 1.99±0.0
1a

4.06±0.08
c

35.2
1

HRPC 7.80±0.
29b

6.02±0.
02d

3.90±0.14
b

3.76±0.
06a 0.81±0.01a 3.80±0.

00b 1.30±0.01a 2.23±0.0
0c

3.84±0.01
b

33.4
6

MFPC 7.70±0.
00a

5.20±0.
01b

3.50±0.00
a

4.44±0.
01c 0.98±0.01c 3.30±0.

00a 2.18±0.02b 2.11±0.0
1b

3.52±0.02
a

32.9
3

WHO (mg/kg 
body weight) 39 30 20

25-
tyrosin
e

4 16 10.4 10 15
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Amino Acid Profile (non-Essential) of the protein concentrates
Table 4 presents the amino acid profile (non-essential) of the protein concentrates. The most abundant 
non-essential amino acids were glutamic acid, aspartic acid and arginine followed by glycine, serine, 
proline, tyrosine and cystine which was the least. The highest glutamic acid was recorded in AFPC 
(15.69g/100g) and shows significant variation and the lowest was in mackerel fish protein concentrate. 
Cystine showed no significant difference, African lungfish Concentrate had higher value while herring 
roe recorded the lowest. Higher alanine was recorded in catfish roe concentrate and the lowest in 
African lungfish concentrate. 5.91g/100g of glycine was observed as the highest in catfish roe 
concentrate and the least in African lungfish concentrate. The African lungfish Concentrate contained 
higher amounts of Aspartic acid, Proline and Tyrosine, while the Mackerel Concentrate had the least 
amounts of serine and proline. Catfish roe Concentrate recorded highest amount of serine and 
arginine, while the herring roe had the lowest amount of Astatine, Arginine and Tyrosine. The 
difference in amino acid composition of the protein concentrates might be due to the differences in 
habitat, feeding and season among the fish species as reported by Rossawan et. al., (2011).

Table 4 Amino Acids  Profile () of the Protein Concentrates (g/100g protein
CONCEN
TRATES

CYS
TINE

ALA
NINE

GLUTA
MINE

GLY
CINE

SERI
NE

ASPAR
TINE

PRO
LINE

ARGI
NINE

TYRO
SENE

TN
EA
A

AFPC 1.37±
0.23d

3.86±
0.11a

15.69±0.
13d

4.17±
0.08a

3.56±
0.30c

9.93±0.
07d

3.67±
0.30d

6.80±0
.12c

3.52±0.
11c

52.5
7

CRPC 1.28±
0.08c

4.15±
0. 21d

14.18±0.
02c

5.91±
0.12d

3.89±
0.16d

9.58±0.
03c

3.02±
0.03b

7.17±0
.04d

3.28±0.
01b

52.4
6

HRPC 1.08±
0.01a

3.92±
0.12b

13.46±0.
03b

5.41±
0.00c

3.48±
0.01b

8.92±0.
01a

3.38±
0.04c

5.69±0
.01a

3.09±0.
00a

48.4
3

MFPC 1.22±
0.01b

3.97±
0.04c

13.05±0.
07a

4.92±
0.01b

3.13±
0.00a

9.00±0.
01b

2.80±
0.06a

6.04±0
.02b

3.08±0.
02a

47.2
1

CONCLUSION
The study concludes that protein concentrates could be prepared from different species of fish and 
that the protein concentrates  are of high nutritional quality. African lungfish protein concentrate 
contains the highest value of protein, essential amino acids as well as the non-essential amino acids. Fish 
protein concentrate and roe protein concentrates produced were a rich source of protein, fat and ash. 
African lungfish protein concentrate (AFPC) contained higher number of non-essential amino acids in 
higher amount (tryptophan, methionine, histidine, threonine and glycine). In conclusion, protein 
concentrates made from African lungfish, mackerel, herring roe and catfish roe had higher nutritional 
value and can be used as ingredients that can be incorporated in different food formulas.
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INTRODUCTION

In animal nutrition studies, the apparent nutrient digestibility of a feed ingredient is an important 
index that is used in determining the suitability of such ingredient for inclusion in the animals' diets 
(Prakash et al., 2023). With it, the extent of nutrients absorption and utilization by the animal is 
known. This study therefore aimed at evaluating the apparent nutrient digestibility of Clarias 

Clarias gariepinus is a widely used species in aquaculture because of its quick development, excellent 
feed conversion efficiency, and ability to adapt to a variety of environmental circumstances. Feed 
materials that are both economical and nutritionally balanced must be used to ensure the best possible 
growth and health for this species. The use of substitute plant-based protein sources in fish feed has 
gained popularity recently, especially as a way to lessen dependency on conventional protein sources 
like fishmeal (Hussain et al., 2024). Jatropha curcas meal, a by-product of extracting oil from Jatropha 
seeds, is one such substitute.
The non-edible oilseed plant Jatropha curcas is a promising crop for biofuel. Nevertheless, the meal that 
remains after oil extraction is limited in its direct application in animal feed due to the presence of anti-
nutritional factors (ANFs) such phorbol esters. Many processing techniques, like as heat treatment, 
chemical extraction and fermentation, have been investigated to lessen or eliminate these ANFs in order 
to make Jatropha curcas meal a viable protein source in aquaculture (Fawole et al., 2018).

ABSTRACT
The study investigated the apparent digestibility of processed 
Jatropha curcas kernel meal by Clarias gariepinus juveniles. Defatted 
meal of Jatropha curcas was subjected to autoclaving (30 minutes), 
chemical extraction with methanol (72 hours) or solid-state 
fermentation with white rot fungi (7 days). 5 isonitrogenous diets 
were formulated with the processed J. curcas included at 30% 
inclusion level and chromium oxide as the inert marker. Juveniles of 
Clarias gariepinus (n = 150) were fed for 21 days with the 
formulated feed. The collected faeces were analysed for crude 
protein (CP), lipid and energy digestibility. Data obtained were 
subjected to ANOVA and mean separated using Duncan Multiple 
Range Test at 5% level of variation. Results showed no significant 
differences in all the analysed digestible nutrients (p≥0.05). This 
implies that all the processing methods effectively reduced the 
antinutritional factors in Jatropha curcas.

Keywords:
Physics nut,
digestible nutrients,
African catfish,
crude protein 
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MATERIALS AND METHODS

The proximate composition of the processed Jatropha curcas cake meal, experimental diets, and experimental 
fish before and after the experiment was determined using the methods of the A.O.A.C, (1995). 

Determination of Proximate composition of processed Jatropha curcas seeds

Digestibility Experiment

gariepinus fed differently processed Jatropha curcas meal.

Shelled J. curcas seeds were milled and the oil was extracted using mechanical hydraulic press (Belewu, 
2008). Three processing methods were adopted in this study; thermal treatment where moist defatted J. 
curcas meal was autoclaved at 1210C for 30 minutes (Azzaz et al., 2011), chemical extraction in which the 
defatted meal was extracted with 80% methanol in a cold maceration set up for 72 hours (Punsuvon and 
Nokkaew, 2013) and biological treatment where the meal was made to undergo solid state fermentation 
with white rot fungi, Aspergilus niger for 7 days at 280C (Belewu and Sam, 2010).

A 21-day digestibility experiment was conducted to study the utilization of raw and differently 
processed Jatropha curcas meal in the diets of Clarias gariepinus. Five experimental diets composed of 
70% reference diet and 30% each of test ingredients were produced (Table 1). Each diet was analysed 
for proximate composition and energy as described by A.O.A.C (2005).
Experimental design and feeding trial
The digestibility experiment was set up in a completely randomized design. The experiment was set up 
in the hatchery of the Institute of Tropical Aquaculture and Fisheries, Universiti Malaysia Terengganu, 
Malaysia. A total of 150 Clarias gariepinus seeds used for the digestibility experiment were sourced for 
from a reputable hatchery within Terengganu, Malaysia. A total of ten juveniles were randomly 
distributed into plastic tanks in triplicates. Fish were fed 2 times between 8.00 and 8.30 hours and 
17.00 and 17.30 hours at 3% body weight for 21 days.  Daily feed supplied were recorded. The fish 
were weighed weekly using a sensitive weighing balance.

Jatropha curcas seed processing 

Table 1: Percentage Ingredients Composition of the diets for the digestibility experiment.
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Ingredients RFD RaJKM MeJKM FeJKM AuJKM

Maize meal 23.00 18.00 18.00 18.00 18.00
Soya bean meal 40.00 20.00 20.00 20.00 20.00
Fishmeal 30.00 15.00 15.00 15.00 15.00
Jatropha curcas meal 0.00 40.00 40.00 40.00 40.00
Starch 2.00 2.00 2.00 2.00 2.00
Chromic oxide 1.00 1.00 1.00 1.00 1.00
Fish oil 1.00 1.00 1.00 1.00 1.00
Salt 0.50 0.50 0.50 0.50 0.50
Pre-mix 0.50 0.50 0.50 0.50 0.50
Methionine 1.00 1.00 1.00 1.00 1.00
Lysine 1.00 1.00 1.00 1.00 1.00
TOTAL 100.00 100.00 100.00 100.00 100.00

RFD; Reference diet, RaJKM; Raw Jatropha curcas kernel meal diet, MeJKM; Chemically processed 
Jatropha curcas kernel meal diet, FeJKM; Fermented Jatropha curcas kernel meal diet, AuJKM; 
Autoclaved Jatropha curcas kernel meal diet.

Faecal collection and Analytical procedure for determination of digestibility indices
Feeds not consumed after 30 minutes for each feeding, and fecal wastes were siphoned 8 hours after 
each feeding. The faeces were pooled, dried, and stored for analysis. Chromic oxide levels were 
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Where: Y = absorption as read on the spectrophotometer while 0.0032 and 0.2089 are constants.

Where: X = weight of chromic oxide and A = weight of sample. 

Weight of Chromic oxide in sample (X) 

determined by digesting organic matter with nitric acid and oxidizing it with perchloric acid (Falaye et 
al., 2014; Furukawa and Tsukuhara, 1966). Percentage chromic oxide content will be calculated as follows:

% Chromic oxide = 

Calculation of Apparent Digestibility Coefficient
The apparent digestibility coefficients (ADCs) of protein, lipid and energy for the test ingredients 
were calculated as follows (Cho and Slinger, 1979 cited in Falaye et al., 2014).

The digestible nutrient (DN) of the test ingredients was calculated according to the following equation 
(De Silva and Aderson 1995):
DN = {ADCTD – (Y x ADCRD)}
   Z
Where, ADCTD = Apparent digestibility coefficient in test diet, ADCRD = Apparent digestibility 
coefficient in reference diet, Y = the reference diet proportion; Z = the test diet proportion.

Statistical analysis
Data were subjected to a one-way analysis of variance. Means were separated using Duncan's multiple 
range test (p≤0.05)

RESULTS AND DISCUSSION
Table 2: Proximate composition and anti-nutritional factor profile of raw and processed Jatropha 
curcas cake meal

X =
1

4
.
Y − 0.0032

0.2089

Chromic Oxide% = 100
X

A

ADC (Nutrient)=100-100
Chromium in diet(%)

Chromium in feaces(%)
X

Nutrient in feaces

Nutrient in diet
(                              )

Parameters RJCM MeJKM AuJKM FeJKM

MOISTURE (%) 7.79±2.27b 4.8±1.12a 6.2±0.38ab 7.08±0.75ab

CRUDE PROTEIN (%) 32.29±2.44b 51.35±2.60a 40.22±1.71b 46.64±3.28a

LIPID (%) 27.49±1.41b 10.28±2.29a 17.12±1.77ab 13.41±1.28a

CRUDE FIBRE (%) 9.57±0.52b 8.47±0.65a 9±0.65ab 9.51±0.15ab

ASH (%) 8.58±0.73a 8.01±0.15a 8.57±0.14a 8.51±0.24a

ENERGY (J/g) 23333.33±1790.93 21355.67±650.58 21455.33±550.05 22064.33±1148.98

NFE (%) 14.27±4.78a 15.09±1.2a 18.89±0.83a 14.84±2.66a

Means in the same row with different superscripts differ significantly (p ≤ 0.05).

Table 2 contains the results of the proximate composition of both the raw and differently processed 
Jatropha curcas kernel meal.  The moisture content ranged between 4.8±1.12 and 7.79±2.27. The 
values are significantly different across the treatment methods. The best crude protein content 

RJCM; Raw Jatropha curcas kernel meal diet, MeJKM; Chemically processed Jatropha curcas kernel meal diet, 
FeJKM; Fermented Jatropha curcas kernel meal diet, AuJKM; Autoclaved Jatropha curcas kernel meal diet.

Proximate composition of raw and processed Jatropha curcas kernel meal 
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(51.35±2.6) and least lipid content (10.28±2.29) was obtained in the methanol-extracted J. curcas 
meal. This may be related to the inverse kind of relationship between crude protein and lipid content of 
feed ingredients. The best energy value was obtained in the raw J. curcas meal.

Table 3: The proximate composition of digestibility diets and the Apparent digestibility coefficient of 
the fed fish
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PARAMETERS RJCM MeJKM AuJKM FeJKM

ADC PROTEIN 92.95±1.81a 93.79±1.83a 93.81±2.11a 93.48±2.14a

ADC FAT 87.37±9.28a 88.56±8.69a 88.85±9.88a 87.76±9.11a

ADC ENERGY 81.33±5.02a 82.21±4.61a 82.01±5.04a 81.8±4.97a

A.O.A.C. (2005). Official methods of analysis of AOAC International, 18th edition. AOAC International, 

 Digestibility Coeffcients of 13 Selected Animal Feedstuff for Cobia, Rachycentron canadum. 

Farukawa, A. and Tsukahara, H. (1966). On the acid digestion method for the determination of chromic 

 Australian Journal of Basic and Applied Science, 5, 49-59.
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Although the diet made with methanol-extracted Jatropha curcas had the highest digestibility of crude 
protein (93.81±2.11); however, there was no significant difference among the apparent digestibility 
coefficient of all the other nutrients across the diets prepared (Table 3). This may be indicating the 
processing methods used in this study reduced the antinutritional factors significantly. Thus, the high 
protein digestibility that was recorded in this study across the various processing methods could be 
related to the effectiveness of the methods. Cooking of feedstuffs through autoclaving could aid 
palatability and digestibility (Sarker, 2023) while biological processes such as fermentation have been 
reported to have the ability to break down macronutrients, thereby enhancing digestibility 
(Mirzakhani et al., 2020). This result is similar to what was reported by Fawole et al. (2018) after they 
had used protein concentrates from Jatropha curcas kernel to make feed for Labeo rohita. The high 
lipid digestibility recorded in this study might be an indication that Clarias gariepinus digested the 
diets efficiently. However, Chi et al. (2017) stated that fatty acid chain length, the amount of dietary 
fat incorporation, as well as various fatty acid ratios and melting points, had an impact on lipid 
digestibility coefficients as well. This probably could be the reason why Siniperca chuatsi fed 
fermented soybeans meal-based diet had greater lipid digestibility (Mo et al., 2019) because the diet 
contained lower lipid contents than the diets in this study. Omnivorous species of fish are known to be 
distinct in their ability to digest starch from plants (Lemus et al., 2017).  This could be the explanation 
for the fairly high energy digestibility that was recorded in the fed Clarias gariepinus. 
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INTRODUCTION
Aquaculture is an important food production sector for meeting global food and nutrition security 
needs to curb the challenges of hunger and malnutrition and its production and contribution globally 
have continued to increase significantly reaching to 122.6 million tonnes (FAO, 2022). Yeast contains a 
high amount of enzymes, fatty acids, amino acids, vitamin B and number of unknown growth factors. 
Yeasts are used in both terrestrial and aquatic animal nutrition and its supplementation has significantly 
improved feed utilization, aquatic animals' health, physiological status, and productivity (Zaineldin et 
al., 2021). Clarias gariepinus is one of the major aquaculture species accountings for 75% of the global 
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ABSTRACT
In an effort to increase growth and improve feed utilization, a 12 
week feeding trial was conducted at the wet laboratory of the 
Department of Fisheries, Modibbo Adama University Yola to 
determine the effects of different levels of dietary yeast additive on 
growth and feed utilization in Clarias gariepinus fingerlings (Burchell, 
1822). The proximate of the experimental diets were not 
significantly different and are within the recommended level for 
Clarias gariepinus culture. Fish of mean weight 1.64g and length of 
6.3cm were fed on experimental diets in triplicate groups. There 
were significant (p<0.05) differences in weight gain among the fish 
fed all the experimental diets. Weight gain of fish fed diet with 0g of 
yeast additive were significantly (p<0.05) lower than those fed on 
supplemented yeast tablet diets. Fish fed diet with 2.5g of yeast 
additive per 100g of feed showed a significantly (p<0.05) higher 
weight gain than fish fed on other diets. Generally, fish fed yeast 
tablets supplemented diets showed better growth rate, feed 
conversion ratio and protein efficiency compared with the diet 
without yeast supplementation (control diet). There were significant 
different in the carcass proximate composition where crude protein 
was higher in diet 5 and lower in the control diet while crude lipid was 
higher in diet 6 at yeast additive inclusion level of 2.5g/100g feed and 
lower in diet 3 at inclusion level of yeast additive of 2.0g/100g feed. 
The water quality parameters monitored in this study were observed 
to be within the optimum ranges recommended for Clarias 
gariepinus culture. The research demonstrates the efficiency of 
including yeast tablets in the diets of fish with the best benefit cost 
ratio at 2.5g of yeast/100g feed. Incorporation of yeast additive at 
2.5g/100g feed in the diet of Clarias gariepinus is feasible as profit 
indices were higher at that inclusion level.

Keywords:
Additives, Yeast tablet,
Clarias gariepinus, Growth,
Cost benefits
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Six experimental diets were formulated and prepared for this experiment. The experimental diets 
were isonitrogenous at about 42.5% crude protein and formulated using Pearson Square method along 
with Least Cost Formulae (LCF) (Sogbesan et al., 2007). In the diets, yeast additive was added at 
various inclusion levels namely 0g (control), 0.5g, 1.0g, 1.5g, 2.0g and 2.5g as shown in table 1. 

The analyses of biochemical components of the experimental diets for crude protein, crude lipid, 
crude fibre, moisture, ash and Nitrogen - free extract were carried out, also the proximate analysis was 
carried out at the end of the experiment, fish from each treatment was sacrificed and the carcass 
subjected to proximate analysis as described by (AOAC, 2020). 

A factorial design arranged in completely randomized design was used for this experiment. There were 
five treatments and control which was replicated thrice making a total of eighteen experimental units. 
Eighteen (18) bowls of 40 liters filled with 30 liters of water were used for this study and ten (10) 
fingerlingsss of Clarias gariepinus of weight 1.65g and length, 6.3 cm were assigned to each bowl 

The experiment was carried out at wet laboratory of the Department of Fisheries, Modibbo Adama 
University Yola and lasted for 12 weeks. 

MATERIALS AND METHOD

aquaculture output (Naylor et al., 2021). Fish feed has been a significant concern in Aquaculture 
development, every farmer expected an increase and better yield, hence poor growth and this retard 
aquaculture production (Maulu et al., 2021). Most farmers have utilized the pelleted feeds yet the fish 
growth rates have not significantly improved as anticipated by the farmers, most fishes consume the 
feed but few converted it for growth. Therefore, there is a need to source for additives to enhance feed 
utilization by fish for better growth. 

Temperature was taken daily with thermometer in degree Celsius while ammonia in mg/l, dissolved 
oxygen in mg/l and pH was measured using pH meter (E251) Boyd, (1990). 

Table 1: Ingredient composition (g/100g diet) of experimental diets containing the additives

Ingredients Diet 1
Control

Diet 2
0.5g YT

Diet 3
1.0YT

Diet 4
1.5YT

Diet 5
2.0YT

Diet 6
2.5YT

Fish meal 30.0 30.0 30.0 30.0 30.0 30.0
Soybean 18.0 18.0 18.0 18.0 18.0 18.0
Groundnut cake 13.0 13.0 13.0 13.0 13.0 13.0
Maize 35.0 34.5 34.0 33.5 33 32.5
Yeast tablet 0.0 0.5 1.0 1.5 2.0 2.5
Starch 1.5 1.5 1.5 1.5 1.5 1.5
Oil 0.5 0.5 0.5 0.5 0.5 0.5
Salt 0.5 0.5 0.5 0.5 0.5 0.5
Calcium tablets 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin C 0.5 0.5 0.5 0.5 0.5 0.5
Mineral Premixes    
Total

0.5
100.0

0.5
100.0

0.5
100.0

0.5
100.0

0.5
100.0

0.5
100.0

*YT- Yeast tablet/100g

Weight was measured with digital sensitive weighing balance and length with meter rule. Fish 
Performance indices such as growth were expressed as total weight gain, mean weekly weight gain, 
percentage weight gain, relative weight gain, specific growth rate and survival rate (Fasakin et al., 
2001). Feed utilization indices was expressed as Feed conversion ratio, Mean weekly feed intake, feed 
conversion ratio, Protein intake, Net protein utilization and Protein efficiency ratio (Wilson, 1989). 
Cost benefits in terms of Net profits, Profit Index, incidence of cost, and benefit cost ratio was 
determined according to Mazid et al. (1997) as modified by Sogbesan et al (2006) based on the current 
market price of the ingredients used for formulating the diets and fish cultured.

445



Crude protein content of the experimental diets ranges from 43.6% - 44.6% and are similar with the 
values, 40.0% - 43.0% reported by Hecht (2013). In his study, higher protein levels in the diet led to 
better growth than lower protein levels. Crude lipid content values, 14.0% - 14.5% are in disagreement 
with the finding of Ochang et al. (2007) who observed reduced performance of catfish fingerlings fed 
diets with 14.26% lipid level. The increase of the lipid in the diets may be as a result of polyunsaturated 
fatty acids of the fish meal used as reported by Geay et al. (2015). Dry matter content of the 
experimental diets ranges from 96.5% - 97.5% are higher than the values, 91.19% - 94.03% reported by 
Agbabiaka et al (2016).

RESULTS AND DISCUSSION

The Data were analyzed statistically using one way analysis of variance at 5% probability and Means was 
separated using Least Significance Difference (LSD). 

Table 2: Proximate Compositions of the Experimental Diets
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Parameters Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
Dry matter 96.5 96.5 97.5 97.0 97.5 97.5
Crude protein 43.6 43.8 44.6 44.6 44.5 44.4
Crude lipid 14.5 14.2 14.0 14.5 14.0 14.1
Ash 11.2 11.4 10.9 11.0 11.1 10.9
Crude Fibre 10.5 10.1 10.3 10.2 10.5 10.0
N F E 16.7 17.0 17.7 16.7 17.4 18.1

Statistically there was significant difference in the weight gain (p≤0.05), the diet fed with yeast additive 
revealed a significant increase in weight gain, specific growth rate, mean feed intake, relative growth rate 
and protein intake than the control diet, this finding was supported by Rad et al. (2012) who reported that 
the dietary supplementation of yeast has improve the growth performance of O. niloticus fingerlings. The 
FCR values, 1.33 - 1.86 reported from this study are lower than 2.42 -  2.88 reported by Sajeevan et al. 
(2009) for Heterobranchus longifilis fingerlings fed baker's yeast (Saccharocymyces cerevisiae) additive 
diet. The higher FCR for diets 6 indicates better feed utilization by fish fed this diet and is justified by 
better growth performance exhibited by fish fed such diet. The PER values, 0.58 - 0.82 reported from this 
study are similar to the report of Ngbede et al (2023) who reported improvement in PER and FCR of C. 
gariepinus fed diets with local bakery yeast as additives.

446



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Table 3: Growth performance and nutrients utilization of Clarias gariepinus fingerlings fed Yeast 
additive diets

Parameters Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6

Mean initial weight (g) 1.65±0.1a 1.64±0.1 a 1.64±0.2 a 1.65±0.1 a 1.64±0.1 a 1.64±0.1 a

Mean final weight (g) 9.51±0.7c 12.17±0.5bc 18.40±0.7 b 19.54±1.6 ab 21.79±1.5 a 27.15±1.8 a

Mean weight gained (g) 7.86±0.4 c 10.53±0.8bc 16.76±0.6 b 17.89±0.8 ab 20.15±0.6 a 25.51±0.8 a

Mean initial length (cm) 6.30±0.3 a 6.30±0.2a 6.40±0.3 a 6.20±0.2 a 6.30±0.2 a 6.20±0.1 a

Mean final length (cm) 11.10±0.2 b 11.50±0.3b 13.40±0.2 a 13.60±0.3 a 13.80±0.3 a 14.20±0.2 a

Mean length gain (cm) 4.80±0.1 b 5.20±0.2ab 7.00±0.1 a 7.40±0.2 a 7.50±0.2 a 8.00±0.4 a

Mean weekly weight gain (g) 0.79±0.1 c 1.05±0.2bc 1.68±0.3 b 1.79±0.1 ab 2.02±0.4 a 2.55±0.3 a

Percentage weight gain (%) 476.36
±23.0 d

642.07
±47.0 c

1021.95
±47.0 b

1084.24
±67.0 b

1228.66
±79.0 ab

1555.49
±89.0 a

Specific growth rate (%/day) 1.09±0.3 c 1.24±0.1bc 1.49±0.2 b 1.53±0.1 ab 1.60±0.3 a 1.74±0.2 a

Mean Feed intake (g) 10.46±0.9 c 17.88±0.8bc 22.68±0.4 b 28.67±0.5 ab 33.92±1.9 a 47.56±1.5 a

Feed conversion ratio 1.33±0.1 c 1.73±0.2a 1.35±0.1 b 1.60±0.2 ab 1.68±0.1 ab 1.86±0.2 a

Protein intake 4.56±0.8 d 7.83±0.6cd 10.11±0.9 bc 12.79±0.8 b 15.09±0.6 ab 20.97±0.9 a

0.58±0.2 c 0.74±0.4ab 0.60±0.1 bc 0.71±0.3 ab 0.75±0.1 ab 0.82±0.2 a

Survival (%) 65.0±2.5 c 65.0±3.0c 65.0±2.5 c 70.0±2.5 bc 75.0±5.0 ab 80.0±2.5 a

Investment cost (#) 55.83 d 64.84 cd 71.13bc 78.69 b 85.43b 105.87a

Mean final weight gain (g) 9.51 c 12.17bc 18.40 b 19.54ab 21.79a 27.15a

Cost of fish/kg (#) 261.00 331.91 504.89 532.91 597.89 744.97

Mean yield cost (#) 141.03 d 180.48 d 272.87 c 289.78bc 323.15ab 402.63a

Mean net profit (#) 85.20 d 115.64 c 201.74 b 211.09b 237.72b 301.76a

Gross profit (#) 29.37 c 50.80 c 123.05 b 132.40b 152.29ab 200.89a

Profit index(#) 24.09 a 16.73ab 19.32b 15.82ab 14.79c 13.33c

Incidence of cost (#) 1.14 e 1.63 c 1.42 d 1.72bc 1.86 b 2.06a

Benefit cost ratio (#) 4.67 c 5.12bc 7.09 a 6.77ab 6.99ab 7.04a

CONCLUSION

Data on the same row with different superscripts are significantly different (p<0.05)
The highest net profit was recorded from the fish fed diet 6 but diet 3 which was the incorporation of yeast 
additive at 1.5g/100g feed was therefore the most cost-effective diet. This finding is in consistent with the 
report of Khatun et al. (2014) which reported that the incorporation of additives into fish diet resulted 
into highest weight gain and also produced fish with the highest value for Cyprinus carpio fed betaine and β 
- glucan additives diet. Falaye et al. (2016) reported that when cost benefit ratio is greater than one or 
equal to one indicates profit, but less than one shows lack of viability or unprofitability of the venture.

REFERENCES

Falaye, A. E., Elezuo, K. O., Ajani, E. K. and Omoike, A. (2016). Digestibility and nutrient utilization of 
 differently processed tropical almond (Terminalia catappa) kernel meal and cake based diets by 

All the five diets containing yeast additives at different inclusion levels performed better than the 
control diet, which indicated that any of these additives could be incorporated into the diets of Clarias 
gariepinus. Yeast additive at 2.0 to 2.5g/100g feed had the highest survival rates and better growth, it is 
therefore recommended for better growth and high survival rate. Yeast additive at 2.5g/100g feed had 
the best economic benefits, it is therefore recommended for Clarias gariepinus diet for better 
economic benefits.

AOAC (2020). Official Methods of Analysis (18th ed.) Association of Official Analytical Chemists, 
 Arlington, Virginia, p. 542. 

447



 Anim. Sci., 21: 589–608. 

 Chlorella vulgaris as diet for rotifer Brachionus calyciflorus. Agriculturists 12:1-9

Sogbesan, O. A. and Ugwumba, A. A. A. (2006). Effects of different dietary replacement of fish meal 

 Heterobranchus longifilis (Teleostei, Clariidae) fingerlings under laboratory conditions. South 
 African Journal of Aquatic Sciences, 3(2): 422 - 426.

Khatun B, Rahman R. and Rahman M. (2014). Evaluation of yeast Saccharomyces cerevisiae and algae 
 Technical Paper, 15–24.

Ngbede, S.O, Yunusa, A., Ogbaje, C.O., Yusuf, A. and Salifu, S. (2023). Effect of replacement of Fishmeal 

 gariepinus) in sub-Saharan Africa. Food and Agriculture Organization Fisheries and Aquaculture 

 catfish, Clarias gariepinus. Proceeding of the 38th Annual Conference, Fisheries Society of 

 with earthworm (Hyperrodrilus euryaulos, clausen, 1914: Oligocheata: Eudrilidae) meal in the diet of 

 Nigeria, Bayelsa 2023

 with local baker's yeast ( Sacchromyces cerevisiae) on the growth performance of the African 

Sogbesan O. A., Ugwumba A. A. A., Madu C. T., Eze S. S. and Isa J. (2007) Culture and utilization of 
 earthworm as animal protein supplement in the diet of Heterobranchus longifilis fingerlings. 

Zaineldin A.I., Hegazi S., Koshio S., Ishikawa M., Dawood M.A., Dossou S., Yukun Z. and Mzengereza 
 K. (2021). Singular effects of Bacillus subtilis C-3102 or Saccharomyces cerevisiae type 1 on the 

 Journal of  Fisheries and  Aquatic Science 2:375–386

 growth, gut morphology, immunity, and stress resistance of red sea bream (Pagrus major). Ann. 

 https://doi.org/10.4060/cc0461en
Geay, F., and Kestemont, P. (2015). Feeding and nutrition of percid fishes during ongrowing stages. In P. 
 Kestemont, K. Dabrowski, and R. C. Summerfelt (Eds.), Biology and culture of percid fishes 

FAO (2022). The state of World Fisheries and Aquaculture 2022. Towards blue transformation.  

 (pp. 587–622). Springer Netherlands. 
Hecht, T. (2013). A review of on-farm feed management practices for North African catfish (Clarias 

 17(1): 42 - 60.
 Clarias gariepinus juveniles. JAGST © Jomo Kenyatta University of Agriculture and Technology, 

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA

448



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

2Department of Aquaculture and Fisheries Management, Nasarawa State University Keffi

NUTRITIONAL COMPOSITION OF WATERMELON RIND MEAL FOR 
FISH FEED PRODUCTION

1Salau, B. R., 1N. A. Agbason, 1M. T. Rabo, 1A .M. Addra, 2W. D. Adamu and 3S. Y.  Olem.

1Department of Fisheries Technology College of Agriculture, Science and Technology Lafia

3Department of Zoology, Nasarawa State University Keffi

sirbas22@gmail.com; salaubarnabas@yahoo.com; 07061653390
Corresponding Author:

INTRODUCTION 

The need to reduce the cost of fish feed is imperative in the aquaculture business. An inexpensive 
source of fish feeds will make fish farming attractive due to its profitability. Research and studies into 
cheaper alternative energy sources for the development of least cost feeds for a small-enterprise fish 
farmer is an utmost priority in developing countries.  
For Nigeria to be successful in fish production, the quest to make it profitable by using low cost feed with 
good energy content that can be sourced locally will be of great value and interest to farmers. In addition, 
Nigeria spent over 150 billion naira on fish importation in 2014 (FAO, 2014). If there are readily available 

High cost of fish conventional feedstuff causes low profit, losses and closure of some farms, adversely 
affecting aquaculture production. Maize which is the major source of energy is used as food by humans, 
it is in high demand by industries for the production of human, animal and fish feeds and this makes the 
product and feeds expensive. 

ABSTRACT
The study investigated the nutritional composition of watermelon 
(Citrullus lanatus) rind meal. The result of the proximate 
composition revealed that the rind had crude protein of 10.9%, 
nitrogen free extract 53.87%, ether extract 11.55%, ash 7.75%, 
crude fiber 4.56%, and moisture 11.33% respectively. The result of 
amino acid profile of the rind showed essential amino acid such as 
arginine 8.43mg/100g, lysine 4.75 mg/100g and leucine 4.61 
mg/100g in high concentration, other essential amino acid found in 
the rind were histidine 1.92 mg/100g, isoleucine 3.14 mg/100g, 
phenylalanine 1.51 mg/100g, threonine 1.28 mg/100g, valine 3.45 
mg/100g, methionine 0.37 mg/100g and tryptophan 0.58 mg/100g 
respectively. Non-essential amino acid of the rind showed high 
concentration of glutamic acid 9.39 mg/100g, aspartic acid 6.45 
mg/100g and alanine 5.46 mg/100g while glycine 4.84 mg/100g, 
proline 1.32 mg/100g, serine 2.32 mg/100g, tyrosine 2.92 mg/100g 
and cysteine 0.42 mg/100g were recorded in low concentration 
respectively. Anti-nutrients discovered in the rind included phytate 
317.11 mg/100g, saponins 3.06 mg/100g, alkaloid 1.26 mg/100g and 
tannins 1.47 mg/100g respectively. The study agreed with earlier 
reports that watermelon rind is a good source of feed ingredient 
which could be used to replace a carbohydrate source of feedstuff for 
fish and other animals. Also, utilization of watermelon rind will help 
to minimize cost of producing fish feed.    

Keywords:
Essential amino acid,
non-essential amino acid
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Collection and Processing of the Rind
Watermelon rind were collected from fruits seller within Lafia Metropolis, washed and sliced to 
smaller pieces and were spread under the sun for 21 days to dry. The dried watermelon rind were 
milled into fine particles using the hammer mill and sample was taken to the laboratory for proximate 
composition and amino acid profile 

Watermelon rinds also offer a high dose of L-citruline; an amino acid which helps in dilating blood 
vessels, improve blood circulation and gives watermelon its antioxidant effects (Braide et al., 2012). It 
is also known to contain a variety of bioactive compounds like cucurbitacin, triterpenes, sterols and 
alkaloid (Johnson et al., 2012). 

The rind of a watermelon is the tough, outer layer of a watermelon, and is typically green on the 
outside, before giving way to the red and pink flesh of the fruit, which turns pale white on the inside. 
Not only do watermelon rinds contain all the nutrients found in the juicy fruit, but they also contain 
higher concentrations of certain antioxidants, minerals, vitamins and active ingredients.

Therefore, this study was aimed at the determination of the nutritional composition of the watermelon 
rind for possible inclusion in fish feed formulation as an alternative energy source.

The proximate composition of the watermelon rind meal was determined using standard AOAC 
methods. (AOAC 1990). The amino acid profile of the watermelon rind meal was determined using 
methods described by AOAC (2006). 

The anti-nutritional factor of the watermelon rind meal was determined using methods described by 
AOAC (2000)

Determination of Anti- Nutritional Factors

fish feeds, locally produced and of high-quality, many people will be attracted to fish farming, thereby 
boosting fish production and reducing fish importation. Consequently, the use of watermelon rind as a fish 
feed ingredient may lead to profitable fish farming via reduction in the cost of feed.

Determination of Proximate composition and Amino Acid Profile of Watermelon Rind 

This hard peel has low-calorie levels, but high amounts of vitamin C, vitamin A, vitamin B6, potassium 
and zinc. Watermelon rind is also rich in nutrients with chlorophyll, citrulline, lycopene, amino acids 
and flavonoids and phenolic compounds (Vedantu, 2024)

MATERIALS AND METHODS 

RESULTS AND DISCUSSION

The proximate composition of watermelon rind meal revealed excellent amount of nutrients present in 
the rind. Moisture content 11.33% was higher than the 8.78% reported by Sadiq et al. (2021) but lower 
compared to the 12.17% reported by Ashoka et al., (2022). Ash 7.75g was higher than the 5.31% reported 
by Sadiq et al. (2021) but lower than the 11.82% reported by Ashoka et al. (2022).  Crude fibre 4.56% was 
lower than the 10.66% reported by Sadiq et al., (2021) and the 17.44% reported by Ashoka et al., (2022). 
The rind had crude protein content of 10.94% which was within the range reported by Ashoka et al., 
(2022) crude protein 10.18% but higher than the 2.88% reported by Sadiq et al.,(2021). The crude 
protein content for the rind was higher than the crude protein for maize 9.3% – 9.8% reported by National 
Research Council (NRC 1998). Nitrogen free extract 53.87% were higher than the 46.02% reported by 
Ashoka et al., (2022) but lower than the 70.04% reported by Sadiq et al.,(2021). The difference in values 
of some of the parameters might be due to difference in variety of fruit, processing methods and soil in 
which the plant was grown.   The nutritional value of the watermelon rind revealed by the proximate 
composition agreed with the report of Mohan et al., (2018) that every part of watermelon fruit has 
nutritional value, including the peel, the seeds and the rind.

Proximate Analysis of watermelon Rind Meal

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

450



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Table 1: Proximate Composition of Watermelon Rind Meal 

Parameters Percentage (%)
Moisture 11.33
Ash 7.75
Crude protein 10.94
Ether extract 11.55
Crude fiber 4.56
Nitrogen free extract 53.87

Also seven (7) non-essential amino acid were detected in sufficient quantities; glutamic acid 9.39 
mg/100g, aspartic acid 6.45 mg/100g and alanine 5.46 mg/100g, glycine 4.84 mg/100g, tyrosine 2.92 
mg/100g, serine 2.32 mg/100g and proline 1.32 mg/100g whereas cysteine 0.42 mg/100g was present 
in small quantity. 

Watermelon rind by virtue of the amino acid profile when included in the diet of fish will contribute in 
providing the needed protein and amino acid for fish based on the protein and amino acid requirement 
for fish reported by National Research Council (NRC, 1993).

The amino acid profile of watermelon rind meal revealed the presence of eight (8) essential amino acid 
in sufficient quantities; which are arginine 8.43 mg/100g, lysine 4.75 mg/100g, leucine 4.61 mg/100g, 
isoleucine 3.14 mg/100g, valine 3.45 mg/100g, histidine 1.92 mg/100g, phenylalanine 1.51 mg/100g, 
threonine 1.28 mg/100g while tryptophan 0.58 mg/100g and methionine 0.37 mg/100g were 
recorded in small quantity. Arginine 8.43 mg/100g,  lysine 4.75 mg/100g, isoleucine 3.14 mg/100g, 
leucine 4.61 mg/100g, phenylalanine 1.51 mg/100g, threonine 1.28 mg/100g, and valine 3.45 
mg/100g were within the range reported by Badr et al., (2018) arginine 8.91 mg/100g,  lysine 4.97 
mg/100g, isoleucine 3.14 mg/100g, leucine 4.71 mg/100g, phenylalanine 1.57 mg/100g, threonine 
1.13 mg/100g, and valine 3.75 mg/100g  but were lower compared to the report of Ibrahim et al., 
(2019) arginine 16.0 mg/100g, isoleucine 5.8 mg/100g, leucine, 7.3 mg/100g, phenylalanine 5.4 
mg/100g, threonine 3.0 mg/100g and valine 7.3 mg/100g whereas lysine 2.5 mg/100g was lower.

Aspartic acid 6.45 mg/100g, was within the range reported by both Badr et al., (2018) aspartic acid 
6.63 mg/100g and Ibrahim et al., (2019) 6.4mg/100g. Glutamic acid 9.39 mg/100g was within the 
range reported by Badr et al., (2018) glutamic acid 9.94 mg/100g but lower than the 18.7 mg/100g 
reported by Ibrahim et al., (2019). Alanine 5.46 mg/100g was lower than the 6.11 mg/100g reported 
by Badr et al., (2018) and the 7.7 mg/100g reported by Ibrahim et al., (2019).  Proline 1.32 mg/100g 
was within the range reported by Badr et al., (2018). Serine 2.32 mg/100g was within the reported 
range by Badr et al., (2018) serine 2.09 mg/100g and Ibrahim et al., (2019) serine 2.5 mg/100g. 
Tyrosine 2.92 mg/100g was within the range reported by Badr et al., (2018) tyrosine 2.61 mg/100g but 
higher than the 1.0 mg/100g reported by Ibrahim et al., (2019). The values of the essential and none-
essential amino acids were within the range reported by Anthony (2015) in the research on assessment 
of some anti-nutritional properties of Watermelon (Citrullus lanatus) rind and seed reported the 
following essential amino acids and non-essential amino acids present in the rind 100gm protein; lysine 
4.97gm, leucine 4.71gm, valine 3.75gm, isoleucine 3.14gm, glutamic 9.94gm, arginine 8.91gm, 
aspartic 6.63gm, alanine 6.11gm, and Glycine 5.76gm.  

Amino Acid Profile of Watermelon Rind
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Table 2: Amino Acid Profile of Watermelon Peel Meal compared with Maize
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Amino acid Watermelon rind  (g/100g protein) Maize (g/100g protein)
NRC (1998)

Essential 
Arginine 8.43 4.72
Histidine 1.92 3.02
Isoleucine 3.14 3.41
Lysine 4.75 3.02
Leucine 4.61 11.93
Methionine 0.37 2.10
Phenylalanine 1.51 4.85
Threonine 1.28 3.80
Valine 3.45 4.85
Tryptophan 0.58 0.52
Non-Essential 
Aspartic acid 6.45 6.82
Cystine 0.42                                                        2.36
Glycine 4.84 4.06
Glutamic acid 9.39 19.54
Alanine 5.46 7.34
Proline 1.32 8.00
Serine 2.32 4.72
Tyrosine
Anti-nutrients
Alkaloid
Saponins
Phytate
Tannins
Cyanide

2.92

1.26
3.06
317.11
1.47
0.00

3.67

The phytochemical analysis detected the presence of four phytochemical components in the 
watermelon rind which included saponins, alkaloids, tannins and phytates, known phytochemicals 
with antioxidant properties. The highest content of all the anti-nutritional factors detected was in 
phytate 317.11 (mg/100g) followed by saponin 3.06 (mg/100g), and tannin 1.47 (mg/100g) while 
alkaloid 1.26 (mg/100g) respectively. The alkaloid content from this study was within the range 
reported by Mohan et al., (2016) alkaloid 0.62 – 1.42 (mg/100g)  while saponins and tannins were 
higher than the range reported by Mohan et al., (2016) saponin 0.34 – 2.03 (mg/100g), tannins 0.12 – 
0.43 (mg/100g). Francis et al., (2002) reported saponins levels below 1 g/kg-1 and the value is unlikely 
to affect growth performance of fish. Marie-Hélène et al. (2017) opined that tannin supplementation 
above 10 g kg−1 in diets decreased protein digestibility, and above 20 g kg−1 decrease growth 
performance in European sea bass juveniles while Brett et al., (2006) reported that alkaloid can have a 
strong anti-nutritional effect on fish at inclusion concentrations greater than 100 mg/kg. The alkaloids 
and tannins concentration detected in this study are below the concentration levels as reported by 
previous studies.

Watermelon peel amino acid from researcher compilation 

Anti-Nutrients content of Watermelon Rind Meal 
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Table 3: Protein and Amino acid requirement for some finfishes

Source: (NRC, 1993)

 Criteria and Microbial Aspects of Beef Burger Patties during Frozen Storage Periods. Journal of 

CONCLUSION

 Chemists, Arlington, VA.1102pp.D.C. U.S.A.

AOAC (2006c). Official methods of Analysis of the AOAC, W. Horwitz Editor Eighteen, 380pp. 
 Washington D.C., U.S.A

AOAC (2000b). Association of Official Analytical Chemists, Official methods of Analysis, 17th edition, 

 Rind and Seed. Journal of Environmental Sciences 9 (5): 225-232
AOAC (1990a). Official Methods of Analysis. Vol.1. 14th (Edition) Association of Official Analytical 

The composition of dried watermelon rind meal in the study showed that it can be added into fish diet 
to replace maize without any adverse effect on growth performance. Therefore this research work 
confirmed earlier reports that watermelon rind is a rich source of nutrients, essential and non-essential 
amino acid compared favourably with maize, which is one of the major energy sources in fish feed. 
Inclusion of watermelon rind meal in the diet of fish will contribute in providing the protein and amino 
acid requirement for fish. Watermelon rind meal could be used to replace a carbohydrate feedstuff for 
fish particularly maize. The utilization of watermelon rind will help to minimize cost of producing fish 
feed and environmental pollution.

 Composition of Watermelon (Citrullus lanatus) and its Rind Flour. Biological Forum – An International 
 Journal, 14(3): 505-510

Anthony, C. E (2015). Assessment of some Anti-nutrient Properties of the Watermelon (Citrulluslanatus) 

 220pp, Washington, D.C., U.S. A.
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INTRODUCTION
An essential component of aquaculture is the body composition of African catfish fingerlings (Clarias 
gariepinus), especially when it comes to feeding tactics that are optimized to promote growth and health. In an 
effort to enhance the nutritional profiles of these fish's diets, recent research has looked into the addition of 
alternative feed items, such as Cassia tora leaf meal. Cassia tora leaves contain an appreciable amount of 
nutrients, the nutritional composition is as following crude protein (C.P) 27.40%, crude lipids (CL) 3.80%, 
crude fiber (CF) 16.8%, Ash of 15.20%, Nitrogen free extract (NFE) of 36.80% and metabolizable energy 
(ME) of 2573.80kcal/kg (Ayssiwede et al., 2011). Studies show that the amount of Cassia tora leaf meal 
included can have a major impact on the body composition and growth performance of C. gariepinus 
fingerlings (Amisah et al., 2009). Variations in the amount of this leaf meal included, for example, have been 
found to affect the fish's total nutrient retention, weight gain, and feed conversion ratios (FCR) (Bello et al., 
2013). In order to improve aquaculture sustainability, the ideal inclusion level must strike a balance between 

ABSTRACT
Body composition of African catfish Clarias gariepinus (Burchell, 
1882) fed sickle pod (Cassia tora) leaf meal as inclusion levels was 
assessed. Proximate analysis of leaves of Cassia tora L. was conducted 
at Department of Fisheries and Aquaculture Fish Hatchery, Faculty 
of Agriculture, Usmanu Danfodiyo University, Sokoto. The leaves 
were obtained from Rofia town in Niger State. The leaf was plucked 
from the stem and sun dried for 3 days, ground using pestle and 
mortar and sieved using 1.18mm laboratory sieve to remove the 
residues. The fine particles were used to produce pelleted feed.  
There were five diets formulated, with 45% crude protein. 
Groundnut cake was replaced with varied amounts of Cassia tora leaf 
meal in the diets: 0 (control), 3, 6, 9, and 12%. Using a grinding 
machine, the feed components and the test ingredient (Cassia tora 
leaf meal) were mixed into a powder. An electric mixer was used to 
mixed the feed well, and water was added to speed up the palliating 
and gelatinization processes. Nutrient values of the fish were found 
to increase from its initial values of protein 17.91%, fat 2.17%, ash 
content 2.31% to protein 23.84%, fat 1.83%, ash content 1.97% for 
feed I; to protein 22.98%, fat 2.85%, ash content 3.05% for feed II; to 
protein 21.38%, fat 2.74%, ash content 2.15% for feed III; to protein 
20.45%, fat 2.74%, ash content 3.02% for feed IV; to protein 24.83%, 
fat 3.03%, ash content 2.99% for feed V; at the end of the study 
period. All these results indicate that the leaf of Cassia tora L. contain 
nutrients that may be useful in nutrition.  The study concluded that 
inclusion of Cassia tora leaf meal in the diet of Clarias gariepinus does 
have effect on nutritional composition (crude protein) of the fish.

Keywords:
proximate,
Clarias gariepinus,
carcass, leaf meal
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Experimental Site
MATERIALS AND METHODS

nutritional value and cost-effectiveness. Furthermore, optimizing fish protein and lipid retention requires a 
thorough grasp of Cassia tora's effects on body composition. Better growth rates and feed usage efficiency 
have been linked to higher inclusion levels (Dienye et al., 2011). This is especially important in areas where it is 
expensive or difficult to find traditional fish feed ingredients, necessitating the search for affordable local 
substitutes that might promote the growth of aquaculture.

Diet Formulation

This research is important because it addresses issues related to aquaculture that are more broadly 
related to economic and ecological concerns than just specific growth measures. Fish producers can 
minimize production costs and support local agriculture practices by reducing their reliance on 
imported feeds by using locally available resources like Cassia tora (FAO, 2012). Additionally, by 
making fish more readily available in nearby markets, these tactics support food security. In summary, 
examining the body composition of African catfish fingerlings fed with different concentrations of 
Cassia tora leaf meal aids in the development of sustainable aquaculture operations in addition to 
offering insights into ideal feeding procedures. For fish farmers in Africa and elsewhere, this study is 
essential to maintaining economic viability while improving growth performance.

The experiment was carried out from September 2022 to November 2023 at the Department of Fisheries 
and Aquaculture Fish Hatchery, Usmanu Danfodiyo University, Sokoto. The location of the experiment was 
275 meters above sea level in Nigeria, at latitude 130 07' 78''N and longitude 05' 12' 25''E. The region has 
500–724 mm of annual rainfall, a mean relative humidity of 14.9%, a high temperature of 410C in March, and 
40% humidity between March and June (Mamman, 2000). Fifteen (15) 40-liter round-bottom plastic tanks 
were used as the culture medium for a duration of 63 days. A mosquito net was placed over the tanks to keep 
fish from jumping, and a level of twenty-five liters was maintained throughout the trial.
Cassia tora leaf Collection 

Five diets were formulated, with 45% crude protein. Groundnut cake was replaced with varied amounts of C. 
tora leaf meal in the diets: 0 (control), 3, 6, 9, and 12%. Grinding of feed ingredients was done using a grinding 
machine, the other feed ingredients and the C. tora leaf meal were mixed into a powder using electric feed 
mixer (Kenwood). The feed was well mixed, and water was added to speed up the palliating and gelatinization 
processes. Before the experiment started, the meals were dried, placed in an air container, and kept.

Cassia tora leaf was obtained from Rofia town, Niger State. The leaf was plucked from the stem and 
sundried for 3 days, ground using pestle and mortar and sieved using 1.18mm laboratory sieve to 
remove the residues. The fine particles were used to produce pelleted feed.

Table 1: Gross Composition of Experimental Diets
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Ingredients I (0%CLM) II (3% CLM) III (6% CLM) IV (9%CLM) V (12% CLM)
Maize 14.11 12.39 10.66 8.95 7.20
GNC 39.69 39.06 38.42 37.78 37.15
Fish meal 29.77 29.29 28.82 28.33 27.86
CLM 0.00 3.00 6.00 9.00 12.00
Blood meal 9.92 9.76 9.61 9.44 9.29
Bone meal 2.25 2.25 2.25 2.25 2.25
Vitamin premix 1.00 1.00 1.00 1.00 1.00
Palm oil 2.00 2.00 2.00 2.00 2.00
Salt 0.25 0.25 0.25 0.25 0.25
Methionine 0.50 0.50 0.50 0.50 0.50
Lysine 0.50 0.50 0.50 0.50 0.50
TOTAL 100.00 100.00 100.00 100.00 100.00
Calculated ME 
(Kcal/kg)

3,480.06 3,479.47 3,478.99 3,477.61 3,476.89

Experimental              Diets

“GNC” Groundnut Cake, “ME” Metabolizable energy, “CLM” Cassia tora leaf meal
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Analytical Procedure

RESULTS AND DISCUSSION

Increased crude protein and moisture were found in the experimental fish's body composition 
following the experiment. Another reason for this could be the experiment diets' high crude protein 
content. But in comparison to the starting body composition, it was found that the ash and ether 
extract content decreased for all dietary regimens. A clear inverse association between body fat and 
moisture was seen, which was consistent with the results of Jauncy's earlier experiment (1982). When 
Konyeme et al. (2005) fed water hyacinth to Clarias gariepinus fingerlings in place of a plant protein 
source, the fish ether extract before the feeding trial and that of the other diets showed a significant 
difference. However, when Sotolu and Faturoti (2009) gave C. tora leaf meal to C. gariepinus 
fingerlings as a plant protein supplement, the parameter was lower. Because the oil extraction methods 
were less efficient, the ether extract rose as the CSM substitution increased. When compared to fish 
on all other dietary treatments, including the control, the crude protein content of fish fed diet (V), 
which contained 24.83 (12%) C. tora leaf meal was higher. However, this difference was not 
statistically significant. When C. gariepinus were fed a diet comprising mucuna beans, the crude 
protein was almost as reported by Bekibele (2005); however, it was lower than those reported in 
Sotolu and Faturoti (2009) when C. gariepinus were fed Leucaena leucocephalus seed meal, and this 
could be due to the feed's quality.

Statistical Analysis

From Barak Fish Farm in Sokoto, 250 fingerlings of Clarias gariepinus were purchased. After two 
weeks of acclimation, 150 fish were divided at random into fifteen 40-liter circular plastic bowls. Ten 
fish per bowl. The fish in each plastic bowl, weighing an average of 2.32g at the beginning, were fed the 
experimental diets for eight (8) weeks at a body weight percentage of 3%. The daily ratio was divided 
into three portions, which were supplied at 9:00–10:00, 1:00–2:00, and 5:00–6:00, in that order.

Based on its proximate composition which includes moisture content, crude protein, crude fiber, 
crude fat, total ash, and nitrogen-free extract a feed material like leaf meal for fish diets can be assessed 
for potential. The current investigation's proximate composition, nutrient values of the fish have been 
found to increase from its initial values of protein 17.91%, fat 2.17%, ash content 2.31% to protein 
23.84%, fat 1.83%, ash content 1.97% for feed I; to protein 22.98%, fat 2.85%, ash content 3.05% for 
feed II; to protein 21.38%, fat 2.74%, ash content 2.15% for feed III; to protein 20.45%, fat 2.74%, ash 
content 3.02% for feed IV; to protein 24.83%, fat 3.03%, ash content 2.99% for feed V. These values 
were found to be similar to Abu and Muhammad (2016) had discovered. 

Management of Experimental fishes

Fish samples were crushed for body composition both before and after the trial, coupled with the feed 
ingredients, in accordance with (AOAC, 2000) protocols. The moisture content was ascertained by 
drying to constant weight in an oven between 100 and 1050C. After the samples were digested and the 
amount of nitrogen was measured using a spectrophotometer according to Devani et al. (1989) 
method, the crude protein content was calculated by multiplying the amount of nitrogen by coefficient 
6.25. Total lipids were extracted continuously using hexane as the solvent for eight hours in a Soxhlet 
apparatus; ash was determined by burning the sample at 5500 C in a furnace; crude fiber was 
determined by sequentially hot digesting the defatted sample with diluted acid and alkaline; and total 
carbohydrates were determined by difference, as per (AOAC, 2000).

The collected data were analyzed using ANOVA, and the treatment means were separated for 
significant (p<0.05) differences using the Duncan Multiple Range Test technique, as described by 
Steel and Torrie in 1980. The statistical software package Statistical Package for the Social Sciences 
(SPSS) version 9.0 for Windows was used to perform all of the analyses (SPSS, 2007).
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Table 2. Proximate composition of experimental fish fed experimental diets
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 Treatments

Parameters Initial fish 1(0%) II (3%) III (6%) IV (9%) V (12%)

Moisture 75.87±0.27a 71.03±1.44bc 69.72±0.89c 72.32±0.47b 72.41±0.66b 68.09±0.94d

Ash 2.31±1.12 1.97±0.03 3.05±0.40 2.15±0.34 3.02±0.59 2.99±0.28
Crude fiber 0.69±0.16b 0.75±0.05ab 0.79±0.03ab 0.68±0.02b 0.82±0.02b 0.88±0.02b

Crude protein 17.91±0.50d 23.84±1.95a 22.98±0.57b 21.38±0.75bc 20.45±1.40c 24.83±0.47a

Lipid 2.17±0.28c 1.83±0.17c 2.85±0.15b 2.74±0.11b 2.74±0.37b 3.03±0.33a

Nitrogen free 
extract.

1.23±0.53a 0.56±0.43b 0.60±0.09b 0.73±0.19ab 0.49±0.34b 0.17±0.04c

 Environmental Management. Vol. 13(1) 21 – 26. JASEM ISSN 1119-8362.Ayssiwede, S.B., J.C. 

Bello, N. O. and Nzeh, G. C. (2013). Effects of varying levels of Moringa oleifera leaf meal diet on growth 

 available in Senegal and recoverable in indigenous chickens or animal feeding. Pak. J. Nutr., 10: 707-717.

 Chemist.,Washinton D.C.

 Shoal Fish (Channa striatus) Cultured in Glass Aquaria. Western Sydney University. Available 

A.O.A.C (2000). Official Methods of Analysis Analysis 24TH edition, Association of Official Analytical 

Amisah, S., Oteng, M. A. and Ofori, j. K. (2009). Growth performance of the African catfish, Clarias 
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INTRODUCTION
The African catfish (Clarias gariepinus) is a popular aquaculture species due to its fast growth, 
adaptability to different environments, and high market demand (Adejinmi & Ogungbenro, 2023). As 
aquaculture expands, sustainable feed alternatives are essential to mitigate the rising cost of 
conventional fish feeds, particularly fishmeal (Ogunji et al., 2022). Insects, specifically housefly 
maggots (Musca domestica), have gained attention as potential protein sources in fish diets due to their 
high nutritional profile and cost-effectiveness (Henry et al., 2023).Fresh and dried housefly maggots 
have been used as supplementary protein sources in various animal feeds, including fish, owing to their 
richness in essential amino acids, fats, and micronutrients. However, studies on the physiological 
effects of these alternative feeds on the histopathology, blood parameters, and carcass quality of 

THE HISTOPATHOLOGY, HAEMATOLOGY AND CARCASS QUALITY OF Clarias 
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ABSTRACT
This study evaluates the histopathology, hematology, and carcass 
quality of Clarias gariepinus post-fingerlings fed fresh and dried 
housefly maggots, addressing the increasing demand for quality, 
affordable feed in aquaculture. Conducted at the Fisheries 
Department, Nnamdi Azikiwe University, Awka, Nigeria, the 
experiment involved 60 Clarias gariepinus divided into three groups: 
one fed fresh housefly maggots, another dried maggots, and a control 
group on commercial feed. Proximate analysis showed that dry 
maggot meal had 28.80% protein, 17.90% fat, and 23.90% 
carbohydrates. The control group had the highest total length, 
weight, liver weight, and fillet weight (p<0.05). However, fish on 
dry maggot feed showed the highest villi width and goblet cell 
number in the intestine, indicating better nutrient absorption. 
Haematological parameters, such as hemoglobin, red blood cells, and 
white blood cells, were highest in fish fed dried maggot meal, 
suggesting improved health status. Fish fed with maggot meal also 
showed higher enzyme activities (catalase and glutathione S-
transferase), while histopathological examination revealed mild liver 
vacuolation and congestion in fish fed with fresh maggots. Overall, 
the study concludes that dried housefly maggot meal is a promising 
alternative to fishmeal due to its positive effects on growth, 
haematological indices, and intestinal morphology. The study 
recommends further investigation into anti-nutritional factors, 
optimization of feed formulations, scaling up production, and 
assessing the safety of maggot meal for other species.

Keywords:
Hepatosomatic index,
Blood, Carcass quality,
Post fingerlings, Catfish,
Maggots
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The study was conducted at the Fisheries Department of Nnamdi Azikiwe University, Awka, Nigeria, 
located in a tropical wet and dry climate. The experiment utilized ninety (90) pieces ofClarias 
gariepinus fish, divided into three groups with replicates, each fed different diets: fresh housefly 
maggots, dried maggots, and commercial feed. Standard pond management practices were followed 
throughout the study. Proximate analyses of the maggot specimen were conducted using AOAC 
(2010) methods to determine moisture, ash, fiber, protein, fat, and carbohydrate content. Various 
haematological indices, such as hemoglobin, red and white blood cell counts, and packed cell volume, 
were measured. Blood samples were collected post-feeding, and histological analyses were performed 
on the intestines and liver to assess tissue health. Enzyme activity assays were conducted to measure 
glutathione S-transferase and catalase activity. Additionally, plasma cortisol and whole blood glucose 
levels were analyzed. Biometric parameters such as total length, weight, liver weight, and fillet weight 
were recorded, along with the calculation of condition factor, hepatosomatic index, dressing index, 
and fillet weight percentage. Histopathological analysis involved preserving liver and intestine samples, 
which were then examined under a microscope to assess liver degradation and intestinal health, using 
metrics such as villi height, goblet cell count, and hepatocyte degradation. Data collected from the 
experiment were subjected to analysis of variance (ANOVA) test, Duncan Multiple Range Test 
(DMRT) was used to compare differences among individual means and the data were analyzed using 
SPSS version 20. Differences were considered significant at 0.05 level (P>0.05).

Clarias gariepinus post-fingerlings remain limited (Mbiyu et al., 2021). Understanding these effects is 
crucial for evaluating the safety and efficacy of maggot-based diets in aquaculture. The increasing 
reliance on fishmeal in aquaculture feed has raised concerns regarding its sustainability and 
environmental impact, prompting the search for alternative protein sources (Yildirim et al., 2023). 
While housefly maggots offer a promising solution, there is insufficient research on how fresh and 
dried maggots affect the health and growth of Clarias gariepinus post-fingerlings, particularly in terms 
of histopathological changes, blood parameters, and carcass quality (Adebayo & Ajani, 2023). These 
factors are critical in ensuring the nutritional safety and market value of fish produced using maggot-
based diets. Addressing this gap will provide valuable insights into the viability of insect-based feeds in 
commercial aquaculture. Thus, the present study seeks to evaluate the histopathology, blood and 
carcass quality of Clarias gariepinus post-fingerlings fed fresh and dried maggots.

MATERIALS AND METHODS

RESULTS
The feeding trial was carried out to investigate the histopathology, blood and carcass quality of Clarias 
gariepinus post-fingerling fed fresh and dried housefly maggot meal. Proximate analysis shows dry 
maggot meal contains Moisture (8.40%), Ash (9.30%), Crude Fat (11.70%), Fat/Oil (17.90%), Crude 
protein (28.80%) and Carbohydrate (23.90%). 

Table 1: Proximate Analysis of Dried Maggot meal

Dried Maggot meal Proximate Composition (%)

Moisture 8.40±0.77

Ash 9.30±0.73

Crude Fiber 11.70±1.00

Fat/Oil 17.90±1.11

Crude Protein 28.80±0.50

Carbohydrate 23.90±2.00

Values are means ± standard deviation of three (3) replicates

461



Data in the same row bearing different superscript differed significantly (p<0.05).

The table 2 showed the growth response of fish fed maggot meal. Fish on control feed had the highest 
yield on Total length, Total weight, Dressed weight, Liver weight and Fillet weight and the result is 
significantly different from other samples (p<0.05). The values for Total length, Total weight, Dressed 
weight, Liver weight and Fillet weight ranged from 19.00 ± 0.00 to 15.90 ±0.00, 316.00 ± 0.00 t o 
285.80 ±0.00, 213.73 ±0.10 to 204.73 ±0.30, 18.70 ±1.00 to 17.00 ± 0.00 and 243.00 ±2.00 to 
215.80 ±1.00 respectively. Condition factor ranged from 4.67±1.00 to 7.32±1.20, Hepatosomatotic 
index, 16.81±2.00 to 17.14±0.70, Dressing index, 1.39±1.00 to 1.48±2.00 and fillet yield 
1.30±0.00 to 1.34±1.00. The table 3 showed the haematological parameters of fish fed maggot meal. 
The values for Packed cell volume, Haemoglobin, Red Blood Cell, Liver glycogen and Plasma Glucose 
ranges from 24.50 ±0.10 to 25.8 ±1.10, 7.80 ±0.10 to 8.83 ±1.00, 2.40 ±2.00 to 2.79 ±1.00, 38.43 
±0.50 to 45.6±1.00 and 76.00 ±2.00 to 89.00 ±1.00 respectively. The values for Catalase and 
Glutathione S-transferase ranged from 275.93 ±1.00 to 454.02 ±0.50 and 176.33 ±1.00 to 236.88 
±0.50 respectively. The value for White Blood Cell ranged from 16.28 ±0.50 to 18.76 ±2.00. 

Table 3: Hematological Parameters of Fish Fed Maggot Meal

Values are means ± standard deviation of three (3) replicates. 
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Table 2: Carcass quality of catfish fed maggot meal

Organ Weight
 

Control Feed Fresh Feed Dried Feed

Total length (TL) (cm) 19.00a ± 0.00 15.90c ±0.00 16.00b ±0.00

Total weight (TW) (g) 316.00 a ± 0.00 285.80c ±0.00 300.00b ±0.00
Dressed weight (DW) (g) 213.73a ±0.10 204.73c ±0.30 207.70b ±0.05
Liver weight (LW) (g) 18.70 a ±1.00 17.00c ± 0.00 17.50b ± 0.50
Fillet weight (FW) (g) 243.00 a ±2.00 215.80c ±1.00 223.00b ±2.00
Condition factor 4.67c ±1.00 5.68b ±1.00 7.32a ±1.20
Hepatosomatic index 16.89b ±1.10 16.81c ±2.00 17.14a ±0.70

Dressing index 1.48a ±2.00 1.39c ±1.00 1.44b ±0.50
Fillet yield 1.30c ±0.00 1.32b ±2.00 1.34a ±1.00

Parameters Control feed Fresh feed Dried feed

Packed cell volume (%) 25.17b ±1.00 24.50b ±0.10 25.8a ±1.10

Haemoglobin (g/100ml) 8.20b ±1.00 7.80c ±0.10 8.83a ±1.00

Red Blood Cell(g/100ml) 2.77b ±3.10 2.40c ±2.00 2.79a ±1.00

White Blood Cell (g/100ml) 16.28c ±0.50 18.76a ±2.00 18.70b ±1.00

Liver glycogen  (mg/g) 38.43c ±0.50

 

43.55b ±2.00 45.65a±1.00

Catalase (µg/g/1min) 454.02a ±0.50 310.88b ±2.00 275.93c ±1.00

Plasma Glucose  (mmol/L) 69.00d ±0.50 76.00c ±2.00 89.00a ±1.00

Plasma Cortisol  (×10ng/ml) 6.28c ±0.50 8.76a ±2.00 8.70b ±1.00

Glutathione S-transferase (µg/g/1 min) 236.88a ±0.50 188.00a ±2.00 176.33b ±1.00

Values are means ± standard deviation of three (3) replicates. 
Data in the same row bearing different superscript differed significantly (p<0.05). 
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Values are means ± standard deviation of three (3) replicates. 
Data in the same row bearing different superscript differed significantly (p<0.05).

The table 4 shows the intestine histology of fish fed maggot meal. Fish on dry maggot feed meal had the 
highest yield on Villi width and Goblet cell number and the result is significantly different from other 
samples (p<0.05). The values for Villi width and Goblet cell number ranged from 82 ± 2.00 to 84 
±3.00 and 450 ±1.10 to 485 ±3.10 respectively. Fish on control feed meal had the highest yield on 
Villi length and the result is significantly different from other samples (p<0.05). The value for Villi 
length ranged from 602 ±1.00 to 614 ±0.10. 

The FIG 1-2 shows the intestine histology of fish fed maggot. Arrows point to hepatocytes (hp), 
sinusoids (sn), Kupffer cells (kc) and blood vessels (bv). In the present study, histological changes were 
also observed in the liver of fish fed with dry and fresh maggot. Severe vacuolation of hepatocytes and 
mild congestion were seen in fish liver fed with fresh diet (Fig. 2). Also  unstained portions showing fat 
vacuoles were observed in hepatocytes of fish fed with dried maggot (Fig. 2). Vacuolation in 
hepatocytes with pyknotic nuclei were observed in fish fed on fresh maggot (Fig. 3). He fresh maggot 
feed caused severe cytoplasmic vacuolation (Fig. 2) while dried maggot feed caused hepatocytes 
degeneration and mild vacuolation (Fig. 2).

FIG 1. Liver histology in Control feed fish sample. Scale bar = 100 µm. arrows point to hepatocytes 
(hp), sinusoids (sn), Kupffer cells (kc) and blood vessels (bv).

Histopathology of Liver

FIG  2. Liver histology in fresh feed fish sample. Scale bar = 100 µm. arrows point to hepatocytes (hp), 
sinusoids (sn), Kupffer cells (kc) and blood vessels (bv).

Table 4: Intestine histology of catfish fed maggot meal

Intestine histology Control feed Fresh feed Dried feed

Villi length (µm) 614a ±0.10 602c ±1.00 611b ±3.00

Villi width (µm) 83b ±3.00 82c ± 2.00 84a ±3.00

Goblet cell number 450c ±1 .10 462b ±3.10 485a ±3.10
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In summary, the results of this study indicate that dry maggot meal is a promising alternative to 
fishmeal, with superior effects on fish growth performance, haematological health, and intestinal 
morphology. The findings align with previous research, such as that of Huis (2013) and Igoche (2015), 
supporting the potential of maggot meal in aquaculture nutrition. Future studies should focus on 
optimizing maggot meal inclusion levels to minimize potential anti-nutritional effects and further 
enhance the performance of fish.

RECOMMENDATIONS
Further Studies on Anti-Nutritional Factors (ANFs): Future research should focus on identifying and 
quantifying the types and concentrations of ANFs in maggot meals to better understand their impact 
on feed intake and nutrient absorption.

CONCLUSION

The proximate composition of dry maggot meal in this study shows Moisture (8.40%), Ash (9.30%), 
Crude Fat (11.70%), Fat/Oil (17.90%), Crude Protein (28.80%), and Carbohydrate (23.90%). These 
results align with the findings of Huis (2013), who reported similar proximate values for maggot meals, 
underscoring the potential of maggot meal as a valuable alternative protein source in fish nutrition. 
Other studies, such as those by Makkar et al. (2014), also affirm the high protein and lipid content in 
insect-based feeds, making them comparable to fishmeal. The study's results on carcass quality 
demonstrate that fish fed on dry maggot meal exhibited the highest yields in Condition Factor, 
Hepatosomatic Index (HSI), and Fillet Yield, which were significantly different from other 
treatments (p<0.05). Fish on control feed, however, had the highest Dressing Index values. This 
outcome supports the findings of Stamer et al. (2014), who observed superior growth performance 
and feed utilization in Clarias gariepinus when maggot meal was incorporated into their diet. 
Moreover, reduced feed intake and palatability in fish fed with fresh maggot meal may be attributed to 
anti-nutritional factors (ANFs), as noted by Kroeckel et al. (2012), who observed similar issues when 
fishmeal was replaced with alternative protein sources. Fish fed with dry maggot meal showed 
significantly higher values for Packed Cell Volume, Haemoglobin, Red Blood Cell count, Liver 
Glycogen, and Plasma Glucose (p<0.05) compared to other samples, suggesting better physiological 
health and immune response. The results resonate with the findings of Igoche (2015), who reported 
enhanced haematological profiles in fish fed maggot-based diets. In contrast, fish on control feed had 
higher values for Catalase and Glutathione S-transferase, while those on fresh maggot meal showed 
higher White Blood Cell (WBC) counts, indicating stress or disease response, as pointed out by Peter 
(2002). These variations in blood parameters suggest that dry maggot meal could serve as a sustainable 
alternative to conventional fishmeal. Histological examination of the intestine in this study revealed 
that fish fed dry maggot meal had significantly higher villi width and goblet cell numbers (p<0.05), 
indicating enhanced nutrient absorption and protective mucus secretion. These results are in 
agreement with Igoche (2015), who reported similar observations in maggot-fed fish, linking increased 
goblet cell numbers to an immune response against dietary irritants. According to Poleksić et al. 
(2006), the structural integrity of the intestinal mucosa, submucosa, and muscular layers was 
maintained, with no observed pathological changes, supporting the idea that maggot meal does not 
induce adverse intestinal effects.The liver histology showed no significant abnormalities, although fish 
fed with both dry and fresh maggot meal exhibited slight vacuolization, which could indicate metabolic 
stress. This is consistent with findings from Parpoura and Alexis (2001), who observed hepatocyte 
necrosis in fish fed animal protein supplements. Furthermore, Caballero et al. (2004) and Hossain and 
Jaunecy (1989) reported similar liver pathologies when fish were fed suboptimal diets. The present 
study underscores the liver's role as an indicator of nutritional adequacy, as suggested by Tacon (1992).

DISCUSSION
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Nutritional Safety for Other Species: Additional studies are recommended to assess the nutritional 
safety and efficacy of maggot meal across a broader range of fish species, particularly in high-value 
aquaculture sectors.

 Aquaculture Research Journal, 56(4), 287-299.

Scaling Up Production: Efforts should be made to scale up the production of dry maggot meal for 
commercial use in aquaculture, given its proven efficacy as a fishmeal substitute.

Adejinmi, O., and Ogungbenro, O. (2023). Utilization of insect protein in aquaculture: Prospects and challenges. 

Optimization of Feed Formulation: To improve the palatability and nutritional balance of maggot-
based feeds, blending maggot meal with other ingredients may help mitigate the effects of ANFs and 
enhance feed intake.
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EVALUATION OF GROWTH PERFORMANCE AND BODY INDICES OF 
Oreochromis niloticus FED WITH VARYING INCLUSION LEVELS OF 
FERMENTED Hyphaene thebaica PULP 

Abdulkareem, H.O., A.H Bichi, A.B Dauda and A. Dasuki

Fish farming is one of the paramount sectors that is being explored and it is viewed as an area with the 
cheapest source of animal protein for human consumption (Dauda et al., 2017). Fish are considered to 
be a primary source of animal protein especially in most poor developing countries, thereby creating a 
huge demand (FAO, 2018). For optimal health, fast growth and sustainable production of farmed fish, 
a balanced feed with a good physical and chemical characteristic are required (Eze et al., 2018). Every 
living organism including fish requires food for growth, reproduction and maintenance of tissues. To 
sustain fish under culture, supplementation diet must be provided to complement natural feeds supply 
(Karapan et al., 2002). 

INTRODUCTION

Keywords:
Aquaculture, doum pulp 
meal, growth performance,
maize, Oreochromis niloticus

Supply of cheap and quality feed ingredients are major challenge to 
aquaculture. Therefore, this study assessed growth performance and 
body indices of Oreochromis niloticus fed with fermented Hyphaene 
thebaica pulp meal as partial substitute for maize for 12weeks. Five 
isonitrogenous diets of 35% crude protein were formulated in which 
yeast fermented doum palm meal (YFDPM) replaced maize at 0%, 
25%, 50%, 75% and 100% coded as YFDP0%, YFDP25%, 
YFDP50%, YFDP75% and YFDP100% respectively. Fifteen plastic 
containers of 40 litres capacity filled with 30 litres of water each, (5 
treatments and 3 replicates), were used for the experiment. The fish 
were fed at 5% body weight twice daily at 9.00am and 5:00pm. The 
feeding ration was adjusted every week after weighing. The highest 
weekly growth was obtained in 50%YFDPM (60.9g) and it differed 
significantly (P<0.05) from 75% YFDPM (30.5g). The highest 
hepasomatic index was observed in 75% YFDPM (1.9%) and is 
significantly different (P<0.05) from 25% YFDPM (1.5%). Highest 
viserasomatic index was recorded in 50% YFDPM (7.7%) and is 
differently significant (P<0.05) from 75% YFDPM (6.4%). The best 
result was produced at the substitution level of 50% inclusion of 
YFDPM. The inclusion of YFDP meals caused higher VSI in all fish 
groups except HSI for fish group fed 75% YFDP meal. Therefore, 
this study showed that YFDPM could be incorporated up to 50% 
without a negative effect on the growth and health status of the 
experimental fish. It is recommended that YFDPM be included in 
the feed of O. niloticus at 50% for optimum growth performance.

ABSTRACT
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MATERIALS AND METHODS

Oreochromis niloticus is a tropical species native to Africa (Deines et al., 2014) with favourable 
characteristics, such as tolerance to unfavourable environmental conditions (Edwards, 2015) survival 
at reduced dissolved oxygen level (Abdel-Tawwab et al., 2014), euryhaline (very tolerant to large 
change in salinity), high food conversion, fast growth and management condition (Sayed et al., 2015). 
As a result of these characteristics, O. niloticus is currently one of the preferred fishes for aquaculture 
(Ferdous et al., 2013). 
Feed type and source are some factors that affect growth rate and health status of cultured fish. 
Despite the high potentials of aquaculture, local fish production has failed to meet the country's 
domestic demand for aquaculture product due to high cost of production which emanates from high 
cost of feed ingredients (Umar et al., 2016) and fingerlings for stocking ponds (Etuk et al., 2020). 
Tilapia is generally accepted cultured fish species, an increase in its production can serve as a bridge to 
the high demand for animal protein from fish (Wing-keong and Nicholas, 2013). However, the 
production of tilapia in Nigeria like other tropical and sub-tropical nations is very economical due to 
the favourable temperature which enhances their growth (Mensah et al., 2013). Other alternative 
energy-based ingredient especially of plant origins like rice husks, maize cub, cassava peel, and some 
other agricultural wastes have been sought. 
Hyphaene thebaica is commonly referred to as doum, and it is a type of palm tree with edible oval fruit 
which belongs to the mint family (Arecaceae). Hyphaene thebaica is a good source of essential minerals 
such as potassium, sodium, calcium, magnesium and phosphorous. Furthermore, doum fruit has 
shown to provide essential B-complex vitamins, carbohydrate and fibres essential for good nutrition. 
The rapid increase in high cost of carbohydrate-based fish feed ingredients in the market is of great 
concern to fish farmers (Eze and Avwemoya, 2018). However, much attention has been on protein-
based ingredients to replace fishmeal, hence, the limited research on the replacement of energy-based 
ingredients. It may not be out of place to experiment fruits like doum palm that are less demanded by 
human being, to reduce competition with man. It is an agricultural waste product and can be readily 
available for aquaculture feed industry as an energy-based ingredient. However, these study attempted 
to evaluate the potential effect of replacing maize with fermented doum pulp on growth performance 
and body indices of O. niloticus fingerlings fed at varying inclusion levels.

Source and Fermentation of Hyphaene thebaica pulp

Two hundred and twenty-five (225) Oreochromis niloticus fingerlings with weight range of 1-3g were 
obtained from a reputable farm in Nasarawa State. On arrival, the fish was acclimatized for 1 week 
before the commencement of the experiment. The fish were fed on a commercial pelleted diet for 

The Doum palm pulp (DPP) was gotten from a local market in Dutsin-ma, Katsina State. The doum 
palm pulp after properly washed, the pulps were sun dried, crushed for further analysis. The doum 
pulp was fermented artificially following the method described by Yabaya et al., (2009), 2kg Doum 
palm pulp (DPP) was inculcated with 60.5mg of commercial dry yeast, S. cerevisiae, with a cell density 
of 3×106 cell g−1 (Fermipan®, GB ingredients, China) and 1.1L of distilled water (50% moisture) 
and were mixed for 15minutes to homogenize. It was subjected to treatment for 24hrs in an airtight 
container covered with aluminum foil and incubated at 40°C which is the optimal growth temperature 
for Sacchromyces cerevisiae. The dried sample was stored in a polyethylene bag for further analysis. 
The natural fermentation was carried out using the same method as yeast fermented, except that no 
yeast was added in its process.
Experimental Fish and Design

Experimental Site
The experiment was carried out at Armana Agro-Allied Entrepreneur Farm opposite Federal 
University Dutsin-Ma, Dutsin-Ma Local Government Area of Katsina State, Nigeria. 
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VSI = [(weight of viscera/total of fish weight) *100].

tilapia (2 mm) during acclimation. A completely randomized design (CRD) was used to conduct the 
experiment with 5 treatments and 3 replicates. After the acclimation, the fish were randomly selected 
at 15 fish per tank each in triplicates for 25%YFDP 1, 50%YFDP 2, 75%YFDP 3, 100%YFDP 4 (), with 
1 control (0% YFDP). Fish were not fed prior to stocking to reduce stress for 24hours. The fish were 
fed at 5% body weight per day in two equal proportions at 9:00am and 5:00pm for 12weeks. The feed 
was adjusted weekly based on the weight of the fish. Fish from each tank were weighed weekly using an 
electronic balance (Shimadzu BL2200H) and the amount feed fed was adjusted accordingly. Mortality 
was monitored daily and recorded. The weight was monitored weekly and recorded.

Data obtained from the weekly growth performance and body indices were expressed in mean ± error 
and presented using linear graphs and bar chart respectively. The data were subjected to one way 
analysis of variance (ANOVA) and where is significant difference at P<0.05, Tukey Honest Significant 
Difference test was used to compare differences among treatment means. The statistical analyses were 
carried out with SPSS version 20.0.

Body indices of Cultured Fish
Three fish were selected randomly from each replicate of the treatments making nine fish from each 
treatment. The fish were dissected, the weights of the whole gut was taken as visceral weight and the 
liver was weighed and recorded.

Viscerosomatic index (VSI) was calculated as

The hepatosomatic index (HSI) was calculated as 
HIS = [(weight of liver/total fish weight) × 100], 

Statistical Analysis

RESULTS
The biweekly weight increase of Oreochromis niloticus fed with varying inclusion levels of fermented 
doum palm pulp is presented in Fig.1. There was a uniform growth pattern of fish fed 0% and 25% 
YFDP from week 0 to week 7. There is also a partial growth pattern for fish fed 50% and 100% YFDP 
from the first week up to the end of the feeding trials. Fish fed diet containing 50% YFDP showed a 
remarkable increase in weight above the other treatments from the first week to the end of the feeding 
period. This was followed by fish fed diet 100% and 0% while fish fed diet 75% and 25% lagged behind 
after the third week. Fish fed diet 75% YFDP displayed slowest growth rate from the first week to the 
end of the feeding trial.

Figure 1: Weekly growth of Oreochromis niloticus fed varying inclusions of fermented Hyphene 
thebaica as replacement for maize
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Body indices of Oreochromis niloticus fed varying inclusion levels of fermented Hyphaene thebaica as 
replacement for maize
Figure 2 shows the body indices of Oreochromis niloticus fed varying inclusion of fermented 
Hyphaene thebaica as a replacement for maize. In the hepasomatic index, fish fed 75%YFDP meal was 
observed to have the highest value of 1.93% followed by fish fed 100%YFDP meal with 1.74% and the 
least was fish fed 25%YFDP meal with 1.49% values. Among the treatments, fish fed 50%YFDP meal 
was observed highest with 7.75% values, followed by fish fed 100%YFDP meal with 7.06% and the 
least was observed in fish fed 75%YFDP meal with 6.36%. The highest HIS was observed in 75% 
YFDPM (1.9%) and is significantly different (P<0.05) from 25% YFDPM (1.5%). Highest VSI was 
recorded in 50% YFDPM (7.7%) and is differently significant (P<0.05) from 75% YFDPM (6.4%
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Figure 2: Body indices of Oreochromis niloticus fed fermented Hyphene thebaica meal
*HIS: Hepatosomatic index, *VSI: Viscero0osomatic index, *YFDP: Yeast fermented doum pulp

Murrai et al., (1985) suggested that when excess energy in a diet comes from non-protein sources, it 
can result in greater deposition of fat in the visceral organs. The HSI values in this study were lower 
than those reported by Suharmili et al., (2015) and fell below the 8%–9% which is the critical limit 
suggested by Jobling (1988) beyond which the fish is considered having abnormal liver. The values of 
HSI and VSI observed in this study were comparable to what was observed by Mohanta et al., (2009) 
and Mohanta et al., (2007) for silver barb (Puntius gonionotus) fed excess carbohydrate levels, 
Yengkokpam et al., (2006) for Catla catla fed different sources and levels of gelatinized carbohydrates, 
and Hemre et al. (1989) for cod (Gadus morhua) fed starch as an energy source. Mohanta et al., (2007) 
reported that the increase in HSI and VSI are due to excess carbohydrates fed than the required levels 
by fish which are usually converted into lipid and deposited in the visceral. These findings agreed with 

DISCUSSION
The weekly growth recorded indicated that the fish fed with the experiment diets during the studies 
responded positively in terms of growth although there were variations where fish in some treatments 
performed better than other treatments similar to the results obtained by (Bassey et al., 2018). This 
showed that all the dcccciets were of good quality providing all the nutrients required by fish for good 
health and optimal growth. Generally, the group fed fermented diet at 50% showed a remarkable 
increase in weight above the other treatments from the first week to the end of the feeding period.
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Abdel-Tawwab, M., Hagras, A. E., Elbaghdady, H. A. M. and Monier, M. N. (2014). Dissolved oxygen level 

the results of Ahmad et al. (2012); Hemre et al., (2002); Krogdahl et al., (2005); Lee et al., (2002) and 
Nandeesha et al., (2002) that feeding high carbohydrate diets to fish increases their VSI and HSI. 
Significant increases in HSI have been reported for mrigal and rohu carp fed different inclusion of 
carbohydrates (Aderolu and Sahu, 2015; Debnath et al., 2007).

 tilapia, Oreochromis niloticus. Journal of Applied Aquaculture, 26(4): 340-355.
Aderolu, A. and Sahu, N. (2015). Growth performance, nutrient utilization, metabolic and digestive 

 carbon sources affects biofloc volume, water quality and the survival and physiology of African 

Debnath, D., Pal, A., Sahu, N., Yengkokpam, S., Baruah, K., Choudhury, D. and Venkateshwarlu, G. (2007). 

 crude protein levels. Comparative Biochemistry and Physiology Part B: Biochemistry and 
 Digestive enzymes and metabolic pro- file of Labeo rohita fingerlings fed diets with different 

CONCLUSION
Observation after 12weeks experimental period showed that the diets containing fermented 
Hyphaene thebaica is acceptable to O.niloticus  as substitution to maize  with 50% replacement level 
produced the best growth performance. Though the doum pulp meal can be included up to 100%, 
since the fish showed good appetite for all the treatment diets. Inclusion of doum pulp meal in the diet 
does not have detrimental effect on O. niloticus as revealed by the survival rate and 50% inclusion 
could be referred as optimum as it led to the best performance.  
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INTRODUCTION
Most inputs required for fish production are available in most part of Nigeria, such s; suitable land for 
construction of earthen ponds, adequate supply of water, hatchery breed fish seed and technical 
support. One of the inputs that can be considered as a serious knitting factor is good quality fish diet. 
Dedicated fish feed mill are scarce or unavailable, and the existing ones find it difficult to meet 
demands of farmers due to competition between man, culture fish and livestock for the available feed 
stuffs (Benedict et al., 2005). According to Esonu et al. (2011) these crippling realities that are 
characteristics of third world countries has led to the use of locally available and cheap industrial by-

ABSTRACT
The aim of the study is to produce good quality feed using low cost 
energy source in semi-intensive system to encourage farmers at rural 
areas to ensure adequate supply of fish feed at affordable price. Four 
existing earthen ponds of 200m2 were stocked with 1000 post-
fingerlings hybrid catfish (Clarias gariepinus female x Heterobranchus 
Longifilis male) and 500 juvenile Nile tilapia (Oreochromis niloticus)  
at a rate of 6 fish/m2 and ratio 2:1 (catfish : tilapia). The stocked fish 
were fed on a mixture of cow blood and wheat bran commonly referred 
to as bran-blo (Treatment I) for a period of six (6) months with 
commercial diet coppens (Treatments II) as control. Fish performance 
by species in term of fish growth, yield and survival were recorded and 
used to calculate rate of return on investment.  The study showed that 
fish cultured under treatment II exhibited higher growth rates than 
those in treatment I (Bran Blo). However, in terms of economic 
profitability, Treatment I in Nile Tilapia and Treatment I in Hybrid 
catfish  showed the highest gross profit of N221,600:00 and 
N1,474,000:00 respectively, as a result of the low cost of production of 
Bran-Blo. There were no significant differences (P>0.05) in all water 
quality parameters except the water transparency where treatment II 
was more transparent than treatment I. The benefit /cost ratio showed 
that treatment I in both  Nile Tilapia and Hybrid Catfish fed with Bran 
Blo are viable with values above 1. Based on the results from the present 
study, it can be concluded that bran blo diet is profitable and can be used 
efficiently for production of C. gariepinus and O.niloticus  in fertilized 
earthen ponds.

Keywords:
Hybrid (Heteroclarias),
Nile Tilapia, Bran-Blo,
intensive culture. 
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products, novel crop and waste as ingredients.
Wheat bran is a by-product of dry milling of common wheat into flour, it is one of the major agro-
industrial by-products used in animal feeding (Boujard et al., 2002). Wheat bran contains many 
nutritionally valuable components such as dietary fiber and phenolic compound with antioxidative 
properties (Javed et al., 2011).  Aquaculture industry has witnessed the introduction of foreign 
floating feeds with high cost (Coulibaly et al., 2007). This has made it impossible for many fish farmers 
to break even at the end of production cycle. Hence the use of non-conventional feed stuff for 
omnivorous species like catfish is very crucial under the semi-intensive system. The aim of this study is 
to produce good quality fish feed using low cost energy source in semi intensive system to encourage 
farmers at the rural level to ensure adequate supply of affordable fish feed for rural farmers.

MATERIAL AND METHODS
The experiment was carried out at the Nigerian Institute for Oceanography and Marine Research, 
Sapele Out-Station Farm, Sapele, Delta State, Nigeria from February 2023 to August 2023 in earthen 
ponds culture condition. Wheat bran was purchased from Laterrain Agro Store in Sapele Local 
Government Area of Delta State Nigeria while fresh cow blood was collected with clean plastic 
container from Sapele abattoir. The wheat bran was mixed with the cow blood at ratio 2:1 i.e. 50kg of 
wheat bran to 25kg (20liter) of cow blood respectively and sunned for 5 days. Bran-blo was analyzed to 
determine its proximate composition (Table 1) according to the methods of AOAC (1990). 
Four existing earthen ponds of 200m2 were stocked with 1000 post-fingerlings (mean length 
10.32±1.74cm; mean weight 8.10±0.12g) hybrid catfish (Clarias gariepinus female x 
Heterobranchus Longifilis male) and juvenile (mean length 7.01±0.55cm; mean weight 5.33±0.44g) 
Nile tilapia Oreochromis niloticus  each at a rate of 6 fish/m2 and ratio 2:1 (catfish : tilapia). The 
stocked fish were fed with a mixture of cow blood and wheat bran commonly referred to as bran-blo 
for a culture period of six (6) months with a commercial diet, coppens as control. Fish performance by 
species such as; growth rate, yield and survival were recorded and used to calculate rate of return on 
investment. The following parameters were determined

Where;
ln = natural log 
Final conversion ratio =    Total weight of feed consumed              
                                Total weight of fish produced
Fish survival rate (SR%0 =     Total fish number harvested     ×  100

Total fish number stocked
Fish yield   =   Total weight of fish harvested over culture    × 100
                            ( g/180days/200m2)  
Data collected was subjected to analysis of variance ANOVA and significantly different means were 
separated using Duncan's New Multiple Range.

RESULTS
The proximate composition of bran blo and control diet coppens are shown in Table 1. The results 
indicated that coppens had higher values of crude protein, and fat, than bran blo. Whereas bran blo 
recorded higher values of crude fiber, moisture, ash fry matter and metabolizable energy. The water 
quality analysis in the rearing ponds during the trial are presented in Table 2. The results revealed that 
no significant differences (P>0.05) in all water quality parameters except the water transparency 

Bi-weekly mean weight gain (g) =
Total bi-weekly weight(g)

Total No of fish weight (g)

Specific growth rate(SGR%/day)=100X
In Final weight-In Initial weight of fish

Culture period (days)
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where treatment II was more transparent than treatment I. The growth performance feed utilization 
and production of Nile tilapia fed with wheat blood (bran blo) and commercial diet (Coppens) are 
presented in Table 3 the results revealed that final weight gain (g), weight gain (g), no of fish harvested, 
total weight of fish harvested (kg), specific growth rate and survival rate were significantly (P<0.05) 
higher in fish fed with coppens than those fed with bran blo. However, feed intake and feed efficiency 
were higher in fish fed bran blo.
Furthermore, The growth performance feed utilization and production of Hybrid Heteroclarias fed 
with wheat blood (bran blo) and commercial diet (Coppens) are presented in Table 4, the results 
showed that final weight gain (g), weight gain (g), no of fish harvested, total weight of fish harvested 
(kg), specific growth rate and survival rate were significantly (P<0.05) higher in fish fed with coppens 
than those fed with bran blo. However, feed intake and feed efficiency were higher in fish fed bran blo. 
The cost benefit analysis of Nile tilapia and Hybrid Heteroclarias fed with bran blo t1 and commercial 
feed (coppens) are presented in Table 5 and 6 respectively.  The results revealed that    Treatment I in 
Nile Tilapia and Treatment I in Hybrid catfish ( fed with Bran Blo) showed the highest gross profit of 
221,600 and 1,474,000. The benefit /cost ratio showed that treatment I both in the Nile Tilapia and 
Hybrid Catfish fed with Bran Blo are viable with values above 1

Table 1: Proximate Composition of Bran Blo and Control Diet Coppens
Nutrients Bran Blo (TI) Coppens (TII)
Crude protein
Crude fibre
Fat
Moisture
Ash
Dry matter
M. E. Kcal/Kg

33.48
6.50
1.90
12.00
8.50
88.00
3.085

49
0.90
13.00
-
8.10
-
-

Table 2: Water Quality Analysis in rearing ponds 

Parameters Treatments
TI TII

Temperature  (0 C ) 30.49 ±3.66a 30.65±3.04 a

Dissolved Oxygen mg/l 7.78 ± 1.33 a 8.76±2.99 a

pH 6.35 ± 1.09 a 6.60±3.95 a

Transparency (cm) 45.98±4.99 b 26.60±2.90 a

Means within the row with different superscripts are significantly different (p<0.05)

Table 3: Growth Performance Feed Utilization and Production of Nile Tilapia Fed with Wheat Blood 
(Bran Blo) and Commercial Diet (Coppens)

Variables Wheat Blood (Bran Blo) TI Commercial Feed (Coppens) TII
Initial weight gain (g)
Final weight gain (g)
Weight gain (g)
No of fish stocked
No of fish harvested
Total weight of fish harvested (kg)
Specific growth rate
Feed intake

Survival rate %

3.02 ± 0.11 a

280 .02± 0.68 a

277.08 ± 0.57 a

500.22± 0.00a

278.65± 0.44 a

88.00± 2.00 a

1.58 ± 0.40 a

1100.00± 1.03 b

16.40± 1.07 b

55.60± 0.66 a

3.08 ± 0.12 a

340.88 ± 0.49 b

337.08 ± 0.37 b

500.00± 0.05 a

315.82± 0.02 b

104.66± 0.06 b

1.65 ± 0.31 a

990.09± 0.43 a

11.90± 0.99 a

63.00± 4.66 b

Means within the row with different superscripts are significantly different (p<0.05)
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Table 6: Cost Benefit Analysis of Hybrid Catfish fed with Bran Blo T1 and Commercial feed Coppens)

Table 4: Growth Performance, Feed Utilization and Production of Hybrid Heteroclarias Fed with 
Wheat Blood (Bran Blo) and Commercial Feed (Coppens).

Variables Wheat Blood (Brab Blo) TI Commercial Feed (Coppens) TII
Initial weight gain (g)
Final weight gain (g)
Weight gain (g)
No of fish stocked
No of fish harvested
Total weight of fish harvested (kg)
Specific growth rate
Feed intake

Survival rate %

5 .00 ± 0.07 a

500.33 ± 0.68 a

450.00 ± 3.10 a

1000.00± 8.00 a

810.00± 7.66 a

450.00± 8.54 a

0.01 ± 0.00 a

1100.00± 9.13 b

2.40± 0.88 b

81.00± 4.99 a

5.00 ± 0.53 a

750 .00± 9.54 b

745.00 ± 9.88 b

1000.00± 8.77 a

865.00± 9.02 a

670.00± 8.65 b

0.01 ± 0.00 a

990.00± 8.66 a

1.40± 0.02 a

86.12±5.92 a

Means within the row with different superscripts are significantly different (p<0.05)

Table 5: Cost Benefit Analysis of Nile Tilapia fed with Bran Blo T1 and Commercial feed (Coppens)

S/N Items Quantity Unit Cost Total Cost Benefit

A
B
1
2
3
4

C
1
D
1
2
3
E

Fixed Cost
Variable Cost
Tilapia Juvenile
Wheat offer
Cow blood
Coppens:

2mm
4mm
6mm

Revenue
Tilapia sales
Profitability
Gross Profit
Profit Index
Incidence of Cost
Benefit/Cost ratio

T1              T2
0 1

500       500
9bags          -
9 of 20lit     -

- 2bags
- 7bags
- 28bags

278             315

T1              T2
25,000    25,000

N20/1       N20/1
12,000      12,000
1,500        1,500

- 38,000
- 25,000
- 23,000

1700          1700

T1      T2
25,000        25,000 

10,000        10,000
108,000          -
108,000          -

- 76,000
- 175,000
- 644,000

251,000       930,000

472,600     535,500

T1          T2

221,600       -394,500
2.19        0.60
2,454.55      8,605.77
0.88              -0.42

S/N Item Quantity Unit Cost Total Cost Benefit 
 
A
B
1
2
3
4

C
1
D
1
2
3
E

 
Fixed Cost
Variable Cost
Tilapia Juvenile

Cow blood
Coppens:

2mm
4mm
6mm

Revenue
Tilapia sales
Profitability
Gross Profit
Profit Index
Incidence of Cost
Benefit/Cost ratio

T1              T2
0 1

1000          1000
18bags          -
18 of 20lit     -

- 4bags
- 14bags
- 56bags

810             865

T1              T2
25,000    25,000

N40         N40
12,000      -
1,500        -

- 38,000
- 25,000
- 23,000

2,200 2,200

T1              T2
25,000     25,000 

40,000     40,000
216,000      -
27,000        -

- 152,000
- 350,000
- 1,830,000

308,000   2,397,000

1,782,000   1,903,000

T1          T2

1,474,000    -494,000
2.30      0.82
2,761.36     22,423.08
4.79            -0.21
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DISCUSSION
In the present study, fish fed on coppens feed exhibited significantly better growth than the other 
diets. Apart from the nutrient content of the feed, formulation and processing determine bio-
availability of nutrients, feed acceptability, palatability and durability which affects growth 
performance of fish ( Afzal et al., 2017). The better performance of Coppens feeds over the un-
pelleted bran blo feed could be attributed to the fact that coppens feed may have reduced feed 
wastage, uniform feed intake and destruction of growth inhibitors (Soltan et al., 2018). It has been 
noted that fish fed combined type of food especially bran blo are usually the worst performers since 
such diets are neither complete nor balanced and do not supply all nutrients required by the fish 
(Yakubu et al., 2014). 
The cost benefit analysis in this present study did not take into consideration the cost of both pond 
construction and water as these were considered a constant. Although there were positive returns for 
all the diets, Bran blo  was the most profitable compared with the other dietary treatments. This 
observation is in agreement with other authors who indicated that inclusion of wheat bran in fish diets 
is cost-effective in the production of O. niloticus in fertilized ponds (Mugunti et al., 2012).  The net 
economic returns were also higher in the brablo  diets. The benefit /cost ratio showed that treatment I 
both in the Nile Tilapia and Hybrid Catfish fed with Bran Blo are viable with values above 1. Utomakili 
and Aganmwonyi (1995) stated that benefit/cost ratio that is greater than 1 is viable.

CONCLUSION AND RECOMMENDATIONS 
Considering the availability of the used agro-industrial by-products in the country and the results from 
the present study, it can be concluded that bran blo  diet is profitable and can be used efficiently for 
production of C. gariepinus and O.niloticus  in fertilized earthen ponds. 

REFERENCES
Afzal, M., Rab, A., Akhtar N, Khan, M.F., Barlas, A., and Qayyum, M. (2017). Performance of Bighead Carp 

(Aristichthys nobilis) in Polyculture System. International Journal of Agriculture & Biology, 
9(6), 931–933. 

Benedict, O. O., Gabriel, U. U., and Ezekiel, O. A. (2005). Effect of stocking size of the predatory African 
Catfish Heterobranchus Longifilis V on the growth performance of Nile Tilapia (Oreochromis niloticus 
L.) in pond culture. Journal of  Fisheries and  Aquaculture, 1(3), 35 – 43.

Boujard, T. I., Labbe, L., and Anperin, B. (2002). Feeding behavior, energy expenditure and growth of 
rainbow in relation to stocking density and Food Accessibility Aquaculture Research, (33), 1233 – 1242.

Coulibaly, A. N., Ouattara, T., Kone, V., Douba, J. N., Snoeks G. B. G., and Kouamelan, E. O. (2007). 
First results of Floating Cage Culture of the African Catfish Heterobranchus Longifilis Valenciennes 
1840. Effect of Stocking Density ion Survival and Growth Rates. Aquaculture, 263, 201 – 207.

Esonu, B. O., Azubuke J. C., Udedibie A. B. J., Emenalon O. O., Iwuji T. C. and Odoneme, A.G. (2011). 
Evaluation of the Nutritive value of Mixture of fermented Bovine Blood and Rumen Digested 
for Broiler Finishers. Animal Production, 12,120-127.

Javed, R., Grautan, S. K., Vijh, R. K., and Tantia, M. S. (2011). Si novel PCR-RFLP loci in Milk quality 
candidate genes in Bubalus bubalis. Scientific Journal, 112, 432-437.

Munguti, J,, Charo-Karisa, H., Opiyo, M.A., Ogello, E., Marijani, E., Nzayisenga, L., and Liti, S. (2012). 
Nutritive value and availability of commonly utilized feed ingredients for farmed Nile tilapia, 
Oreochromis niloticus L. and African catfish, Clarias gariepinus, (Burchell) in Kenya, Tanzania 
and Rwanda. African Journal of Food, Agriculture and Nutrition Development,  12(3), 6135-6155.

Soltan, M.A., Hanafy, M.A., and Wafa, M.K. (2018). An evaluation of fermented silage made from fish by-
products as a feed ingredient for African catfish (Clarias gariepinus). Global Veterinaria, 2(2), 80-86. 

Utomakili, J. B., and Aganmwonyi, F. E. (1995). Farm management: a basic textbook. 249pp.  

477



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Yakubu, A. F., Nwogu, N. A., Olaji E. D., Ajiboye O. O., Apochi J. O., Adams T. E., Obule E. E., and Eke M. 
A. (2014). Comparative Study on Growth Performance and Survival Rate of Clarias garipinus 
Burchell 1833 and Heterobranchus longifilis Valencisnne, 1840 under water recirculation system. 
Agriculture Forestry and  Fisheries, 3 (1), 30 – 33.

478

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

PLASMA ENZYME ACTIVITIES OF Clarias gariepinus JUVENILES FED 
Pueraria phaseoloides LEAF MEAL INCLUSION DIETS

1 1 1 1 2Godwin, S. O., E. J. Ansa, J. C. Ike-Onasi, U. B. Eze and M. Anyanwu

1African Regional Aquaculture Centre/Nigerian Institute for Oceanography and Marine Research 
(ARAC/NIOMR), P.M.B. 5122, Port Harcourt, Nigeria.
2Nigerian Institute for Oceanography and Marine Research, Victoria Island, Lagos.

Corresponding Author:
obisimple@gmail.com, +234 806 390 2018

INTRODUCTION
World demand for food fish is growing owing to population growth, urbanization and income growth. 
Sadly, increase in yields of the ocean fisheries would result in destruction of the wild fish stocks 
(Godwin et al., 2021). Aquaculture seems to be one sure alternative means of supplying fish for 
consumers, to fill the increasing gap between supply and demand for food fish, while maintaining wild 
fishery harvests at sustainable levels. However, manufactured feed is a key problem of aquaculture as 
feed gulps at least 60% of the total production costs (Gabriel et al., 2007). Hence, there is pressing 
need to look for readily available and low-cost plant protein ingredients to partially or completely 
substitute the costly and scarce conventional protein ingredients in fish feeds for sustainability of the 
aquaculture industry.
Clarias gariepinus (African mud catfish) is one of the most popular fish for culture in Nigeria (Godwin 
et al., 2021). Due to the rising demand for catfish in Nigeria in recent years, fish farmers have increased 
production leading to improved stocking and feeding rates (Akinrotimi et al., 2007). C. gariepinus is an 
omnivorous fish with a preference for a planktonic diet. It exists in the wild, although it is also cultured 
in ponds, cages, and pens and is of vast commercial significance.
Pueraria phaseoloides is a fast-growing plant species. The leaf is used as forage for animals particularly 

ABSTRACT
A 10-week feeding experiment was conducted to evaluate the plasma 
enzyme activities of Clarias gariepinus juveniles fed diets formulated 
with varying inclusion levels of Pueraria phaseoloides leaf meal 
(PLM). Five isonitrogenous diets (D1-D5) were formulated to 
contain 40% crude protein with inclusion of PLM at 0%, 5%, 10%, 
15% and 20% levels, designated as D1 (control), D2, D3, D4, and D5 
respectively. One hundred and fifty C. gariepinus juveniles of initial 
mean weight of 79.87 ± 5.85 g were randomly allocated to five 
dietary groups and three replicates each and fed at 5% of biomass 
daily. Fifteen concrete tanks of volume 1m3 each were used for the 
experiment. Each tank was stocked with ten juveniles. All the 
formulated diets were accepted by the experimental fish. Results 
showed that inclusion of PLM in the formulated diets up to 20% level 
did not negatively alter the activities of the plasma enzymes, the 
bioreaction accelerators. Thus, catalysis of specific biochemical and 
physiological reactions in the experimental fish were maintained. 
Hence, PLM can be included in C. gariepinus diets up to 20% level 
for enhanced feed metabolism and maintenance of enzymes activities 
in African catfish.

Keywords:
Aquaculture, enzymes,
feed, fish, plasma.
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rabbits in several African counties while the seeds are used as feed for birds in some Asian countries 
(Ifeanacho et al., 2017). P. phaseoloides is a twiner, climbs over other plants, and can become an 
invasive species due to its fast growth, wide seed distribution, and capacity to fully cover other plants 
(Godwin et al., 2021). P. phaseoloides is readily available all-year-round in the tropics, has no 
competition for human consumption, and the leaves can easily be prepared as leaf meal.
Enzymes are biomolecules, mainly proteins, that catalyse specific biochemical reactions in living 
organisms. Enzyme catalysis accelerate the rate of biochemical reactions in the cells of organisms. 
Almost all metabolic processes in the cells of organisms need enzyme catalysis in order to occur at rates 
fast enough to sustain life. Metabolic pathways depend upon enzyme activities to catalyse individual 
steps (Godwin, 2021).
The present study seeks to evaluate the plasma enzyme activities of C. gariepinus juveniles fed diets 
formulated with varying inclusion levels of P. phaseoloides leaf meal (PLM).

MATERIALS AND METHODS
Collection and Preparation of P. phaseoloides Leaf Meal
The P. phaseoloides leaf sample was sourced and collected from the premises of African Regional Aquaculture 
Centre (ARAC), Aluu, Rivers State, Nigeria. The leaves were shade-dried at room temperature for three 
weeks and ground into very fine particles. The ground sample was stored for later usage.

Formulation and Preparation of Experimental Diets
The feed ingredients used in this study include: PLM, wheat bran, soybean meal, fish meal, palm oil, 
garri (binder), bone meal, iodized salt, fish premix, lysine, methionine, and vitamin C. All the feed 
ingredients measured out summed up to 100% as shown in Table 1. Five isonitrogenous diets of 40% 
crude protein were formulated using Pearson Square method. The control diet (Diet 1) contained 0% 
PLM, Diet 2 contained 5% PLM, Diet 3 contained 10% PLM, Diet 4 contained 15% PLM, and Diet 5 
contained 20% PLM. The dough of each practical diet was pelletized separately using Atlas Diesel 
Engine Pelletizer (R175A, China) through a 4mm die (the appropriate feed size for the juveniles to 
actively eat) to produce pellets and sun-dried separately for 72 hours and more. The dry pellets were 
stored in air-tight plastic buckets and labeled accordingly.

Table 1: Percentage Composition of Experimental Diets

Ingredients Diet 1

(0% PLM)

Diet 2

(5% PLM)

Diet 3

(10% PLM)

Diet 4

(15% PLM)

Diet 5

(20% PLM)

PLM 0.00 5.00 10.00 15.00 20.00

Wheat Bran 19.76 15.02 10.27 5.54 0.79

Soybean Meal 33.80 33.67 33.54 33.41 33.28

Fish Meal 33.80 33.67 33.54 33.41 33.28

Palm Oil 5.00 5.00 5.00 5.00 5.00

Garri (Binder) 5.00 5.00 5.00 5.00 5.00

Bone Meal 1.50 1.50 1.50 1.50 1.50

Salt 0.50 0.50 0.50 0.50 0.50

Premix 0.25 0.25 0.25 0.25 0.25

Lysine 0.15 0.15 0.15 0.15 0.15

Methionine 0.15 0.15 0.15 0.15 0.15

Vitamin C 0.10 0.10 0.10 0.10 0.10

Total (%) 100 100 100 100 100

PLM = Pueraria phaseoloides leaf meal
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Project Location
The feeding experiment was done at the African Regional Aquaculture Centre (ARAC), a Department of 
the Nigerian Institute for Oceanography and Marine Research (NIOMR), Aluu, Rivers State, Nigeria.

Proximate Analyses
All proximate analyses were determined on a dry weight basis at the Plant Anatomy and Physiology 
Research Laboratory, University of Port Harcourt, Rivers State, Nigeria; using the Association of 
Official Analytical Chemists (AOAC) method (2006). The parameters analyzed were moisture 
content, ash content, crude protein, crude fat, crude fibre, and total carbohydrates.

Water Quality Analyses
The water quality parameters measured include: temperature, pH, dissolved oxygen, ammonia, nitrite, 
and total hardness. Temperature was measured with a mercury-in-glass thermometer, while other 
parameters were determined using LaMotte Fresh Water Aquaculture Test Kit (Code 3633-05, USA).

Source of Experimental Fish/Acclimatization
One hundred and fifty C. gariepinus juveniles of the same stock and mean weight 79.87 ± 5.85 g were 
obtained from ARAC Catfish Hatchery. The fishes were acclimatized for two weeks and fed twice 
daily with ARAC catfish feed at 5% biomass.

Experimental Design, Rearing Units, and Stocking of Fish 
Completely Randomized Design was used, with five treatment levels and three replicates each. A total 
of 15 concrete tanks of volume 1m3 each were used for the experiment. Each tank was stocked with 10 
juveniles. A total of 150 juveniles were stocked.

Feeding of Experimental Fish
The experimental fish were handfed twice daily, morning and evening at 9:00 am and 4:00 pm. The 
daily ratio of 5% biomass was divided into two, and a half fed to the fish each time. The weight of feed 
fed was adjusted every two weeks to contain weight gain by fish. The experiment lasted for 10 weeks.

Collection of Blood Samples
Blood samples for biochemical analyses were collected and preserved in sterile 
ethylenediaminetetraacetic acid (EDTA) bottles, 15 in number, and labeled based on each 
experimental treatment for easy identification. EDTA salt was used as the anticoagulant because it 
produces excellent results with preserved blood (Ariweriokuma et al., 2016). The blood sample was 
drawn from the caudal vein situated near the vertebrae column in the caudal part of the fish 
(Akinrotimi et al., 2007). A hand net was used to capture individual fish from the experimental tanks 
and blood samples were collected using 5ml disposable syringes and 21-G hypodermic needles.
During blood collection, the head of each fish was covered with a piece of moist cloth for physical 
restriction with minimal stress (Nwadukwe and Ayinla, 2004). The needle was inserted 
perpendicularly on the surface of the fish at a point slightly above the openings of the genital papilla. As 
the needle pierced the fish vein, blood flowed easily into the syringe and 3ml of blood was collected 
before the needle was withdrawn. The needle was thereafter detached from the syringe and blood was 
transferred into EDTA bottles. The blood samples were analyzed for biochemical parameters at the 
Lively Stones Medical Laboratory, Choba, Port Harcourt, Nigeria.

Data Analysis
Data obtained from the study were subjected to Analysis of Variance (ANOVA) using SPSS (version 
21) and comparisons were done at 0.05 significance level. Values were expressed as mean ± standard 
deviation (mean ± S.D) of triplicate determinations.
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RESULTS AND DISCUSSION
Proximate Composition of P. phaseoloides Leaf Meal
Table 2 shows the proximate composition of P. phaseoloides leaf meal.

Table 2: Proximate Composition of P. phaseoloides Leaf Meal

Nutrients % Composition

Moisture 5.23±0.23

Ash 5.35±0.75

Crude Protein 18.31±2.62

Crude Fat 7.00±0.00

Crude Fibre 20.15±0.57

Carbohydrate 43.96±4.09

Values are mean ± standard deviation of triplicate determinations.

Phytochemicals Screening of P. phaseoloides Leaf Sample
Table 3 shows the phytochemical composition of the leaf meal. Phytochemicals are widely known to 
have protective effects against chemically-induced oxidative damage, by enhancing the antioxidant 
defence system of animal tissues and blocking oxidative stress (Abarikwu et al., 2018). In the present 
study, we observed cardiac glycosides, flavonoids, saponins, and quinones as phytochemicals present in 
the P. phaseoloides leaf sample. These phytochemicals improved the quality of the PLM inclusion diets 
and thus enhanced the survival of the experimental fish.

Table 3: Phytochemicals screening of P. phaseoloides leaf sample

S/No. Phytochemicals Results
1 Alkaloids -ve
2 Cardiac glycosides +ve
3 Flavonoids +ve
4 Phenols -ve
5 Phlobatannins -ve
6 Saponins +ve
7 Sterols -ve
8 Tannins -ve
9 Terpenoids -ve
10 Quinones +ve
11 Oxalate -ve
12 Diterpenes -ve

+ve: Positive
-ve: Negative 

Water Quality Parameters
Table 4 shows the water quality parameters of the culture media. Fishes go about their activities inside 
water and are dependent on water for feeding, respiration, excretion, osmoregulation, growth, and 
reproduction. Thus, a successful aquaculture business is dependent on the health of the fish and good 
water quality management. In the present study, the water quality parameters recorded no significant 
differences (p>0.05) in all the experimental tanks and were within acceptable tolerant ranges 
recommended for freshwater fish culture (Ariweriokuma et al., 2016). Hence, the basic water quality 
parameters measured did not affect any observed differences in the performance of the experimental fish.
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Table 4: Water Quality Parameters
Parameters Experimental Tanks

Tank 1 (control) Tank 2 Tank 3 Tank 4 Tank 5

pH 6.68±0.02a 6.66±0.01a 6.61±0.08a 6.62±0.03a 6.62±0.02a

Temperature (ºC) 27.27±0.01b 27.28±0.01b 27.28±0.02b 27.29±0.01b 27.29±0.01b

Dissolved Oxygen (mg/l) 6.62±0.01c 6.59±0.02c 6.60±0.02c 6.59±0.02c 6.60±0.02c

Ammonia (mg/l) 0.10±0.01d 0.11±0.02d 0.12±0.02d 0.12±0.02d 0.12±0.02d

Nitrite (mg/l) 0.29±0.01e 0.29±0.01e 0.29±0.01e 0.30±0.02e 0.29±0.02e

Total Hardness (mg/l) 43.46±0.02f 43.48±0.02f 43.47±0.02f 43.47±0.03f 43.45±0.01f

Values are mean ± S.D. of triplicate determinations. Values with similar superscript letters along the 
same row are not significantly different (p>0.05) compared to the control (Tank 1).

Plasma Enzyme Activities of the Experimental Fish
Table 5 shows the plasma enzyme activities of the experimental fish at the end of the feeding 
experiment. The job of enzymes is to catalyze specific biochemical reactions in living organisms. 
Enzyme activities affect various biochemical and physiological reactions in the fish body (Begum, 
2004) and changes in enzyme activities are important stress indicators (Godwin, 2021). 

Table 5: Plasma Enzyme Activities of the Experimental Fish

Experimental

Groups

AST

(u/l)

ALT

(u/l)

ALP

(u/l)

LDH

(u/l)

ACP

(u/l)

Group 1 (control) 48.33±1.15a 11.67±0.58a 22.67±1.15a 41.33±12.06a 4.93±1.50a

Group 2 46.67±1.15a 11.33±2.08a 21.67±0.58a 39.67±0.58a 4.73±1.36a

Group 3 46.33±1.53a 10.33±1.53a 18.67±1.15b 37.00±5.57a 4.43±0.06a

Group 4 43.33±0.58b 9.00±1.00b 18.33±3.51b 33.67±3.06a 4.00±0.36a

Group 5 40.67±1.15b 8.33±1.53b 16.33±1.53b 32.67±3.06a 3.83±0.35a

Values are mean ± standard deviation (n=10). Values with similar superscript letters along the same 
column are not significantly different (p>0.05) compared to the control (Group 1).

AST = Aspartate transaminase; ALT = Alanine transaminase; ALP = Alkaline phosphatase; LDH = 
Lactate dehydrogenase; ACP = Acid phosphatase.

Gaylord et al. (2010) reported decreased enzyme activities of aspartate transaminase (AST), alanine 
transaminase (ALT), alkaline phosphates (ALP), lactate dehydrogenate (LDH) and acid phosphatase (ACP) 
in different organs of fish exposed to mercury, which indicated toxic effects in the fish. A significant increase in 
the activities of AST, ALT, LDH and ALP in the liver of albino rats exposed to monocrotophous, methyl-
parathion and dimethoate administered orally for 90 days was reported by Knudsen et al. (2008) and they 
concluded that such increase indicated cellular toxicity of the various organophosphates. Also, Osuigwe et al. 
(2005) observed that the inclusion of varying levels of raw and boiled Jack bean seed meal in the diet of hybrid 
catfish for 56 days caused increased activities of ALT, AST and LDH.
In the present study, enzyme activities in the organs and tissues of the experimental fish were significantly 
different (p<0.05) in some of the treatment groups compared to the control. However, the variations 
observed in the enzyme activities across different dietary groups did not disrupt normal biochemical and 
physiological processes in the fish, as growth and survival were enhanced in the culture medium.
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According to Godwin et al. (2021), inclusion of PLM in C. gariepinus diets up to 20% level proved to 
be economically viable, with higher cost/benefit ratio compared to the control values. Hence can help 
reduce the costs of fish feed for the sustainability of the aquaculture industry.

CONCLUSION
In the present study, all the formulated diets were accepted by the experimental fish, which implied 
that the levels of inclusion of PLM did not affect the palatability of the diets. Also, inclusion of PLM in 
the formulated diets up to 20% level did not negatively alter the plasma activities of the enzymes, the 
biocatalysts. Thus, normal biochemical catalysis and physiological functions in the experimental fish 
were maintained.
It can then be concluded that PLM can be included in the diets of C. gariepinus up to 20% level for 
enhanced feed metabolism and maintenance of enzyme activities in African catfish.
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INTRODUCTION 
The growing global human population coupled with the rising living standards are factors attributed to the 
high demand for animal-derived protein sources (Béné et al., 2016). Fish is one of the main sources of 
quality protein for the human population (Little et al., 2016). However, the aquaculture industry is faced 
with the challenge of fish feeds, which represents up to 60-70% of operational costs in fish production 
(Holeh et al., 2020). Fish meal and fish oil have over the years been the main source of protein and essential 
fats in aquatic feed production (Betancor et al., 2016). This is due to the high nutritional value of fish meal, 
balanced essential amino acids profile, high essential fatty acids, and phospholipids near to requirement 
levels of most cultivated aquatic organisms (NRC, 2011; Tacon et al, 2011).
Insects have been a subject of discussion as potential replacements of fish meal in aquaculture because they 
contain relatively high protein levels with high availabilities (Veldkamp et al., 2012; Van Huis et al., 2013; 
Bosch et al., 2014). Various species of Coleoptera and Diptera, including BSF (H. illucens) (Newton et al., 
2005a), common houseflies (Musa domestica) (Awomyi, 2007) and beetles (Tenebrio molitor) (Li et al., 

ABSTRACT
A feeding study was conducted to assess the value of black soldier fly, 
Hermetia illucens larvae meal as dietary protein in the diets of African 
mud catfish, Clarias gariepinus. Black soldier fly larvae meal were used 
to replace fish meal at 0%, 25%, 50%, 75% and 100% substitution levels 
for Treatments 1 to 5. Growth trial was conducted in cylindrical plastic 
bowls for 42 days. The fishes were fed at 5% body weight twice daily. 
There were significant difference in the mean weight gain (MWG), 
specific growth rate (SGR) and food conversion ratio (FCR) and 
protein efficiency ratio (PER) (p>0.05). Mean weight gain (MWG) 
and food conversion ratio (FCR) were different from 10.03 g and 2.43 
respectively fish fed diet 3 (50%BSFLM). Also, protein efficiency ratio 
(PER) was not different from fish fed diets 1, 0%BSFLM (1.07) and 3, 
50%BSFLM (1.02) respectively. It was observed that PER decreased as 
BSFL increased in the diets. From above results, fish meal could 
therefore be replaced by black soldier fly larvae meal at 50% level 
without affecting growth and nutrient utilization in the practical diet of 
African mud catfish, C. gariepinus fingerlings. Nevertheless, complete 
replacement of black soldier fly larvae meal decreases growth rate and 
should not be used for C. gariepinus fingerlings.
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2013) that have been reared on low-grade bio-wastes have effectively converted organic wastes into high-
quality proteins. The BSF larvae appear to be superior among other insects as a potential source of protein in 
the fish feed formulations (Muin et al., 2017). This is due to its polyphagous, voracious nature and 
effectiveness in converting organic waste into high-quality nutrients (Kim et al., 2011; Veldkamp et al., 2012).
African mud catfish (Clarias gariepinus) is fish of high economic importance and preferred aquaculture 
species in Nigeria and is capable of utilizing plant materials in its diets (De Graaf and Janssen 1996, Ali 
and Jauncey 2005). Therefore, this study was carried out to evaluate black soldier fly larvae (BSFL) 
meal as a substitute for fish meal in the diets of African mud catfish (Clarias gariepinus) fingerlings.

MATERIALS AND METHODS
Experimental Site 
The experiment was carried out at the Feedmill Laboratory of Fisheries Technology Department of the 
Federal College of Freshwater Fisheries Technology, New Bussa, Niger State, Nigeria.
Experimental Fish 
One hundred and fifty (150) fingerlings of African mud catfish (Clarias gariepinus) with average 
weight of 8.17±0.01 g were obtained from the National Institute for Freshwater Fisheries Research 
(NIFFR), Hatchery Complex. The fish were acclimatized for three (3) days in the bowls during which 
they were fed on 40% crude protein feed before the commencement of the experiment.
Production of Black Soldier Fly Larvae meal 
The black soldier fly larvae meals were produced using the poultry manure  cultured   for 30 days at the 
integrated farm of the FCFFT, New Bussa, Niger State, Nigeria. The black soldier fly larvae meals 
harvested were thoroughly washed, sun-dried and ground into fine powder using domestic grinding 
machine and analyzed for proximate composition at Laboratory of JaaGee Nigeria Limited, Ibadan, 
Oyo State on dry matter basis according to standard method (AOAC, 2016). 
Experimental Diet Preparation 
The feedstuff, black soldier fly larvae meal (BSFLM) were harvested and processed. The other 
ingredients which include fish meal, soyabean meal, groundnut cake, yellow maize along with the fixed 
ingredients such as vitamin premix, vegetable oil, bone meal, methionine, lysine and salt were sourced 
locally from Jasope feeds depot, Ibadan way, New Bussa, Niger State, Nigeria. Five iso-nitrogenous 
diets were formulated to provide 40% crude protein. The fish meal was replaced with the black soldier 
fly larvae meal at 0%, 25%, 50%, 75% and 100% respectively. The various feed ingredients were 
thoroughly mixed together in a bowl. The resultant mixture was made into a dough and pelleted with 
Flat-die pelletizer (APF 150 model) of 40-60kg/hr capacity and then sun-dried for 8 hours. The diets 
were properly packed, labelled accordingly and stored in polyethylene bags at room temperature 
(37ºC). The proximate composition of the black soldier fly larvae meal and the diets (moisture 
content, crude protein, crude fat, crude fibre and total ash were determined in triplicate samples 
according to the methods of Association of Official Analytical Chemists (AOAC, 2016).
Experimental Design
Fifteen (15) cylindrical plastic bowls each measuring 25-Litres was used for this study. The 
Experimental Design consists of five (5) treatments and three replicates in a completely randomized 
design (CRD). Ten (10) fingerlings of African mud catfish (Clarias gariepinus) with average weight of 
8.17±0.01 g were stocked in each bowl. The fish were weighed using an electronic sensitive weighing 
balance (OHAS 400g model). The plastic bowls were washed, thoroughly rinsed and filled with water 
16 cm high. Each of the diets was fed to fishes in triplicate plastic bowls at 5% body weight twice per 
day between 7 – 8am and 5 – 6 pm for 42 days. Total weight of fishes in each plastic bowl was taken 
weekly to monitor growth responses and for feed adjustments.
Statistical Analysis
All data obtained from the experiment were analyzed using Statistical Package for Social Science 
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(SPSS) Version 20.0. One-way Analysis of Variances (ANOVA) and Duncan's multiple range test (Zar, 
1984) was used to compare the significant differences between diet treatment means at P<0.05.

RESULTS AND DISCUSSION
The ingredients and percentage composition of black soldier fly larvae meal-based diets are presented 
in Table 1.

Table 1: Ingredients and percentage composition of black soldier fly larvae meal-based diets 
(g/100g/DM) fed to Clarias gariepinus fingerlings for 42 days

Ingredients  Diet 1
(0%BSFLM)

Diet 2
(25%BSFLM)

Diet 3
(50%BSFLM)

Diet 4
(75%BSFLM)

Diet 5
(100%BSFLM)

BSFL meal 0.00 7.00 14.00 21.00 28.00
Fish meal 28.00 21.00 14.00 7.00 0.00
Soyabean meal 28.00 28.00 28.00 28.00 28.00
Groundnut cake 28.00 28.00 28.00 28.00 28.00
Yellow maize 8.00 8.00 8.00 8.00 8.00
Vitamin premix 2.00 2.00 2.00 2.00 2.00
Vegetable oil 2.00 2.00 2.00 2.00 2.00
Bone meal 1.50 1.50 1.50 1.50 1.50
Methionine 1.00 1.00 1.00 1.00 1.00
Lysine 1.00 1.00 1.00 1.00 1.00
Salt 0.50 0.50 0.50 0.50 0.50

Total 100.00 100.00 100.00 100.00 100.00
Remark: BSFLM = Black Soldier Fly Larvae meal

The proximate composition and energy composition of (% dry matter) of black soldier fly larvae meal 
and fish meal is presented in Table 2.

Table 2: Proximate and energy composition (% dry matter) of black soldier fly larvae meal and fish meal
Nutrients Black soldier fly larvae meal Fish meal

Moisture content (%) 9.07 8.07
Crude protein (%) 42.00 65.75
Crude fat (%) 35.00 16.01
Crude ash (%) 7.30 9.76
Crude fibre (%) 1.05 1.59
NFE (%) 14.65 6.89
GE (Kcal/100g) 628.12 551.03
ME (Kcal/100g) 541.60 434.65

NFE (Nitrogen Free Extract) = 100 – (Crude protein + Crude fat + Crude fibre + Crude ash). 
 Gross energy = Caloric value of protein 5.65, NFE 4.1 and fat 9.45 kcal/g (NRC, 1993).
Metabolizable energy = Caloric value of protein 4.0, NFE 4.0 and fat 9 kcal/g (Atwater's 
calculation as described by Foster and Smith (1997).

The percentage composition of black soldier fly larvae meal-based diets is presented in Table 3.
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Table 3: Proximate composition of black soldier fly larvae meal-based diets fed to Clarias gariepinus 
fingerlings for 42 days

Nutrients
Diet 1

(0%BSFLM)
Diet 2

(25%BSFLM)
Diet 3

(50%BSFLM)
Diet 4

(75%BSFLM)
Diet 5

(100%BSFLM)
Moisture content (%) 3.52 4.54 4.56 4.58 4.60
Crude protein (%) 39.12 39.90 40.24 39.97 38.95
Crude fat (%) 9.50 11.24 14.10 17.51 21.22
Crude ash (%) 7.68 8.34 7.56 6.35 5.21
Crude fibre (%) 3.43 5.24 6.23 5.22 4.21
NFE (%) 40.27 35.28 31.87 36.29 30.41
GE (Kcal/100g) 475.92 476.31 491.29 540.09 545.28
ME (Kcal/100g) 403.06 418.72 415.34 474.14 468.42

Values in each row having the same superscripts are not significantly difference (p>0.05)

NFE (Nitrogen Free Extract) = 100 – (Crude protein + Crude fat + Crude fibre + Crude ash). 
Gross energy = Caloric value of protein 5.65, NFE 4.1 and fat 9.45 kcal/g (NRC, 1993).
Metabolizable energy = Caloric value of protein 4.0, NFE 4.0 and fat 9 kcal/g (Atwater's calculation as 
described by Foster and Smith (1997).

The growth performance and nutrient utilization of Clarias gariepinus fingerlings fed black soldier fly 
larvae meal-based diets is presented in Table 4.

Table 4: Growth and nutrient utilization of Clarias gariepinus fed Black soldier fly larvae meal based 
diets for 42 days

Parameters Diet 1
(0%BSFLM)

Diet 2
(25%BSFLM)

Diet 3
(50%BSFLM)

Diet 4
(75%BSFLM)

Diet 5
(100%BSFLM)

Initial mean weight (g) 8.16±0.02a 8.17±0.01a 8.17±0.01a 8.17±0.01a 8.17±0.01a

Final mean weight (g) 17.87±0.02b 16.79±0.10c 18.20±0.09a 16.04±0.04d 16.03±0.06d

Mean weight gain (g) 9.71±0.13b 8.62±0.11c 10.03±0.09a 7.87±0.05d 7.86±0.06d

Specific growth rate (%/day) 1.86±0.02b 1.72±0.02c 1.91±0.01a 1.61±0.01d 1.61±0.01d

Feed intake (g) 23.24±0.52a 23.98±1.92a 24.39±0.44a 22.94±0.05a 22.84±0.05a

Food conversion ratio (FCR) 2.39±0.08b 2.79±0.26a 2.43±0.07a 2.92±0.02a 2.91±0.03a

Protein fed 9.09±0.11b 9.57±0.78ab 9.81±0.16a 9.15±0.04ab 8.90±0.02b

(PER) 
1.07±0.02a 0.90±0.08b 1.02±0.02a 0.86±0.01b 0.88±0.01b

Survival rate 95.00±5.00ab 96.67±2.89ab 100.00±0.00a 91.67±2.89b 91.67±2.89b

Total fish production (kg/m3) 1.70±0.10b 1.62±0.06a 1.82±0.01a 1.44±0.01c 1.47±0.04c

Culture period 42 42 42 42 42

Values in each row having the same superscripts are not significantly difference (p>0.05)
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The mean weekly weight pattern of Clarias gariepinus fingerlings fed fed black soldier fly larvae meal-
based diets is presented in Figure 1.
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Figure 1: Mean weight (g) of Clarias gariepinusfingerlings fed black soldier fly larvae meal based diets
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The percentage composition and energy composition of (% dry matter) of black soldier fly larvae meal 
and fish meal is presented in Table 1. The protein content of black soldier fly larvae meal is high 
(42.00%) with high fat (35.00%) and low fibre (1.05%) contents. The nitrogen free extract (NFE) is 
14.65% and the gross energy is 628.12kcal/100 g. The protein content of black soldier fly larvae meal is 
closer to that of fish meal (44.00%). The mean value of the dietary fat recorded from this study is 
within the acceptable range recommended for fish culture (Teshima and Kanazawa, 1986).
Results of the feeding trial (Table 4) showed significant variations in the mean weight gain (MWG), 
Specific growth rate (SGR), Food conversion ratio (FCR) and Protein efficiency ratio (PER) among 
the fishes fed diets supplemented with black soldier fly larvae meal at 25%, 50%, 75% and 100% 
substitution. The mean values of SGR and FCR obtained from this study was close to the mean values 
of 2.85±0.04%/day and 1.87±0.02 for SGR and FCR reported for Clarias gariepinus fed toasted 
velvet seed meal based diets (Alatise et al., 2023).     
The significant difference (P<0.05) in the growth and nutrient utilization indicates that black soldier 
fly larvae meal increased in the diets of Clarias gariepinus fingerlings, and showed that growth was 
affected by the inclusion of black soldier fly larvae meal which was used to replace fish meal at different 
inclusion level. However, the lack of significant difference between the control diet and supplemented 
diet at 50% showed that fish meal could be supplemented at this level of inclusion in the diets of C. 
gariepinus without compromising growth performance. This is agreement with similar studies by 
Obasa et al., 2013 using toasted African breadfruit (Treculia africana) seed meal as protein source in 
the diets of Clarias gariepinus fingerlings.
The high increase in the growth rate of C. gariepinus in the first two weeks of culture in this work may be 
due to the initial starvation of the fish which made them more metabolically active.  This observation was 
similar to that of Obasa and Faturoti, (2001) in juvenile Heterotis niloticus, where they recorded an 
increase in the growth of the fish as they were subjected to delay in feed administration.

CONCLUSION
This growth performance and nutrient utilization can be achieved in intensively cultured Clarias gariepinus 
fingerlings fed Diet 3, where fish meal has been replaced partially with black soldier fly larvae meal at 50% 
level of inclusion. The inclusion of this level therefore reduced cost of feed without necessarily compromising 
the growth of the fish, though black soldier fly larvae meal protein has low nutritional quality than fish meal. 
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This will in no doubt boost fish production as it leads to decrease in the cost of feeding. Though, black soldier 
fly larvae meal is not readily available, but its cultivation could be encouraged just as that of house fly larvae 
meal was done few years back and an easy method of culturing can be invented.
Based on the results of the study, it is therefore recommended that black soldier fly larvae meal of 50% 
inclusion level along with 50% inclusion level of fish meal under good feed preparation and 
management can be used in the diet of Clarias gariepinus fingerlings.
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INTRODUCTION
The ability of tilapia, Oreochromis niloticus (L.) to tolerate environmental stress, reproduce easily, grow at 
a fast rate coupled with a high market demand for the species has made it an important fish for aquaculture 
production (El-Sayed, 2006).  Tilapias are omnivorous and feed on a variety of foods ranging from 
zooplankton to fish food (Olaosebikan and Raji, 2004), and means they can use non-conventional plant 
resources such as castor bean leaf meal when it is supplied in the feed (Alatise and Ajiboye, 2023). 
Fish or any animal needs an adequate balanced diet that contains all the required necessary essential 
nutrients to have optimal growth. These nutrient requirements vary from species to species, sex, age, the 
environment where it lives, different stages of larval development, and the health status of the species. To 
have the best optimal growth and reduce pollution in the environment a thorough knowledge of the 
feeding behaviour and amount of nutrients required by the species is very essential (NRC, 2011).
Castor oil plant (Ricinus communis) belongs to the family of Euphorbiaceae and grows throughout 
tropical and sub-tropical regions of the world (Ojinnaka et al. 2013; Sousa et al. 2017).  Castor bean 
Leaf Meal (CBLM), proposed as an alternative protein source for fish feed, is rich in protein (31.48%) 

ABSTRACT
A 42-day feeding trial was conducted to evaluate the effects of castor 
oil beans (Ricinus communis) leaf meal (COBLM) on growth 
performance and survival of Oreochromis niloticus fingerlings. 
COBLM was added in the diet by replacing soyabean meal with the 
sundried castor oil beans leaf meal at the levels of 0%, 25%, 50%, 75% 
and 100% respectively. Triplicate cylindrical plastic bowls were used 
for each treatment having 10 fingerlings. These fingerlings fed at the 
rate of 5% of live wet weight. The highest mean weight gain (11.79%) 
and lowest FCR (0.99) values were noted at 25% replacing level for 
above mentioned diet showed that fish was in more healthy condition 
as compared to control (0% COBLM) and other test diets. Survival 
rates for COBLM based diet at 25% replacement level of soyabean 
meal decreased from 96.67%, 93.33% and 90.00% for diets 2, 3, 4 
and 5 respectively when compared to control diet. The next higher 
growth performance and nutrient utilization values were observed at 
50% replacement level based diet. It was concluded that the 25% 
replacement level of soyabean meal with COBLM is optimum for the 
maximum growth performance of Nile tilapia, Oreochromis 
niloticus fingerlings.
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Conventional ingredient,
Plant protein , substitution,
Nile tilapia
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of high quality, fat (1.83%), and ash (10.05%). It is also widely distributed since ancient times, and 
because of the rapidity of its establishment as a native plant. The castor plant is cited in the Bible in the 
Book of Jonah 4: 6 – 7: “And the LORD God prepared a plant and made it come up over Jonah, that it 
might be shade for his head to deliver him from his misery. So Jonah was very grateful for the plant. But 
as morning dawned the downed the next day, God prepared worm, and it so damaged the plant that it 
withered. Ricinus communis is indigenous to north-eastern tropical Africa, especially in Ethiopian 
areas below altitude (Modzelevich, 2020).. 
 The study was designed to assess the optimal replacement levels of soyabean sundried castor oil bean 
(Ricinus communis) leaf meal in the diets of Nile tilapia (Oreochromis niloticus) fingerlings.

MATERIALS AND METHODS
Experimental site 
The experiment was carried out at the Fisheries Technology Department's Fish Mill Unit of the Federal 
College of Freshwater Fisheries Technology, New Bussa, Niger State, Nigeria.
Experimental Fish 
One hundred and fifty (150) fingerlings of Nile tilapia (Oreochromis niloticus) with average weight of 
3.29±0.01 g were obtained from the College pond. The fish were acclimatized for three (3) days in the bowls 
during which they were fed on 35% crude protein feed before the commencement of the experiment.
Experimental Diet Preparation 
Castor oil beans (Ricinus communis) leaf (COBL) were harvested from the wild at perennial stream along 
MAN School, New Bussa, Niger State. Other ingredients includes soyabean meal, fish meal, groundnut 
cake, yellow maize along with the fixed ingredients such as vitamin premix, vegetable oil, bone meal, 
methionine, lysine and salt were bought locally from Jasope feeds depot, Ibadan way, New Bussa, Niger 
State, Nigeria. The castor oil beans leaves were prepared by sun drying under the room temperature at 
37ºC. Five iso-nitrogenous diets were formulated to provide 30% crude protein. The soyabean meal was 
replaced with the sundried castor oil beans leaf meal at 0%, 25%, 50%, 75% and 100% respectively. The 
various feed ingredients were thoroughly mixed together in a bowl. The resultant mixture was made into a 
dough and pelleted with Flat-die pelletizer (APF 150 model) of 40-60kg/hr capacity and then sun-dried 
for 8 hours. The diets were properly packed, labelled accordingly and stored in polyethylene bags at room 
temperature (37ºC). The proximate composition of the castor oil bean leaf meal and the diets (moisture 
content, crude protein (N x 6.25), crude fat, crude fibre and total ash were determined in triplicate 
samples at Laboratory of JaaGee Nigeria Limited, Ibadan, Oyo State on dry matter basis according to the 
methods of Association of Official Analytical Chemists (AOAC, 2016).
Experimental Design
Fifteen (15) cylindrical plastic bowls each measuring 25-Litres was used for this study. The 
Experimental Design consists of five (5) treatments and three replicates in a completely randomized 
design (CRD). Ten (10) fingerlings of Nile tilapia (Oreochromis niloticus) with average weight of 
3.29± 0.01 g were stocked in each bowl. The fish were weighed with an electronic sensitive weighing 
balance (OHAS 400g model). The plastic bowls were washed, thoroughly rinsed and filled with water 
16 cm high. Each of the diets was fed to fishes in triplicate plastic bowls at 5% body weight twice per 
day between 7 – 8am and 5 – 6 pm for 42 days. Total weight of fishes in each plastic bowl was taken 
weekly to monitor growth responses and for feed adjustments.
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RESULTS AND DISCUSSION
The Results of proximate composition of soyabean meal and Castor oil beans leaf meal (COBLM) are 
presented in Table 1.
Table 1: Proximate composition of soyabean meal castor oil beans leaf meal

Nutrients Soyabean meal Castor oil beans leaf meal

Moisture content (%) 6.00 14.50
Crude protein (%) 48.13 31.48
Crude fat (%) 23.90 1.83
Crude ash (%) 7.90 10.05
Crude fibre (%) 4.11 8.83
NFE (%) 15.96 47.81
GE (Kcal/100g) 563.23 391.17
ME (Kcal/100g) 471.46 333.84

NFE (Nitrogen Free Extract) = 100 – (Moisture content + Crude protein + Crude fat + Crude fibre 
+ Crude ash). 
Gross energy = Caloric value of protein 5.65, NFE 4.1 and fat 9.45 kcal/g (NRC, 1993).
Metabolizable energy = Caloric value of protein 4.0, NFE 4.0 and fat 9 kcal/g (Atwater's calculation as 
described by Foster and Smith (1997).
The percentage composition of sundried castor oil beans leaf meal-based diets is presented on Table 2.
Table 2: Percentage composition of experimental diets (g/100g/DM)

Ingredients Diet 1
(0%COBLM)

Diet 2
(25%COBLM)

Diet 3
(50%COBLM)

Diet 4
(75%COBLM)

Diet 5
(100%COBLM)

COBLM 0.00 4.50 9.00 13.50 18.00

Soyabean meal 18.00 13.50 9.00 4.50 0.00

Fish meal 18.05 18.05 18.05 18.05 18.05

Groundnut cake 18.05 18.05 18.05 18.05 18.05

Yellow maize 38.00 38.00 38.00 38.00 38.00

Vitamin premix 2.00 2.00 2.00 2.00 2.00

Vegetable oil 2.00 2.00 2.00 2.00 2.00

Bone meal 1.50 1.50 1.50 1.50 1.50

Methionine 1.00 1.00 1.00 1.00 1.00

Lysine 1.00 1.00 1.00 1.00 1.00

Salt 0.50 0.50 0.50 0.50 0.50

Total 100.00 100.00 100.00 100.00 100.00

COBLM: Castor oil beans leaf meal
The proximate composition of sundried castor oil beans leaf meal-based diets is presented on Table 3.

Table 3: Proximate composition of sundried castor oil beans leaf meal-based diets for 42 days

Nutrients
Diet 1

(0%COBLM)
Diet 2

(25%COBLM)
Diet 3

(50%COBLM)
Diet 4

(75%COBLM)
Diet 5

(100%COBLM)
Moisture content (%) 8.43 8.54 8.14 8.50 8.56

Crude protein (%) 32.75 32.29 32.73 31.34 30.89

Crude fat (%) 10.03 12.14 13.44 14.82 15.70

Crude ash (%) 6.64 6.41 6.20 6.08 5.89

Crude fibre (%) 5.42 5.67 5.21 6.65 6.82
NFE (%) 45.16 43.49 42.42 41.11 40.70

Values in each row having the same superscripts are not significantly difference (p>0.05)
NFE (Nitrogen Free Extract) = 100 – (Moisture content + Crude protein + Crude fat + Crude fibre 
+ Crude ash).
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Table 4: Growth and nutrient utilization of Oreochromis niloticus fed castor oil beans leaf meal-
based diets for 42 days

Parameters Diet 1
(0%COBLM)

Diet 2
(25%COBLM)

Diet 3
(50%COBLM)

Diet 4
(75%COBLM)

Diet 5
(100%COBL

M)
Initial mean weight (g) 3.29±0.01a 3.30±0.01a 3.28±0.01a 3.29±0.01a 3.29±0.01a

Final mean weight (g) 14.86±0.34a 15.09±0.12a 12.37±0.18b 9.70±0.04c 7.82±0.28d

Mean weight gain (g) 11.75±0.33a 11.79±0.12a 9.09±0.19b 6.41±0.04c 4.54±0.28d

Daily growth rate (g/day) 0.27±0.01a 0.28±0.00a 0.21±0.01b 0.15±0.00c 0.11±0.01d

Specific growth rate (%/day) 3.59±0.04ab 4.62±1.72a 3.18±0.03abc 2.57±0.01bc 2.06±0.09c

Food conversion ratio (FCR) 1.23±0.03c 0.99±0.01d 1.07±0.02d 1.42±0.01b 1.92±0.10a

2.48±0.05c 3.11±0.02a 2.85±0.05b 2.26±0.05d 1.69±0.11e

Survival rate 93.33±5.77a 96.67±5.77a 93.33±5.77a 90.00±0.00a 90.00±0.00a

Total fish production 1.36±0.04a 1.46±0.09a 1.16±0.09b 0.87±0.01c 0.70±0.03d

Culture period 42 42 42 42 42

Values in each row having the same superscripts are not significantly difference (p>0.05)
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Figure 1: Growth pattern of Oreochromis niloticus fingerlings fed castor oil beans leaf meal based diets
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Fish fed diets containing 25% castor oil beans leaf meal with 75% soyabean meal were observed to have 
the best result among the treatments, with final weight gain of 15.09 g, specific growth rate of 4.62 
%/day and daily growth rate of 0.28 g/day daily. The survival rate was also 96.67% as in the diet 2.  
Results of the feeding trial revealed that inclusion of graded levels of sundried castor oil beans leaf meal 
affected the growth patterns of the experimental fish. There was a trend of differences in growth and 
nutrient utilization parameters. The 25% COBLM ration gave the best results in terms of growth and 
survival rates. Diets with high inclusion levels (Diets 3, 4 and 5) resulted in reduced growth of 
Oreochromis niloticus fingerlings. However, castor oil beans leaf is locally available at a very low cost 
and its inclusion in animal especially fish feeds will reduce the competition for soyabean by man and 
animal, a research into effective and efficient usage in fish, livestock and poultry feeds and effective 
processing methods is recommended. The result is in line with those of other workers e.g.  Obasa et al., 
(2013) and Nawwar et al., (2017).

CONCLUSION 
This experiment concludes that soyabean meal could be replaced partially with castor oil beans leaf 
meal to reduce the cost of feed without affecting the growth rate. This study revealed that 25% castor 
oil beans leaf meal diet would be optimum for the maximum growth of Nile tilapia, Oreochromis 
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niloticus. Furthermore, plant protein leaf meal based diets are cheaper as compared to the 
conventional feeds, replacement of plant protein leaves in Nile tilapia, Oreochromis niloticus would 
also prove economically viable.

REFERENCES 
Alatise, S. P. and G. E. Ajiboye (2023). Proximate and Mineral Analysis of Castor oil beans (Ricinus communis) 

Leaf and Seed Meals.  Proceeding of the 38th Annual Conference and General Meeting of the 
Fisheries Society of Nigeria, (FISON), Bayelsa 2023 at Niger-Delta University Campus, Yenagoa, 
Bayelsa State, Nigeria. 27th  November – 1st December, 2023.

AOAC, (2016). Official methods of analysis, 18th Edn. Association of Official Analytical Chemists, 
Washington. 2015; 18.

Brett, J. R. and Grove T. D. D. (1979). Physiological energetic. In: Hoar WS, Randall DJ, Brett JR (Eds.), 
Fish Physiology. Bioenergetics and Growth, Vol. VIII. Academic Press, New York. pp. 279-352.

Duncan, D. B. (1955). Multiple range tests and multiple F – test. Biometrics, 1:1-42.
El-Sayed, A. F. M. (2006). Tilapia culture. CABI publishing, Oxfordshire fatty acid metabolism. Journal 

of nutrition, 132, 222e230.
Foster, D. N. and Smith E. J. (1997). Determination of true metabolizable energy and Caloric Density of 

food items. www.drsfostersmith.com/pic/article.cfm
Magdi, A. O., (2004). Chemical and nutrient analysis of Baobab (Adansonia digitata) Fruit and Seed protein 

solubility. Plant. Food. Hum. Nutr., 59: 29-33.
Modzelevich, (2020). Ricinus communis L., Flowers in Israel website. Herzlyia, Israel.
National Research Council (NRC). (2011). Nutrient requirements of fish and shrimp. National Academy 

Press, Washington, DC, USA. 
Nawwar,  Z. M., Izzaah S. M. A. and Seri N. A. N. (2017). Replacement of fish meal by white lead tree meal in 

the diets for juveniles of Giant River Prawn, Macrobranchium rosenbergii (De Man, 1879). 
Livestock Research for Rural Development 25 (6) 2013.

NRC- National Research Council (1993). Nutrient Requirements of fish.  National Academy Press, 
Washington DC, USA. 114.

Obasa, S. O., W. O. Alegbeleye, A. A. Akinleye, A. A. Idowu, N. A. Bamidele and A. N. Adesanya (2013). 
Replacement of maize meal by toasted African breadfruit (Treculia africana) seed meal in the diets 
of Clarias gariepinus (Burchell 1822) fingerlings. Livestock Research for Rural Development 25 
(16) 2013. 1-7pp.

Ojinnaka, M. C., Ojimelukwe, P. C., Ezeama, C. F. (2013). Changes in Enzyme Activities during the 
Fermentation of Castor Oil Bean Seeds using B. subtilis as Monoculture Starter. Afr J Food Sci 
Technol 4 (5): 122-128.

Olaosebikan, B. D. and Raji, A Dr. (2004). Field Guide to Nigeria freshwater Fishes. Second edition. 
Unilorin press, 52p. 

Sousa, N. L., Cabral, G. B., Vieira, P. M., Baldoni, A. B. and Aragão, F. J. (2017). Bio-detoxification of 
ricin in castor bean (Ricinus communis L.) seeds. Sci Rep 7 (1): 15385.

496

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

EFFECTS OF DIFFERENT PROCESSING METHODS OF SEED MEAL OF 
Cassia tora ON NUTRITIONAL COMPOSIION, PHYTOCHEMICALS, 
MINERAL COMPOSITION AND AMINO ACID ASSAY IN NORTH WEST 
NIGERIA

1 2 3Adoke , I. Y., S. A. Okunsebor , and S. U. Ibrahim

1Federal University Dutse, Jigawa State.
2Nasarawa State University Keffi, Nasarawa State
3Federal University of Technology Minna, Niger State

Correspondence Author:
yunusaadoke@gmail.com

INTRODUCTION
Legumes are flowering plants producing seeds in pods that are often cultured for food and feeds. They 
are the third largest family of flowering plants with more than 19 500 species and over 750 genera 
(Lewis et al., 2016). The nutritional composition of available legumes indicates that they are rich 
sources of carbohydrates, protein, fats, minerals, fibre, anti-oxidants and vitamins. They have 
considerable low fats and free from cholesterol but some are rich in oil such as soya bean (Karmas and 
Harris, 2012; Hayaret al., 2014a; Hayat et al., 2014b).Cassia tora seed are moderate source of protein 

ABSTRACT
The effects of different processing methods of seed meal of Cassia 
tora on nutritional and chemical composition of Cassia tora seed meal 
were investigated. The pods of the Cassia tora were collected within 
the premises of Federal University Dutse, it was then threshed and 
winnowed to obtain the seeds. The raw samples of the Cassia tora 
seeds were subjected to different processing methods which include 
toasting, soaking, autoclaving, boiling, fermenting, boiling + 
fermenting and soaking + toasting. The raw and processed seeds 
were then subjected to proximate composition, chemical and amino 
acid analysis in triplicates.The nutritional composition of the raw and 
differently processed Cassia tora seed meal revealed that the toasted 
seed meal had significantly better (P<0.05) crude protein (18.90%) 
and metabolisable energy (3393.76 kcal/kg). Likewise, the mineral 
composition (Calcium, Copper, Iron, Magnesium, Phosphorus, 
Potassium, Sodium and Zinc) of the raw and differently processed 
seed meal indicated that the toasted had significantly (P<0.05) 
higher mineral amongst most of the minerals determined. 
Furthermore, the phytochemicals analysis showed that the toasted 
seed meal had significantly (P<0.05) depleted concentration. 
Tannins, Phytate and Alkaloids with concentration of 104.42, 508.00 
and 240.60 mg/100g in the raw seed meal were significantly 
(P<0.05) degraded to 78.33, 200.04 and 119.11 mg/100g, 
respectively in the toasted seed meal of Cassia tora. In conclusion, 
the nutritional composition of the toasted seed meal of Cassia tora 
showed great potentials to be used as a fish feed ingredient.

Keywords:
Cassia tora, nutritional
composition, minerals,
processing methods
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with reasonable amino acid composition (Ingweyeet al., 2010; Ayssiwede et al., 2012; Augustine, 
2017; Augustine et al., 2018a). However, the presence of phytochemicals limits their efficient 
utilization as feed ingredients, especially in fish diets (Adebowale et al., 2005). Different processing 
techniques are required to inactivate or remove phytochemicals, thus enhancing the nutritional quality 
of legumes. Sometimes, a single processing treatment is not effective against phytochemicals, hence 
combination of two or more methods are used (Sathe et al., 1984b).This study was carried out to 
explore the effects of using different processing methods on the nutritional quality, mineral 
composition and anti-nutritional factors of Cassia tora seed meals.       

MATERIALS AND METHODS
Collection and Processing of the Cassia tora Seeds
The samples of Cassia tora pods were collected in the premises of Federal University Dutse, Jigawa 
state. The pods were removed from its shrubs. The samples were then threshed and winnowed to 
obtain the seeds.The prepared seeds were then washed with distilled water in order to remove dirt, 
residual pulp and other debris to reduce the level of contamination.
Processing of the Cassia tora Seeds
The seeds of Cassia tora were subjected to various processing methods described by Hernandez et al., 
(2010); Doss et al. (2011) and Antye, (2018):   
• Raw seeds were milled, stored in an air-tight polytene bag and labeled as raw seed meal (RSM)
• Raw seeds were soaked in water in the ratio of 1:3 for 72 hours, oven dried at 500C to constant 
weight. The seeds were then milled, labeled and stored in an air-tight polythene bag. It was labelled as 
soaked seed meal (SSM).
• Raw seeds were boiled for 30 minutes, oven dried at 500C to constant weight, then milled and 
stored in an air-tight polythene bag. It was labelled as boiled seed meal (BSM).
• Raw seeds were toasted at 700C using electric hot plate until the seeds turn brownish in colour, the 
seeds were then milled, stored in an air-tight polythene bag and labelled as toasted seed meal (TSM).
• Raw seeds were autoclaved at 1200C for 15 minutes, oven dried at 500C in an oven, milled, stored 
in an air-tight polythene bag and labeled as autoclaved seed meal (ASM). 
• Raw seeds were moistened with water, kept in a container with a cover to ferment for 7 days under 
laboratory condition, the fermented seeds were subsequently oven dried at 500C in an oven, milled, 
stored in an air-tight polythene bag and labeled as fermented seed meal (FSM). 
• Raw seeds were boiled for 30 minutes and thereafter, kept in a container with cover to ferment for 
7 days under laboratory condition, oven dried at 500C in an oven, milled, stored in an air-tight 
polythene bag and labeled as boiled fermented (BFSM).
Determination of proximate composition of Cassia tora seed meal
The raw and processed seeds meal of Cassia tora were subjected to nutritional composition, amino acid 
and chemical analysis using the method described by AOAC (2010).

           
RESULTS AND DISCUSSION
The nutritional composition of the raw and differently processed Cassia tora seed meal is as shown in 
Table 1. The crude protein (CP) is significantly higher (P<0.05) in the toasted Cassia tora seed meal 
(CTSM) with 18.90%, followed by the soaked + toasted CTSM with 18.52% CP.     The crude 
fibre (CF) of the raw CTSM was significantly (P<0.05) more than that of the differently processed 
seeds. The high crude fibre level could be attributed to the lack of substance (acid) to breakdown 
complex structure. This is followed by the soaked seed meal with CF value of 10.64%..The nitrogen 
free extract (NFE) value of the soaked seed (57.08%) was significantly higher, followed by that of the 
fermented (56.04%) and then, the raw (55.56%). The least NFE value (39.38%) was recorded in the 
toasted CTSM.
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The toasted seeds of Cassia tora had the significantly higher (3393.77 KCal/kg) metabolizable energy 
(ME) value, followed by the soaked + toasted with ME value of 3192.53 KCal/kg. The lowest ME 
value was obtained (2692.26 KCal/kg) in the raw seed.

Table 1: Nutritional composition of raw and differently processed Cassia tora seed meal

Parameters Raw and Differently Processed Seed Meal of Cassia tora SEM P-Value

T1 T2 T3 T4 T5 T6 T7 T8

CP (%) 12.48g 18.90a 13.51f 14.03e 14.29d 14.03e 16.40c 18.51b 0.46 0.001

EE (%) 3.49g 16.10a 3.42g 7.47c 5.82f 6.82e 7.06d 10.18b 0.79 0.001

Moisture (%) 7.32g 8.07d 9.82b 7.53f 9.89a 8.48c 6.53h 8.02e 0.22 0.001

CF (%) 11.62a 9.70c 10.64b 10.00d 9.55e 8.55f 7.91g 10.21c 0.22 0.001

Ash (%) 9.52a 7.69c 5.52g 5.89f 7.93b 6.06e 7.06d 5.22h 0.28 0.001

NFE (%) 55.55c 39.38g 57.08a 55.67d 52.50e 56.03b 55.03d 47.81f 1.16 0.001

ME(Kcal/kg) 2692.26h 3393.76a 2777.42g 3058.01d 2842.7

1f

3038.55e 3110.53c 3192.53b 45.26 0.001

The mineral composition of the raw and differently processed seed of Cassia tora is as shown in Table 2. 
The calcium (Ca) concentration was significantly higher (P<0.05) in the toasted seed of Cassia tora 
meal with value of 983.42 mg/100g. This is followed by that of the soaked + toasted (980.67 
mg/100g). The least Ca concentration (P<0.05) was recorded in the fermented seed. The magnesium 
concentration was least (P<0.05) in the raw seed, followed by boiled + fermented. Furthermore, the 
significantly higher concentration (P<0.05) was recorded in the toasted seed (683.39 mg/100g), and 
then followed by that of the soaked + toasted (682.87 mg/100g). 
The phosphorus concentration of 1650.43 mg/100g recorded in the toasted seed was significantly 
better (P<0.05) amongst all the processed seeds and the raw seed while the potassium concentration 
of 961.30 mg/100g found in the soaked + toasted Cassia tora seed was significantly (P<0.05) better. 
The lowest (P<0.05) of the potassium concentration (924.50 mg/100g) was obtained in the soaked 
seed. The sodium concentration of 614.71 mg/100g recorded in the toasted seed of Cassia tora was 
significantly higher (P<0.05) in comparison to the recorded concentration found in the other 
processed and raw seeds. The autoclaved seed have the significantly higher (P<0.05) concentration 
(56.19 mg/100g) of zinc. 

Table 2: Mineral composition of raw and differently processed Cassia tora seed meal

Parameters Composition of minerals (mg/100g) of raw and processed Cassia tora seed meal SEM P-

Val

T1 T2 T3 T4 T5 T6 T7 T8

Ca 851.10e 983.42a 913.56c 859.76d 823.53f 721.12h 724.80g 980.67b 19.72 0.001

Cu 900.01g 933.42a 904.60e 911.20c 908.57d 902.91f 911.12c 928.43b 2.35 0.001

Fe 215.39g 327.74a 250.55c 234.44d 221.39e 218.32f 215.06h 325.80b 9.44 0.001

Mg 610.70h 683.39a 673.49c 623.29f 657.78d 634.25e 613.22g 682.87b 5.99 0.001

P 1101.25g 1650.43a 1130.68e 1151.33d 1113.69 f 1264.59c 1097.72h 1635.88h 46.30 0.001

K 950.81e 960.57b 924.50h 957.40c 953.53d 929.41g 945.32f 961.30a 2.72 0.001

Na 573.29g 614.71a 581.74d 581.87c 577.75f 579.19e 570.21h 610.34b 3.27 0.001

Zn 51.52h 55.27b 54.50d 56.19a 52.37f 52.97e 52.12g 54.98c 0.33 0.001

Means within the same row with different superscripts differ significantly (P<0.05)
Keys: SEM = Standard error of means, T1= Raw, T2 = Toasted, T3 = Soaked,T4 = Autoclaved, T5 = 
Boiled, T6 = Fermented, T7 = Boiled + fermented, T8 =Soaked + Toasted, Ca = Calcium, Cu = 
Copper, Fe = Iron, Mg = Magnesium, P= Phosphorus, K = Potassium, Na = Sodium, Zn = Zinc
The amino acid composition of the raw seed and processed seeds of Cassia tora is shown in Table 3. The 
boiled seed had comparably higher (P<0.05) alanine concentration than the raw and the other 
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differently processed seeds of Cassia tora with value of 4.84 mg/100g. This is followed by the boiled + 
fermented with value of 4.35 mg/100g. The least value (3.10 mg/100g) of alanine concentration was 
recorded in the soaked + toasted seed. The boiled and boiled + fermented seed of Cassia tora had 
significantly higher (P<0.05) level of arginine (6.16 and 6.07 mg/100g, respectively) while the least 
value of arginine was obtained in the soaked seed. The aspartic acid level was significantly higher 
(P<0.05) in the toasted seed of Cassia tora, followed by that of the fermented with 10.40 mg/100g 
while the raw seed of Cassia tora have glutamic acid level (P<0.05) of 13.70. The level of histidine 
(2.37 mg/100g) was higher significantly (P<0.05) in the boiled + fermented seed meal of Cassia tora. 
This is followed by that of the fermented (2.27 mg/100g).
The raw, the fermented and the soaked + toasted value of isoleucine did not significantly differs 
(P>0.05). Likewise, the values were similar (P>0.05) to that of the boiled and fermented. However, the 
leucine concentration was significantly higher (P<0.05) in boiled and soaked + toasted (7.03 mg/100g) 
seed meal of Cassia tora. The significantly higher (P<0.05) value of lysine was observed in the toasted 
(4.94 mg/100g) seed meal while the significantly lower (P<0.05) value (3.56 mg/100g) was recorded in 
the soaked + toasted. The lysine concentration of the raw and the autoclaved Cassia tora seed meal have 
no significant difference (P>0.05) with values of 4.79 and 4.75 mg/100g, respectively. Methionine level 
was higher significantly (P<0.05) in the Cassia tora seed meal processed by boiling (2.13 mg/100g). The 
boiled seed meal had the highest level (P<0.05) of phenylalanine (4.71 mg/100g), followed by the boiled 
+ fermented with concentration of 4.63 mg/100g. The fermented seed meal of Cassia tora with value of 
3.55 mg/100g had significantly (P<0.05) higher level of threonine, while the tryptophan level has no 
significant difference (P>0.05) in the boiled (3.23 mg/100g) and boiled + fermented (3.18 mg/100g) 
Cassia tora seed meal. There was no significant difference (P>0.05) in the valine concentration of the raw 
(4.44 mg/100g) and the soaked (4.42 mg/100g) seed meal. The soaked + toasted  Cassia tora seed meal 
had the least level of valine (3.49 mg/100g).

Table 3: Amino acid assay (mg/100g) of raw and differently processed Cassia tora seed meal

Parameters Cassia tora SEM       P-Value

T1 T2 T3 T4 T5 T6 T7 T8

Alanine 3.31e 4.01c 3.36e 3.65d 4.84a 3.24f 4.35b 3.10g 0.12 0.001

Arginine 5.51b 5.41bc 5.17d 5.23cd 6.16a 5.40bc 6.07a 5.34cd 0.07 0.001

Aspartic acid 9.55d 10.98a 10.03c 9.30e 8.76f 10.40b 9.07e 8.40g 0.17 0.001

Cystine 1.18a 0.65d 0.93b 0.43e 0.91b 0.90b 0.81c 0.72cd 0.05 0.001

Glutamic acid 13.70e 14.81b 14.10d 15.02a 14.43c 14.51c 15.13a 12.83f 0.15 0.001

Glycine 4.00cd 4.07c 3.81e 3.95d 4.39a 3.93d 4.24b 3.60f 0.05 0.001

Histidine 2.17c 1.94e 1.95de 1.28f 2.13c 2.27b 2.37a 2.01d 0.07 0.001

Isoleucine 3.98a 2.59d 2.87bc 2.70d 2.83c 3.00a 2.99ab 3.07a 0.04 0.001

Leucine 6.17d 6.42c 5.03f 6.03e 7.03a 6.16d 6.91b 4.79g 0.16 0.001

Lysine 4.79b 4.94a 4.46c 4.75b 3.95f 4.27e 4.40d 3.56g 0.09 0.001

Methionine 1.93b 1.49e 1.90b 1.29f 2.13a 1.84c 1.58e 1.72d 0.05 0.001

Phenylalanine 4.47c 3.40e 4.02d 3.17g 4.71a 3.23f 4.63b 4.01d 0.12 0.001

Proline 2.82b 2.04e 3.00a 2.40c 2.05e 3.05a 2.21d 3.01a 0.09 0.001

Serine 3.18a 2.53f 3.00bc 3.02e 2.70e 2.96cd 2.93d 3.04b 0.04 0.001

Threonine 3.15d 3.44b 2.94e 3.02e 3.02e 3.55a 2.96e 3.35c 0.05 0.001

Tryptophan 3.02c 3.07bc 3.01c 3.03bc 3.23a 3.08bc 3.18ab 2.32d 0.06 0.001

Valine 4.44c 4.03f 4.42c 4.18e 4.54b 4.34d 4.83a 3.49g 0.08 0.001

Means within the same row with different superscripts differ significantly (P<0.05)
The phytochemical composition of the raw and differently processed seeds of Cassia tora seed meal is 
as shown in Table 4. The tannin concentration was higher significantly (P<0.05) in the raw seed 
(104.42 mg/100g) of the Cassia tora in comparison to concentration of tannin in the differently 
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processed seeds. There was significant difference (P<0.05) in the phytate concentration of the raw 
and processed seeds of Cassia tora. The raw seed had significantly higher concentration of phytate 
(808.00 mg/100g), while the least concentration amongst the processed seeds was recorded in the 
soaked + toasted seeds (194.01 mg/100g). The oxalate concentration was higher (70.05 mg/100g) 
significantly (P<0.05) in the raw seeds of Cassia tora meal, while the fermented seed had the second 
highest flavonoid concentration (75.36 mg/100g), which is significantly lower (P<0.05) than the 
concentration in the raw seed. 
Phenolics concentration of the raw Cassia tora seed meal (126.02 mg/100g) was significantly higher 
(P<0.05) in comparison to those of the differently processed seeds, while the raw seed of Cassia tora 
had significantly higher (P<0.05) concentration of alkaloids than their processed counterparts. 
Meanwhile, the least alkaloids was recorded in the soaked + toasted seed (102.29 mg/100g). Saponins 
level in the raw seed (166.77 mg/100g) was significantly higher (P<0.05) when compared to those of 
the processed seeds.
 
Table 4: Phytochemical composition (mg/100g) of raw and differently processed seed meal of Cassia tora

Parameters Raw and Differently Processed Seed Meal of Cassia tora SEM P-Value

T1 T2 T3 T4 T5 T6 T7 T8

Tannin 104.42a 78.33g 95.47c 83.85e 86.12d 98.28b 79.63f 69.52h 2.27 0.001

Phytate 508.00a 200.04g 435.47d 440.10c 260.80f 462.28b 399.37e 174.01h 25.11 0.001

0xalate 70.05a 17.80h 55.14c 60.11b 36.05g 49.33d 42.93e 38.07f 3.16 0.001

Flavanoid 98.80a 57.29e 60.00d 69.47c 48.67f 75.36b 40.17g 31.70h 4.14 0.001

Alkaloid 240.60a 119.11g 222.39b 150.92c 138.12f 149.37d 140.21e 102.29h 9.45 0.001

Phenolics 126.02a 74.50f 90.09d 93.93c 65.50h 108.76b 78.86e 70.45g 4.03 0.001

Saponin 166.77a 150.38b 121.03f 137.92d 109.32g 141.57c 103.75h 131.03e 4.11 0.001

  T1 = Raw, T2 = Toasted, T3= Soaked, T4 = Autoclaved, T5 = Boiled, T6 = Fermented, T7 = Boiled 
and Fermented and T8 = Soaked and Toasted

DISCUSSION
The recorded crude protein content of the raw Cassia tora seed meal in this study is 12.49%. The 
findings slightly corresponds with what was obtained by Adamu et al. (2013) who obtained 13.79% 
crude protein for the raw seed of Cassia tora. Furthermore, Adoke et al. (2018) reported 18.20% crude 
protein while Augustine et al. (2017) recorded 23.40% crude protein for the raw seed of Cassia tora. In 
addition, Gohl (1981) reported crude of protein of 18.20% while Augustine et al. (2014) and 
Augustine et al. (2016) reported crude protein of 21.89 and 19.60%, respectively. Meanwhile, the 
toasted Cassia tora seed meal recorded significant increase of the crude protein from 12.49% in the raw 
to 18.90% in the toasted seed. The finding in respect of nutritional composition of this study 
corroborates the results obtained by Augustine et al. 2016 and Onimisi et al. 2017. They recorded 
increase in the crude protein of the test ingredients upon subjecting them to different processing 
methods, which includes toasting. Abbas and Ahmad (2018) supports the assertion that heat 
treatment improves the nutritional value and quality of legume grains and enhance the protein quality 
of legume grains by inactivating the anti-nutrients, such as tannins, phytate, phenols to mention but 
few.  
The ether extract of the raw seed of this study (3.50%) is slightly above the value reported by Ingweye 
et al. (2010) of 2.31% and little below the ether extract value recorded by Gohl (1981) and Augustine 
et al. (2016) of 4.60% and 4.00%, respectively. However, Adamu et al. (2018) reported much higher 
ether extract value of 13.79% for the raw seed of Cassia tora. The crude fibre of 11.62% recorded in 
the raw Cassia tora seed meal of this study was above the acceptable level (=7%) for fish nutrition. 
However, the processed seed (toasted) had lower crude fibre. The crude fibre findings of this study 

501



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

corroborates the ones reported by Adoke et al. (2018), Augustine et al. (2014), Augustine et al. (2016) 
and Ingweye et al. (2010) of 13.35, 12.45, 13.80 and 10.18%, respectively. However, much lower 
crude fibre content was observed by Adamu et al. (2018) and Gohl (1981) of 7.78 and 7.40%, 
respectively. The difference in some of the proximate composition parameters for the seed of Cassia 
tora might be attributed to the variation in geographical location of the experimental site.
The amino acid content of the raw Cassia tora seed meal shows slight similarity with the values recorded 
by Augustine et al. (2017). The methionine and lysine content reported in this study were 1.93 and 4.79 
mg/100g as against the 1.30 and 3.90 mg/100g recorded by Augustine et al. (2017). Likewise, Ingweye et 
al. (2010) who worked on the nutritional evaluation of Cassia tora seed meal from Obanliku reported the 
lysine and methionine of the seed as 4.02 and 1.02 mg/100g. The values is a little below the recommended 
range for fish, which is 5.1 and 2.3 mg/100g as reported by FAO (2022). Khattab et al. (2009) reported 
that different processing treatments such as soaking, toasting, boiling, autoclaving increases the total 
essential amino acids, which corroborates the findings of this study.
The reported calcium, cupper, iron, magnesium, phosphorus, potassium, sodium and zinc in the raw 
seed of this study were 851.10, 900.01, 215.39, 610.70, 1101.25, 950.89, 573.29 and 51.52 mg/100g 
as against the values reported by Augustine et al. (2017) and Ingweye et al. (2010) of 960, 10.48, 
234.60, 640, 810, 1200, 600 and 53.12 mg/100g. Some of the minerals such as sodium, magnesium, 
zinc and copper have similar concentration. Some processing methods reported by El-Adawy (2002) 
suggests retention of mineral contents in legume seeds as against the report by Lee and Karumanithy 
(1990) that some processing methods leached down mineral contents in different legumes.
The oxalate concentration revealed in this study for raw, toasted, soaked, autoclaved, boiled, 
fermented, boiled + fermented and soaked + toasted were 70.05, 17.80, 55.22, 60.06, 36.01, 49.31, 
43.00 and 38.10 mg/100g. The percentage reduction in the concentration of oxalate in the processed 
Cassia tora seed as against the raw seeds were 74.59 and 48.50% for the toasted and autoclaved, 
respectively. This suggests decrease or degradation of oxalate upon subjecting the seed meal to 
processing as corroborated by Adoke et al. (2018) who reported oxalate concentration of 1.14, 0.88, 
0.65,0.67 and 0.64% for the raw, soaked, boiled, soaked + toasted and toasted seed meal. The 
percentage decline of oxalate content in differently processed as against the value recorded for the raw 
seed were 22.81, 42.98, 41.23 and 43.86%, respectively. In addition, this study recorded saponin 
concentration in the raw seed of 166.90 mg/100g. However, processing through toasting, soaking, 
autoclaving, boiling, fermenting, boiling + fermenting and soaking + toasting resulted to decrease in 
the concentration by 9.88, 27.50, 17.35, 34.49, 15.18, 37.77 and 21.51%. Furthermore, Abdullateef 
et al. (2016) who worked on the growth response and feed utilization of Clarias gariepinus juveniles fed 
graded levels of boiled Cassia tora seed meal as a replacement for soya bean meal observed significant 
reduction of the anti-nutritional factor, saponin by 54.17%, which is from 0.96 to 0.44 mg/100g. The 
reduction in saponin concentration as reported by Augustine (2017) agrees with the findings of this 
study. Augustine (2017) reported decline in the concentration of saponin from 2.44 to 1.17, 1.18 and 
1.31 mg/100g for the seed soaked for 6 hours, 12 hours and 24 hours, respectively.
The content of tannin recorded in this study was 104.43 mg/100g, which reduced by 25.00, 8.46, 
19.66, 17.60, 5.87, 23.87 and 33.40% upon subjecting the seeds of Cassia tora seed to different 
processing method. However, Juji et al. (2023) reported higher tannin concentration (196.56 
mg/100g) in the raw seed of Cassia tora seed meal than the value recorded in this study. Thereafter, 
upon subjecting the seeds to processing via toasting, sprouting, boiling and fermentation, the tannin 
concentration reduced by 12.90, 43.86, 49.01 and 55.73%.
Irrespective of the processing method adopted, there is an apparent decline in the concentration of 
anti-nutritional factors, which corroborates the findings of Augustine (2017), Adoke et al. (2018), 
Adamu et al. (2018) and Juji et al. (2023).
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CONCLUSION AND RECOMMENDATIONS
The nutritional composition of the toasted seed meal of Cassia tora showed great potentials as a fish 
feed ingredient, with crude protein of 18.90%, despite the strong limitations which can be attributed 
to the presence of anti-nutritional factors that hinders fish ability to absorb and assimilate nutrients 
from diets administered to them. The concentration of phytochemicals was significantly reduced 
through the application of different processing methods, but resulted in relatively good amino acid and 
is rich minerals. Processing of legumes (Cassia tora) should be encouraged to deactivate anti-nutrients 
and boost the nutritional composition of the seeds in preparation for its usage as a fish feed ingredient.
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ABSTRACT
Plants with phytochemical and antioxidant properties are promising 
and could be important sources of several therapeutics in fish culture. 
This study therefore examines the antioxidant potential of the 
extracts derived from the leaves, seeds and peels of two plants; 
Carica papaya (Pawpaw) and Annona muricata (Soursop) using 
various solvents. Antioxidant activity at different concentrations (25, 
50, 75 and 100µg/ml) from the various plant extracts were estimated 
using 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay, Ferric reducing 
power assay (FRAP), Nitricoxide assay and 2,2&#39;-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay. Totalphenol 
content (TPC) and total flavonoid content (TFC) were assessed by 
spectrophotometry while gas chromatographic flame ionization 
detector was used for the phytochemical screening of plant extracts. 
In the in-vitro studies, the antioxidant activities of the different plant 
extracts increased with increase in concentration across graded levels 
(25, 50, 75 &100µg/ml) significantly (P>0.05) except in few 
extracts. In the DPPH assay, at a concentration of 100µg/ml. The 
result revealed that soursop seed hexane extract had a significant 
(P&lt;0.05) higher scavenging power (88.16 ± 0.07%) than the 
standard control, ascorbic acid (83.78 ± 0.68%) and other extracts. 
The ferric reducing power of the brown male pawpaw leaf ethanolic 
extract, green female pawpaw leaf ethanolic extract and soursop seed 
hexane extract at 100µg/ml were significantly higher than that of the 
control (0.48 ± 0.00%) and other extracts investigated. The value of 
nitric oxide scavenging activity was highest in ascorbic acid (85.81 ± 
0.58%) at100µg/ml, while from the plant extracts, the highest nitric 
inhibition activity was the soursop seed hexane extract (82.72 ± 
0.25%) which is significantly higher than the values of other extracts. 
The ABTS scavenging assay also showed that the ascorbic acid had 
the highest percentage inhibition (86.69 ± 0.02%) at 100µg/ml 
while the soursop leaf ethanolic extract had the highest percentage 
inhibition (78.72 ± 1.88%) amongst the thirteen screened extracts at 
100µg/ml. The TPC was highest in aqueous extract of soursop peel 
ethanolic extract (46.51 ± 0.21%) and lowest in brown male 
pawpaw leaf ethanolic extract (34.32 ± 0.34%). Highest TFC value 

Keywords:
Pawpaw, Soursop,
Solvent type, Antioxidant,
Phytochemical constituents
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INTRODUCTION
Animal health is always threatened with infectious disease and other ailments, which are associated 
with human interventions such as transfer of organisms, environmental degradation, agricultural 
practices, or technology (Jones et al., 2008; Pilkkinenet et al., 2010). Antibiotics and other chemo-
theraputants are especially in intensive cultures, but the use of antibiotics has led to widespread 
appearance of resistant strains of microbes, bioaccumulation of the drug residues in the fishes which in 
turn affects man and kills aquatic organisms. 
However, several alternative methods are considered to improve the quality and sustainability of 
aquaculture production and to reduce the use of antibiotics. Of these methods, the use of medicinal 
plants with antioxidant activities is the main aim of this research work, with specific interest is the 
inedible parts of some fruits consumed by man. This will save the stress of waste accumulation after 
harvesting the fruits or herbs and reduce the risk of pollution while the use of excessive antibiotics is 
also solved.
Carica papaya is a powerhouse of nutrients and is available throughout the year.  All the nutrients of papaya 
improve cardiovascular system, protect against heart diseases, heart attacks, strokes and prevent colon 
cancer. On the other hand, Soursop is widely used as a traditional medicine for skin disease, respiratory 
disease, fever, bacterial infections, diabetes, hypertension, and cancer (Moghadamtousi et al., 2015).

This study aims at:
• Extracting bio-active compounds from the leaves, peels and seeds of the Papaya and Soursop fruit 
using distilled water, ethanol, and hexane as solvents. 
• Determining the phytochemical constituents of the extracts from the leaves, seeds and peels of 
two different plants Carica papaya (Pawpaw) and Annona muricata (Soursop)
• Determining the total phenolic and flavonoid contents of fruit extracts by carrying out a 
phytochemical screening on the plant extracts.
• Investigating the in-vitro antioxidant activities of the plant extracts using DPPH assay (2,2-
diphenylpicrylhydrazyl), ABTS assay (2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)), FRAP 
assay (ferric reducing antioxidant power), Nitric oxide scavenging activity assay. 

MATERIALS AND METHODS
Samples collection and identification
The Carica papaya and Anonna muricata were collected from various sites at the University of Lagos, 
Akoka, Lagos state, Nigeria, identified at the herbarium of the Department of Plant Biology of the 
University of Lagos.  The leaves, seeds and peels of these fruits were later air dried under shade, latter 
pulverized and were packed and labelled in airtight containers and stored in a cool place until use. 

Solvent extraction
20g of air-dried samples of each plant parts were placed in 250ml conical flask with 200ml of each 
solvents (Ifesan et al., 2009). For the hexane extraction, the finely ground sample was placed in 
thimble chamber of the Soxhlet apparatus (AOAC, 2015).

Qualitative and Quantitative Phytochemistry 
The extract obtained from the various fruit waste were analysed for the absence or presence of 

was found in unripe pawpaw seed ethanolic extract (45.64 ± 0.07%) 
and the least in aqueous extract of ripe pawpaw peel aqueous extract 
(18.79 ± 0.29%). From the investigative studies carried out on the 
plant extracts, it can be suggested that the antioxidant properties and 
phytochemical constituents of the plant extracts make them sources 
of natural antioxidant favoring their possible use in fish feed as 
nutraceutical.
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alkaloids, tannins, phlobatannins, saponins, phenols, glycosides, flavonoids, steroids and terpenoids 
using standard procedures (Harborne, 1998).

IN-VITRO ANTIOXIDANT ACTIVITIES
In vitro antioxidative potential of the various fruit waste was initially evaluated using three in vitro 
methods as earlier described by Thaipong et al., (2006). These includes 2,2- diphenyl-1- 
picrylhydrazyl (DPPH) radical scavenging assay, 2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonate) 
(ABTS) radical cation decolourization assay and Ferric reducing antioxidant power (FRAP) assay. 
Experiments were in triplicate.

Statistical analysis 
The data obtained were recorded in excel sheet and subjected to one-way analysis of variance 
(ANOVA) using IBM statistical package (SPSS version 22) to determine differences among the 
treatments and control in all parameters. Individual means were separated using Duncan multiple 
range test. All data were presented as means ± SD and were reported as significant at P<0.05.

RESULTS
Total flavonoid contents of the plant extracts
Total flavonoid contents were expressed as milligrams of Rutin equivalents. The flavonoid contents 
from the different plant materials using hexane, water or ethanol as solvent are shown in Table 1 below. 

Table 1: Total flavonoid contents (mg Rutin/g DW) of the plant extracts

Plant Extracts Hexane Water Ethanol

Unripe pawpaw peel 33.41 ± 0.60a 33.54 ± 0.73a 42.56 ± 0.18b

Ripe Pawpaw peel 33.23 ± 0.01b 18.79 ± 0.29a 40.09 ± 0.06c

Ripe pawpaw seed 30.00 ± 0.02b 27.56 ± 0.12a 34.78 ± 0.41c

Unripe pawpaw seed 41.71 ± 0.91b 31.74 ± 0.76a 45.64 ± 0.07c

Green male pawpaw leaf 38.05 ± 1.22c 27.27 ± 0.84a 34.66 ± 0.36b

Wilty male pawpaw leaf 29.47 ± 0.59a 34.69 ± 0.15b 42.77 ± 0.02c

Green female pawpaw leaf 34.37 ± 0.70ab 33.04 ± 0.34a 35.59 ± 1.75c

Wilty female pawpaw leaf 24.26 ± 0.12a 35.52 ±. 0.55b 40.43 ± 0.01c

Soursop seed 45.24 ± 0.69c 38.32 ± 0.03a 41.27 ± 0.91b

Soursop leaf 40.51 ± 0.05b 33.48 ± 0.12a 43.08 ± 0.46c

Soursop peel 33.89 ± 0.86a 38.19 ± 0.28b 40.01 ± 0.10c

Mean values ± SD values in the same column with different superscript differ significantly (P<0.05). 
DW: dry weight; mg GAE/g DW: milligram gallic acid equivalent per gram dry weight; mg Rutin/g DW: 
milligram Rutin equivalent per gram dry weight.
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Mean values ± SD values in the same column with different superscript differ significantly (P<0.05). 
DW: dry weight; mg GAE/g DW: milligram gallic acid equivalent per gram dry weight; mg Rutin/g DW: 
milligram Rutin equivalent per gram dry weight. 

Phytochemical screening; After the total phenolic and flavonoid content of the fruit extracts were 
ascertained, thirteen of the extracts which had the highest phenolic and flavonoid content in them 
were selected and then further tested for their qualitative phytochemical properties.

Table 3: Qualitative phytochemical screening of the plant extracts 

Table 2: Total phenolic contents (mg GAE/100g DW) of the plant extracts

Material Hexane Water Ethanol

Pawpaw Extracts

Unripe pawpaw peel 25.28 ± 0.02a 40.87 ± 0.38c 35.88 ± 0.39b

Ripe Pawpaw peel 42.14 ± 0.47b 38.04 ± 0.07a 43.97 ± 0.19c

Ripe pawpaw seed 45.89 ± 0.54c 40.18 ± 0.02a 42.38 ± 0.12b

Unripe pawpaw seed 38.41 ± 0.12b 33.98 ± 0.22a 38.76 ± 0.27b

Green male pawpaw leaf 45.45 ± 0.69b 41.64 ± 1.32a 44.08 ± 0.55b

Brown male pawpaw leaf 34.32 ± 0.34a 44.22 ± 0.01b 45.46 ± 0.26c

Green female pawpaw leaf 45.13 ± 0.55c 35.14 ± 0.27a 42.71 ± 0.31b

Brown female pawpaw leaf 30.96 ± 0.27a 34.52 ± 0.01b 42.20 ± 0.12c

Soursop Extracts

Soursop seed 38.61 ± 0.16a 44.30 ± 0.03c 40.07 ± 0.08b

Soursop leaf 44.83 ± 0.05c 38.45 ± 0.11a 40.44 ± 0.10b

Soursop peel 40.45 ± 0.19a 42.90 ± 0.57b 46.51 ±0.21c

Parameter Solvents
Alkal

oid
Tannin 

Phlob
atanni
n

Sapon
in 

Phenol
Reducin
g Sugar 

Steroi
d 

Cardiac 
Glycoside

Terpenoid
Flav
onoi
d

BFLE ETH ++ + + ++ + - + + + +
BMLE ETH ++ + + ++ ++ + ++ + + +

RPE ETH + + + + + ++ + + + +

URPE ETH + + + + + + - + - +

URSE ETH ++ + + ++ ++ + + + + +
GFLH HEX ++ + - + + ++ + + + +

RSW AQ + + - + + + + + + +

GMLH HEX ++ + - + + + + + + +

SLE ETH + + + + + ++ ++ ++ + +

SPE ETH + + + + ++ ++ + ++ + +

SSE ETH ++ ++ + + ++ ++ ++ + + +

SLH HEX + + + + ++ + + + + +

SSH HEX + + + + + + ++ + + +

Code: + =Present ++ = Much Present - = Absent
BFLE: Ethanol extracted female pawpaw leaf; BMLE: Ethanol extracted brown male pawpaw leaf; 
RPE: Ethanol extracted ripe pawpaw peel; URPE: Ethanol extracted unripe pawpaw peel; URSE: 
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Ethanol extracted unripe pawpaw seed; GFLH: Hexane extracted green female leaf; RSW: Aquaeous 
extracted ripe pawpaw seed; GMLH: Hexane extracted green male leaf; SLE: Ethanol extracted 
soursop leaf; SPE: Ethanol extracted soursop peel; SSE: Ethanol extracted Soursop seed; SLH: 
Hexane extracted soursop leaf; SSH: Hexane extracted soursop seed.

Quantitative phytochemical screening of the plant extracts (mg/100g)

The free radical scavenging activities of thirteen selected extracts at 25µg/ml, 50µg/ml, 75µg/ml and 
100µg/ml concentration were analyzed using ascorbic acid as the control or standard. Percentage 
inhibition, using 2,2-Diphenyl-1-picrylhydrazyl was used to define the ability of each extract to 
scavenge for free radicals.

Table 5: Free radical scavenging activities of the various selected plant extracts (DPPH Inhibition (%)
the same column indicate significant differences (P < 0.05) of different plant extracts concentrations. 
Data expressed as Mean±SD. 

Parameter Key 25µg/ml 50µg/ml 75µg/ml 100µg/ml

BFLE Brown/wilty male pawpaw 
leaf-Ethanol

47.04 ± 0.00gA 47.14 ± 0.01cB 72.87 ± 0.00dC 78.91 ± 0.01bD

BMLE Brown/wilty male pawpaw 
leaf-Hexane

45.93 ±0.01defA 47.79 ± 0.01dB 72.88 ± 0.01dC 79.16 ± 0.12bcD

GFLH Green female pawpaw leaf-
Hexane

46.60 ± 0.01fgA 46.65±0.01abB 72.83 ± 0.01dC 78.93 ± 0.01bD

GMLH Green male pawpaw leaf-
Hexane

45.30 ± 0.02dA 54.55 ± 0.06hB 74.64 ± 0.33fC 79.98 ± 0.57dD

RPE Ripe pawpaw peel-Ethanol 40.45 ± 0.56bA 47.16 ± 0.01cB 72.83 ± 0.01dC 78.28 ± 0.58aD

RSW Ripe pawpaw seed-Water 35.55 ± 1.15aA 46.72 ± 0.02bB 73.93 ± 0.78eC 79.25 ± 0.01bcD

URPE Unripe pawpaw peel-
Ethanol

46.58 ± 0.00? gA 54.60 ± 0.56hB 74.38 ± 0.06efC 85.87 ± 0.27fD

URSE
Unripe pawpaw seed

-Ethanol
45.93 ± 0.01defA 46.42 ± 0.02aB 71.92 ± 0.07cC 79.36 ± 0.01bcD

SLE Soursop leaf-Ethanol 42.52 ± 0.60cA 52.62 ± 0.06fB 66.51 ± 0.58aB 79.32 ± 0.01bcD

SLH Soursop leaf-Hexane 45.78 ±0.13deA 53. 23 ± 0.02gB 70.65 ± 0.01bC 79.32 ±0.01bcD

SSE Soursop seed-Ethanol 45.57 ± 0.02??? 50.44 ± 0.01eB 74.12 ± 0.02eC 80.27 ± 0.03dD

SSH Soursop seed-Hexane 47.08 ± 0.02gA 53.55 ± 0.00gB 74.13 ± 0.29eC 88.16 ± 0.07gD

SPE Soursop peel-Hexane 47.26 ± 0.01gA 47.30 ± 0.02cA 75.13 ± 0.02gB 79.47 ± 0.11cC

ASCA Ascorbicacid  (standard) 46.13 ± 0.33efA 61.50 ± 0.32iB 75.23 ± 0.86gC 83.78 ± 0.68eD

Ethanol (E); Water (Aqueous) (W); Hexane (H).
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Ferric reducing antioxidant activity

Across the graded levels 25µg/ml, 5µg/ml, 75µg/ml, and 100 µg/ml, it was found that the reducing 
power increased with increase in concentration of each sample. 

Table 6: Ferric reducing capacities of the tested plant extracts %Fe3+ reduction (%)

Parameter Key 25µg/ml 50µg/ml 75µg/ml 100µg/ml

BFLE Brown female pawpaw 
leaf-Ethanol

0.07 ± 0.00eA 0.19 ± 0.00eB 0.26 ± 0.00aC 0.42 ± 0.00bD

BMLE Brown/wiltymale pawpaw 
leaf -Ethanol

0.09 ± 0.00hA 0.17 ± 0.00dB 0.36 ± 0.00dC 0.53 ± 0.01dD

GFLH Green female pawpaw 
leaf-Hexane

0.08 ± 0.00fA 0.19 ± 0.00fB 0.24 ± 0.00aC 0.42 ± 0.00bD

GMLH Green male pawpaw leaf-
Hexane

0.04 ± 0.00bA 0.17 ± 0.00dB 0.35 ± 0.00dC 0.53 ± 0.00dD

RPE Ripe pawpaw peel-Ethanol 0.09 ± 0.00hA 0.17 ± 0.00dB 0.32 ± 0.00bcC 0.49 ± 0.00cD

RSW Ripe pawpaw seed-Water 0.08 ± 0.00gA 0.29 ± 0.00h? 0.26 ± 0.00aC 0.41 ± 0.01abD

URPE Unripe pawpaw peel-
Ethanol

0.04 ± 0.00aA 0.16 ± 0.00bcB 0.25 ± 0.00aC 0.41 ± 0.00abD

URSE Unripe pawpaw seed-
Ethanol

0.06 ± 0.00dA 0.16 ± 0.00bcB 0.24 ± 0.00aC 0.40 ± 0.02abD

SLE Soursop leaf-Ethanol 0.49 ± 0.00cA 0.16 ± 0.00? bB 0.24 ± 0.01aC 0.38 ± 0.00aD

SLH Soursop leaf-Hexane 0.10 ± 0.00iA 0.22 ± 0.00gB 0.33 ± 0.00bcdC 0.48 ± 0.00cD

SSE Soursop seed-Ethanol 0.04 ± 0.00aA 0.16 ± 0.01cB 0.32 ± 0.06bC 0.49 ± 0.07cD

SSH Soursop seed-Hexane 0.04 ± 0.00aA 0.16 ± 0.01abcB 0.35 ± 0.01cdC 0.53 ± 0.00dD

SPE Soursop peel-Ethanol 0.05 ± 0.00cA 0.15 ± 0.00aB 0.25 ± 0.00aC 0.38 ± 0.00aD

ASCA Ascorbic acid (standard) 0.11 ± 0.00jA 0.22 ± 0.00gB 0.34 ± 0.00bcdC 0.48 ± 0.00cD

• j: Different letters across the same row indicate significant differences (P < 0.05) of plant extracts. 
A-D: Different letters within the same column indicate significant differences (P < 0.05) of different 
plant extracts concentrations. Data expressed as Mean±SD. Ethanol (E); Water (Aqueous) (W); 
Hexane (H).
• Nitric oxide inhibitory activity
In Table 6, the ability of the extracts to inhibit NO production was higher as the concentration of the 
extracts increased. There was no significant difference(P>0.05) between the percentage inhibition of NO 
of the various extracts across graded levels; 25µg/ml (72.74 ± 7.73%), 50µg/ml (72.74 ± 7.73%), 
75µg/ml (72.74 ± 7.73%) and 100µg/ml (72.74 ± 7.73%). In descending order, the best inhibitory 
activity on NO synthesis was demonstrated by the control (Ascorbic acid) at 100µg/ml (85.81 ± 0.58%). 
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content. As the concentration of sample increase the TPC value increase too (Nguyen et al.,2020)
 From the TPC and TFC investigation, most of the extracts that had high phenolic and flavonoid 
content was extracted using ethanol as solvent followed by the hexane extracts and then the aqueous 
extracts which had the lowest values from the result. The good TPC and TFC values in all fruit extracts 
tested indicate their potentials as natural antioxidant ingredients that can contribute to quality and 
nutritional value and also provide health beneficial effects.
Phytochemical screening
The soursop peels and seeds also showed presence of phytochemicals (alkaloids, flavanoids, cardiac 
glycosides, phlobatanin, saponins, steroids, tannin, terpenoids and phenols) in correlation with the 
studies carried out by Coria-Téllez et al., (2018) and Lenny et al., (2019). Soursop extracts exhibited 
varying antioxidant activities at different concentrations as well as phytochemical properties, with 
ability to neutralize free radicals responsible for inducing oxidative stress and causing tissue damage 
(Meza-Gutiérrez et al., 2022).
The results indicated alkaloids, phenols, glycoside, quinones, saponins, flavonoids, tannins, and steroids in 
pawpaw seeds and leaves extracts, as supported by (Ogundele et al., 2017).This is an indication that the 
seeds and peels of the pawpaw contains secondary metabolites (Hayatie et al., 2015). 
In-vitro antioxdant activities
In this study, DPPH, FRAP, NITRIC OXIDE and ABTS scavenging assays were conducted to compare 
and evaluate the antioxidant properties of different parts of the pawpaw and soursop fruit. The 
reducing capacities of each of the extracts, measured by the various methods, differed significantly and 
increased across graded levels from 25-100µg/ml. The activity trends measured by the three 
scavenging assays were nearly identical, indicating that phenols and flavonoids made a significant 
contribution to the antioxidant capacity of the studied plant extracts ( Niu et al., 2020). Antioxidant 
activity should not be concluded based on a single antioxidant test model (Badarinath et al., (2010). 
Generally, in-vitro antioxidant tests using free radical traps are relatively straightforward to perform. 
Among free radical scavenging methods, DPPH method is furthermore rapid, simple (i.e., not involved 
with many steps and reagents) and inexpensive in comparison to other test models. On the other hand, 
ABTS decolorization assay is applicable for both hydrophilic and lipophilic antioxidants (Alam et al., 
2013). The DPPH assay is the most used antioxidant assay for plant extracts because this method is 
accurate, easy to perform, and economical, providing a screening of the general activity of the 
antioxidants and is based in a stable and synthetic radical, DPPH (Gonçalves et al., 2018).
Results from various antioxidants analyses, like DPPH, FRAP and ABTS were found to give 
comparative results for antioxidant activity, in this study and this is in line with the findings of Awika et 
al (2003) and Thoipong et al (2006), when they analysed various extracts from guava fruits

CONCLUSION
Conclusively, the use of waste plants parts may be cheaper and more eco-friendly because of presence of 
phytochemicals and antioxidant activities which compared relatively well with standard ascorbic acid. 
Interestingly, the broad spectrum of phytochemicals and antioxidants presents in the plant extracts can be 
regarded as the reservoir of naturally occurring diverse bioactive molecules and therefore could be 
suggested as a possible alternative to the use of more expensive antioxidant source in aquaculture.
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c a-d: Different letters across the same row indicate significant differences (P < 0.05) of plant extracts. 
A-D: Different letters within the same column indicate significant differences (P < 0.05) of 
different plant extracts concentrations. Data expressed as Mean±SD. Ethanol (E); Water 
(Aqueous) (W); Hexane (H).

DISCUSSION AND CONCLUSION
Phytochemicals have been reported to promote various activities, including antistress, growth 
promotion, appetite stimulation, tonic and immunostimulation, and antimicrobial properties in fish 
culture (Citarasu 2010).
The phytochemical screening of plants extracts in this study was conducted to compare the total 
phenolic content and total flavonoid content from the different parts of the pawpaw and soursop plant 
including their ripe and unripe peels, seeds, and the leaves. 
Solvents have different extracting capacity for phytochemicals (Manimekalai et al., 2016), these 
extracts were selected based on their antioxidant capacities when compared with the control 
(Ascorbic acid) used for the test. The trend of inhibition of DPPH radical, ferric reducing power, 
inhibition of nitric oxide radical and inhibition of ABTS radical by extracts was concentration 
dependent, and the highest values from each assay was derived by increasing the concentration of the 
extract being tested. 
Total phenolic and flavonoid contents
There is an increasing pattern that can be seen between the concentration of sample and level of total phenolic 

Table 7: Nitric oxide inhibitory activities of the tested plant extracts

Parameter Key 25µg/ml 50µg/ml 75µg/ml 100µg/ml

BFLE Brownfemale 
pawpaw leaf-Ethanol

38.12 ± 5.70bA 56.96 ± 7.97abB 66.84 ± 3.56abcC 75.78 ± 4.99abcC

BMLE Brown/wiltymale 
pawpaw leaf -Ethanol

34.11 ± 0.58abA 55.98 ± 3.10? B 71.74 ± 6.05abcC 77.68 ± 4.13abcC

GFLH Green female 
pawpaw leaf-Hexane

43.89 ± 0.25cA 65.01 ± 1.20cdB 73.35 ± 3.51abcC 82.14 ± 0.48bcD

GMLH Green male pawpaw 
leaf-Hexane

46.89 ± 0.36cA 58.58 ± 10.31abcB 64.30 ± 15.26aC 69.19 ± 19.50aA

RPE Ripe pawpaw peel-
Ethanol

34.39 ± 0.34abA 52.95 ± 0.48aB 68.30 ± 5.87abcC 75.64 ± 3.77abcD

RSW Ripe pawpaw seed-
Water

46.60 ± 0.21cA 67.49 ± 0.50?? 75.35 ± 0.23bcC 81.66 ± 0.84bcD

URPE Unripe pawpaw peel-
Ethanol

32.23 ± 0.20aA 50.59 ± 0.23aB 66.32 ± 0.26abC 76.55 ± 0.37abcD

URSE Unripe pawpaw seed-
Ethanol

46.25 ± 1.31cA 65.16 ± 1.16cdB 74.95 ± 3.21abcC 81.11 ± 1.15abcD

SLE Soursop leaf-Ethanol 37.01 ± 0.34abA 52.94 ± 0.33aB 66.60 ± 0.28abcC 78.52 ± 0.27abcD

SLH Soursop leaf-Hexane 32.85 ± 0.35aA 54.54 ± 0.42aB 65.43 ± 0.36abC 77.34 ± 0.34abcD

SSE Soursop seed-Ethanol 46.30 ± 0.67cA 66.82 ± 0.93dB 75.20 ± 0.35bcC 81.84 ± 0.28bcD

SSH Soursop seed-Hexane 44.21 ± 0.26cA 64.61 ± 0.53bcdB 77.45 ± 0.25cC 82.72 ± 0.25bcD

SPE Soursop peel-Ethanol 72.74 ± 7.73dA 72.74 ± 7.73dA 72.74 ± 7.73abcB 72.74 ± 7.73abA

ASCA Ascorbic acid 
(standard)

45.08 ± 0.36cA 57.07 ± 0.27abB 75.73 ± 0.25bcC 85.81 ± 0.58cD
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INTRODUCTION
Nile tilapia (Oreochromis niloticus) is among the most important aquaculture species, particularly in 
tropical and subtropical regions FAO (2020). The species' adaptability to different environmental 
conditions, such as low oxygen levels, resistance against harsh conditions, and easy production of 
fingerlings under captivity Gomez-Marquez et al. (2003) have contributed to its global aquaculture 
success. Nile tilapia are prolific breeders. They reach sexual maturity at about 5–6 months of age and 
reproduce multiple times a year under optimal conditions. Reproduction in Nile tilapia is largely driven 
by temperature, with breeding activities occurring in temperatures between 22°C and 30°C. Males 
construct nests for females to lay eggs, and the female incubates the fertilized eggs in her mouth 
(mouthbrooding) for protection. Studies show that environmental factors such as water quality, diet, 
and hormonal manipulation can affect reproductive performance. Each female tilapia can produce 
between 100 to 1,500 eggs per spawning, depending on her size.
Tilapia originates from the Nile Basin in Africa; The Nile tilapia is native to larger parts of Africa, except 
Maghreb and almost all of Southern Africa. It is native to the tropical West, the Lake Chad basin, and 

ABSTRACT
The reproductive performance of tilapia has been the subject of 
various tests to improve it. Despite their high prolificacy, there is 
currently no known supplement or ingredient to enhance 
reproduction in tilapia. However, honey has the potential to improve 
reproduction in animals, particularly the size of the offspring, which 
could be beneficial in aquaculture. This study investigated the effects 
of honey on certain reproductive indicators of Oreochromis niloticus 
broodstock. A total of 120 Oreochromis niloticus broodstock were 
placed in four 1.2 x 1.2 x 1.2 m deep enclosures stocked at ten fish 
per enclosure and installed in a 7 x 5 x 1.5 m deep polyethylene-lined 
fish pond. Different concentrations of honey were included in the 
enclosure at 0 (control), 1, 2, and 3 ml per 250 ml of water were 
added to a 30% crude protein powdered diet and pelletized. The 
various honey-based diets were given to the broodstock in the 
enclosures. The broodstock were fed with a honey-based diet for 30 
days at 3% of their body weight twice daily. The results indicated a 
significant increase in the gonadosomatic index, fecundity rate, egg 
size, and testicular weight in the Oreochromis niloticus fed the 2ml 
honey inclusion level. This suggests that honey has the potential to 
improve reproduction in Oreochromis niloticus, thereby increasing 
Tilapia seed production without any adverse effects.

Keywords:
Nile tilapia, Broodstock,
Honey, Improvement,
Reproduction,
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much of the Nile system (Tesfaye et al., 2020).  In Nigeria, the Nile tilapia is found in almost every 
water body including brackish waters. Nile tilapia has been introduced to over 100 countries across the 
globe for aquaculture purposes. It is now found in Asia, the Americas, and parts of Europe. 
In Arab countries, honey is considered to increase human male potency. According to Zaid et al. 
(2021), the main role of honey is to enhance fertility and treat infertility problems by acting as an 
alternative to hormone replacement therapy for protecting the vagina and uterus from atrophy, 
protecting against the toxic effects of xeno-oestrogenic agents on female reproductive functions. 
Honey has been reported to increase sperm motility and spermatogenesis in rats and subnormal 
humans (Abdul-Ghani et al., 2008; Abdelhafiz and Muhamad, 2008). Honey has beneficial effects on 
female fertility and it helps regulate reproductive hormones and protects reproductive tissues from 
damage caused by xenoestrogens (Zaid et al., 2021).
The reproductive success of Nile tilapia (Oreochromis niloticus) is crucial for its sustainability and 
productivity in aquaculture systems. However, there is limited data on the reproductive indices, such as 
the gonadosomatic index (GSI), fecundity, and egg size, especially in environments affected by fluctuating 
in the environmental as a result of climate which affects the water quality, or the aquaculture practices. 
Understanding these indices is vital for optimizing tilapia breeding programmes, ensuring stock 
sustainability, and improving production yields. Honey has been tried to control reproduction. However, 
the full potential of the honey on the reproductive indices of the fish has not been fully exploited. This 
study thus investigated the effects of honey on some reproductive indices (gonadosomatic index, egg, size, 
testicular weight, and the fecundity of the O. niloticus under semi-arid conditions.

MATERIALS AND METHODS
Study Area
The study was conducted at the Teaching and Research Fish Farm of the Department of Fisheries, 
University of Maiduguri, Borno state, Nigeria. It lies between latitude 110511 N and longitude 130051 
E. (PTN, 2015).

Preparation of Honey Solution
One liter of honey for this study was obtained from Bayisa Market in Kurmi Local Government Area, 
Taraba State, Nigeria. The honey was filtered of its comb through a nylon sieve of 0.2mm to obtain 
comb free solution. The filtered honey was kept in an airtight bottle until required.

Experimental Fish 
One hundred and twenty (120) Oreochromis niloticus broodstocks (145g; 11.5cm) were obtained 
from the Department of Fisheries, University of Maiduguri and were acclimatized in a net hapa (2 x 
1.5 x 1.2m) installed in a polyethylene-lined fish pond (7x 5 x 1.5m) for one week. During the 
acclimatization period, the brood fish were fed a diet of 30% crude protein twice daily before the 
commencement of the experiment. 

Experimental Diet
Using Pearson's square method, feed ingredients comprising of fishmeal, soybeans, maize, vitamins, 
cassava flour, and premix (table 1) were procured from a local market in Maiduguri. The soybeans were 
toasted in a locally fabricated soybean toaster (Odinga, 2012). The toasted soybean and maize were 
ground into powder separately using a grinding machine and thoroughly mixed to formulate a 30% 
crude protein diet.

515



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Experimental Design
Three honey solutions comprising 0 (control), 1, 2, and 3 ml were dissolved in 250 ml of water for each 
kilogram of the powdered 30% crude protein diet. The mixtures were thoroughly combined until the 
dough was formed. Each of the treatments was pelleted through a 2.0mm die using a flat die pelleting 
machine (Model: TOPS200C, China) separately. The different experimental diets were oven-dried at 
70°C, cooled to room temperature, and packaged in zip polyethylene bags until required. Proximate 
analysis of the pelleted experimental diets was conducted according to AOAC (2000) methods to 
confirm their nutrient composition. One hundred and twenty Oreochromis niloticus broodstock were 
stocked into four hapas (1.2m3) installed in a polyethylene-lined fish pond (7 x 5 x 1.5 m deep) at the 
rate of 10 fish per hapa in a randomized design. The honey-based diet was fed to the fish at 3% of their 
body weight twice daily for 30 days. At the end of the 30-day rearing period, the following 
reproductive indices were determined for each treatment:
Gonadosomatic and Hepatosomatic index 
Five (5) fish from each treatment were randomly collected to test the gonadosomatic index and 
hepatosomatic index (HSI) of O. niloticus gonads. The gonads and liver were removed and weighed 
using a sensitive scale. The gonadosomatic index for both males and females, as well as the 
hepatosomatic index, were calculated using the following formulas:

Fecundity
Three female fish were collected from each of the treatments, and the egg sacs were removed, 
weighed, and preserved in 4% formaldehyde. The fecundity was determined following the procedure 
described by Shoko et al. (2015). The total number of eggs in the gonad from a single fish was 
calculated by using the following formula (Shoko et al., 2015):

Table 1: Composition of the Experimental Diet 

Feed ingredients Honey inclusion levels (ml)
0.0 1.0 2.0 3.0

Fish meal 28.83 28.83 28.83 28.83
Soybean meal 28.83 28.83 28.83 28.83
Maize flour 30.34 30.34 30.34 30.34
Honey 0.0 1.0 2.0 3.0
Methionine 0.5 0.5 0.5 0.5
Lysine 0.5 0.5 0.5 0.5
Sodium chloride 0.5 0.5 0.5 0.5
Ascorbic acid 0.5 0.5 0.5 0.5
Mineral Premix 1.0 1.0 1.0 1.0
Dicalcium 1.0 1.0 1.0 1.0
Cassava Flour 8.0 8.0 8.0 8.0

Proximate Composition (%)
Crude protein 31.10 32.00 30.91 31.50
Crude fibre 4.77 4.72 4.75 4.76
Ash 12.92 12.95 12.85 12.94
Lipids 10.60 10.63 10.57 10.69
Moisture 5.16 5.60 5.73 5.68
ME 3193.130 3192.780 3192.780 3192.955

GSI(%) =
Weight of gonads

Weight of the fish
x  100

HSI(%) =
Weight of liver

Weight of the fish
x  100

F =
Wges

We

516



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Where E is the total number of eggs in a gonad, Wg is the weight of the gonad, es is the number of eggs 
in the sample, and we are the weight of eggs in the egg sample. 

Egg size, Testicle weight, and Testicle length
The testicle was weighed using a sensitive weighing scale, and its length (left and right) was measured 
with a meter rule. The egg diameter was measured using a digital Vernier caliper.

Monitoring of Water Quality Parameters
The water quality parameters were monitored and recorded weekly. Temperature was monitored using 
a mercury-in-glass thermometer, while pH and dissolved oxygen were monitored using the Hach® 
Surface Water Test Kit. 

Statistical Analysis  
Data obtained were subjected to One-way Analysis of Variance (ANOVA). Differences between the 
means were determined using Fisher's Least Significant Difference (LSD) at a 95% confidence level 
(P=0.05) with the aid of statistics 8.0.

RESULTS
Table 2 presents some reproductive indices of Oreochromis niloticus broodstock fed honey-based. The 
gonadosomatic index was significantly higher (in males 1.24 and 4.51 for females) and 654.0 eggs, 
respectively, in fish fed 2ml honey, followed by those fed 1ml honey-based diet. Fecundity was higher 
in fish fed a 2ml honey-based diet, followed by fish treated with 1ml honey-based diet, while the least 
fecundity was the group fed with 3ml honey-based diet. Significant variations (P<0.05) were observed 
between the fecundity of O. niloticus broodstock fed a 2ml honey-based diet compared to the rest of 
the treatments. 

Table 2: Some Reproductive Indices of Oreochromis niloticus Fed Honey-based diet

Parameters  Honey inclusion level ( ) SEM (p=0.05)
0 1 2 3

Gonadosomatic index male(g) 0.61 c 1.00 b 1.23 a 0.86 b 0.08 *

Gonadosomatic index female 2.54 b 4.02 a 4.51 a 3.06 b 0.24 *

Fecundity 425.33 c 516.00 b 654.00 a 423.67 c 38.07 *

Egg diameter (mm) 1.20 b 1.33 ab 1.60 a 1.20 b 0.15 *

Testes weight(g) 0.57 c 0.83 b 1.10 a 0.93 b 0.56 *

Left Testes Length (cm) 4.23 c 5.40 a 5.30 ab 5.00 b 0.17 *

Right Testes Length (cm) 4.10 c 5.10 a 5.07 a 4.70 b 0.11 *

Hepatosomatic index (g) 0.92 c 1.32 a 1.37 a 1.12 b 0.03 *

Mean in the same rows with different superscripts indicates significant differences (p < 0.05).
SEM = Standard error of means, NS = Not significant (P>0.05), *= significant (P<0.05).

The egg diameter and testes weight were better in brood fish fed a 2ml honey-based diet. There were 
significant differences (p<0.05) between the diameter compared to the control groups and those fed a 
3ml honey-based diet.  However, there were no significant variations (P>0.05) were observed between 
the testis's weight and length in fish fed with a 1ml honey-based diet compared to those fed a 2ml honey-
based diet.  Significant differences (P<0.05) exist between the hepatosomatic index of fish fed 1ml and 
2ml honey-based diet compared to the control groups and those fed 3ml  honey/kg of diet.

Water quality parameters
The water quality observed during the experiment was within the required culture range for O. 
niloticus. Temperature ranges were between 240C and 25.430C, while pH and dissolved oxygen were 
between 8 and 9.0 and 8 mg/l and 9 mg/l, respectively.
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DISCUSSION
In this study, the gonadosomatic index (GSI) for male and female fish ranged from 0.12 to 2.38 and 
from 0.19 to 2.80, respectively. This is an improvement compared to the GSI of 0.12 to 2.38 for males 
and 0.19 to 2.80 for females reported by Oso et al. (2013) in Tilapia zilli (Coptodon zilli) from the Ero 
reservoir in South West Nigeria. However, the GSI of the fish falls within the general ranges of 2% to 
10% reported by Bwanika et al. (2007) during the spawning season and the range of 1% to 3% suggested 
by Duponchelle and Panfili (1998) for non-improved Oreochromis niloticus. Duponchelle and Panfili 
(1998) also noted that males typically have smaller gonads relative to their body size compared to 
females, which is consistent with the findings of this study.
The fecundity of O. niloticus fed honey-based diets is lower than the 921 eggs found by Urbano et al. 
(2024) eggs per matured Oreochromis mossambicus collected from Laguna de Los Patos, Cumaná, 
Venezuela. The egg sizes reported in this study are lower than 1.36 to 2.04 mm and 1.32–2.20 mm 
observed by Shoko et al. (2015) in O. niloticus reared under monoculture and polyculture ponds, 
respectively, 1.00 3.00 mm reported by Gomez-Marquez et al. (2003) and 1.80–2.45 mm reported by 
Siraj et al. (1983), de Graaf et al. (1999) and Shalloof and Salama (2008). The variation in 
environmental conditions might have caused the variation. There were marked differences in the 
testes length of fish that were fed honey-based diets compared to the control in this study. The testes 
length recorded in this study is higher than the 2.50 reported in adult O. niloticus by Mair et al. (1991) 
but lower than the 16.50 and 12.70cm recorded by Muazu et al. (2020) in O. niloticus from the wild. 
These variations can be attributed to the difference in the body weight of fish.
The Hepatosomatic index in this study was significantly different for fish fed diets with honey 
compared to the control; however, those fed with 1ml and 2ml honey-based diets were not 
significantly different. These results were similar to those of Rahmi et al. (2023), who recorded HSI of 
0.55 to 2.12% in Tilapia and concluded that the result indicated a good digestive system in the fish. 
They further stated that HIS values show the metabolic state of the fish.

CONCLUSION
The current study concludes that including up to 2ml honey in the diets of Oreochromis niloticus 
improved the reproductive indices and metabolic rates of the fish without any deleterious effects on them.
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INTRODUCTION
Clarias gariepinus is nocturnal which feeds on living, as well as dead and animal matter. It is an 
omnivore but tends towards a more carnivorous diet. Over and underfeeding could be detrimental to 
the health of the fish and may cause a marked deterioration in water quality; reduced weight; poor feed 
utilization; and increased susceptibility to infection (Lawan et al., 2017).  This may also affect the 
specific growth rates and the efficiency of feed conversion as these have been observed to be directly 
related to feed ration and frequency (Dwyer et al., 2002). Therefore, it is important to be able to 
predict the most favorable feeding frequency relative to the species and size of fish. When fish are fed 
at an appropriate feeding frequency, growth and survival are expected to improve because this 
regulates their feed intake in relation to their energy demand (Ajani et al., 2011). Time of feeding and 
feeding frequency had been reported to affect feed intake and growth performance of fishes (Ali et al., 
2005).The temperature in the tropics varies from less than 10oC to over 40oC. Fish are exposed to the 
danger of hypothermia at lower temperatures and hyperthermia at higher temperatures.

MATERIALS AND METHODS: 
The experiment on the effect of temperature and feeding frequency of Clarias gariepinus was conducted 
at the National Institute for Freshwater Fisheries Research (NIFFR) at New Bussa, Niger State.  Effect of  

ABSTRACT
The effects of temperature and feeding frequency on growth 
performance and feed utilization of Clarias gariepinus was evaluated 
in the study. Fish of mean weight of 10.23±0.60g were used for the 
experiments for 56 days (8 weeks). A factorial design of complete 
randomized in triplicate was used with 15 fish per treatment. 
Temperature (t) and feeding frequency (ff) treatments (T) were 
designated as  T 1 (low temperature (15-17oC)/Once feeding daily, 
T2 ( low temperature/twice feeding dai ly,  T3 ( low 
temperature/thrice feeding daily), T4 (high temperature (25°C-
27°C)/thrice feeding daily), T5 high temp/twice feeding daily) and 
T6 (high  temp/once feeding daily The results obtained indicated 
that temperature and feeding frequency interaction of treatment 4 
has the highest growth response (43.22) while treatment 1 has the 
least growth response (26.02g). Water temperature interaction with 
feeding frequency (25°C-27°C/ thrice feeding) had positive 
influence on growth performance of SGR (2.76%/day) but low 
survival rate (67.00%). The optimum temperature  of 25oC – 27oC) 
and thrice feeding daily is thus recommended to fish farmers  

Keywords:
Frequency, temperature,
catfish, feed utilization,
survival 
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temperature and feeding frequency on Clarias gariepinus, this comprised of  6 Treatments; once, twice, 
thrice feeding at a conditioned temperature of high (25-27oC) with the aid of micro water heater and low 
(15-170C) with the aid of ice block respectively. The experiment has 6 treatments and designated as T6, 
T1 (once feeding in both high and low temperatures of the stocked bowl. T5 and T2 (Twice feeding for 
both high and low temperatures) and T4 and T3 (thrice feeding for both high and low temperatures) 3 x 2 
factorial design completely randomized in triplicate; the numbers of units in this experiment were 18.  
Periodic cleanings were carried out with physico-chemical parameters were taken bi-weekly in accordance 
with American Public Health Association (APHA, 2022). 

Biological evaluations
Evaluation of growth performance and nutrient utilization of Clarias gariepinus were determined using 
the following formulae according to Maynard et al. (1979) and Halver (2003). 

Mean weight gain (MWG)    MWG (g) = Mean Final Weight (MFW) – Mean Initial Weight (MIW)
Specific growth rate (SGR)
SGR (%) = In final weight (g) - In initial weight (g)/feeding period (day) x 100 ((Brown, 1957)
 Feed conversion ratio (FCR) 
(FCR) = Weight of feed fed (g)/weight gain (g)    (Hardy and Barrows, 2003)  
Protein efficiency ratio (PER) = Weight gain/protein consumed    (Osborne et al., 1919) 
Apparent net protein utilization (ANPU) Bender and Miller (1953), Miller and Bender (1955)
ANPU% = Carcass protein gain (g)/protein fed (g) x 100
 Survival rate 
Survival rate %  = final number of fish stock/ Initial number of fish stocked x 100

Data analysis: Data were analyzed for variation using Minitab 19.0 (Stat Soft, Inc., Oklahoma, USA). 
Differences treatments were compared by Turkey's test multiple ranges. Level of significance at 5%

RESULTS
The table below shows the effect of temperature and feeding frequency on growth response and 
nutrient utilization of Clarias gariepinus fingerlings with significant differences (p<0.05) among 
treatments. The highest mean final weight of 43.22g was recorded for Treatment 4 (43.22g), followed 
by Treatment 3 (39.20g) while the least of 26.02g was recorded for Treatment 1 (Figure 1). There is a 
significant difference (p<0.05) between the mean weight gain (MWG) of Treatments, there is a 
difference (p<0.05) significant in specific growth rate (SGR), feed conversion ratio (FCR), and 
protein efficiency ratio (PER), and apparent net protein utilization (ANPU) among all the Treatments. 
A significant difference (p<0.05) in the survival rate of the fish among all Treatments was observed . 

Table: Effect of Temperature and Feeding Frequency on Growth and Feed Utilization of Clarias gariepinus
Growth Parameters

Treatment MIW (g)    MFW (g)     MWG (g)     SGR (%/day)  FCR PER ANPU (%) SURVIVAL (%)

1 9.40±0.65 35.33±0.68b 26.02±1.56b 2.23±0.31bc 1.25±0.10ab 1.82±0.06ab  105.0±0.0cd 87.00±0.00a        

2 11.78±0.57 36.29±4.11b 26.93±0.59b 2.00±0.24c    1.50±0.04a     1.53±0.24b     94.50±4.95      71.50±12.02ab

3 11.40±0.20 43.72±4,98ab 39.20±5.04a 2.52±0.25abc 1.13±0.02bc   2.22±0.03ab 134.00±2.83bc 66.50±9.19b

4 11.21±0.60 54.36±1.51a 43.22±2.33a 2.76±0.21ab 1.09±0.01bc 2.39±0.19a 137.67±8.02ab  67.00±0.00b  

5 9.34±0.40 44.36±3.83ab 34.95±4.36ab 2.93±0.33a 0.87±0.08c 2.47±0.33ab 169.00±12.73a  57.67±4.04b

6 8.28±0.18 47.33±1.41ab 37.38±1.65a 2.98±0.10a 0.92±0.10c 2.51±0.43a 164.5±16.3ab    57.67±4.04b

Data with the same letter are not significantly different (p>0.05)
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Key: Treatment 1; Low temperature once feeding, T2- Low temperature twice feeding, T3- Low 
temperature thrice feeding, T4- High Temperature thrice feeding, T5- High temperature twice 
feeding and T6- High Temperature once feeding.  

DISCUSSION
The experiment on effects of temperature and feeding frequency indicated significant differences in 
MWG, SGR, FCR, PER, ANPU and survival rate. This is in accordance with the report of Tucker et al. 
(2006) who recorded significant influence of temperature in the growth and survival of snapper. The 
highest MWG obtained in Treatment 4 (thrice feeding frequency/25°C-27°C) manifested influence of 
feeding frequency and temperature on weight gain. This showed that good growth performance is 
obtainable with high temperature, thrice feeding frequency while the highest ANPU value (169.00%) 
was obtained in Treatment 5 (twice feeding frequency/25°C-27°C) followed by Treatment 6 (Once 
feeding frequency/25°C-27°C) indicating good nitrogen utilization in the fish (164.50%). The fish 
performance with respect to ANPU indicates that NPU will be most effective with feeding frequency 
of once and twice in high temperature, interacting with feeding frequency as in this study. 

CONCLUSION
The findings from the research revealed that temperature in the range of 25-27oC and at thrice feeding 
frequency will give the best result, with high mean weight gain of 43.22 g, SGR (2.76%/day) and 
survival rate (67.00%) rate of Clarias gariepinus fingerlings. 

RECOMMENDATION 
From the research, it can be recommended that, temperature (25oC – 27oC) at thrice feeding 
frequency should be practiced
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INTRODUCTION 
Fishmeal is the most utilized animal dietary protein ingredient in aquaculture diets because of its high 
and balanced nutrients (Hasan, 2023; Pudney et al., 2019). It is also a good source of essential fatty 
acids, digestible energy, macro and trace minerals, and vitamins, and generally acts as a feed attractant 
for most finfish species (Serra et al., 2024). However, constantly rising prices of fishmeal, which is a 
direct result of depleted wild stocks, inconsistent supply and increased demand, have been driving the 
search for substitutes for decades (Ogunji et al., 2021; Ouko et al., 2022). Plant-based protein sources 
have been explored for their potential as replacements for fish meal but are limited for their anti-
nutritional factors Serra et al., 2024; Kheto et al., 2024). Phytates decrease the availability of minerals 
and reduce protein digestion by the formation of phytic acid protein complex (Luz et al., 2024). 
Tannins have been reported to inhibit digestion, induce liver injury and lower growth performance in 
fish (Qiu et al., 2024; Xie et al., 2022). 
Moringa oleifera, commonly referred to as the "Miracle Tree," is renowned for its exceptional nutritional 
and medicinal properties, particularly its leaves, which are rich in essential nutrients. The leaves of 
Moringa are noted for their high protein content, ranging from 14.80% to 24.50%, making them a viable 
protein source for animal diets (Barman et al., 2021; Moyo et al., 2011). Moringa leaves also contain a 
substantial amount of carbohydrates (59.19% to 71.46%) and crude fibre (17.81% to 24.72%), along with 
significant levels of bioactive compounds such as phenols, flavonoids, and carotenoids, known for their 
antioxidant properties (Ju et al., 2019; Masitlha, 2024). These antioxidants help in combating oxidative 
stress, contributing to Moringa leaves' potential health benefits, which include anti-inflammatory and 
anticancer effects (Alasmari et al., 2015; Mansour et al., 2019).
To enhance the utility of Moringa as a feed ingredient, various processing methods have been explored 
like fermentation, heat, and enzymatic supplementation, which have been reported to reduce the 

ABSTRACT 
The study examined the effects of cold water soaking on the 
proximate and antinutritional compositions of Moringa oleifera 
leaves. Moringa leaves were soaked for 0 (raw), 6, 12, 18, and 24 
hours. Significant differences (p<0.05) were observed across 
treatments. Raw moringa leaves had the lowest crude protein 
(23.07%), while 12 hours of soaking gave the highest value of 
42.83%. The anti-nutritional factors of saponin, flavonoid, alkaloid, 
and phenols were reduced significantly (p<0.05). In conclusion, 
soaking moringa leaves for 12 hours provides optimal nutrient 
composition for fish feed production.

Keywords:
antinutrients, fishmeal,
alternative, fish Feedstuff  
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levels of tannins, saponins, and phytic acid (Purkait & Dutta, 2020; Suharman et al., 2022). Puspitasari 
et al. (2024) reported that fermentation using Aspergillus niger significantly decreases crude fibre and 
neutralises anti-nutritional substances, enhancing fish growth when included in their diets. Therefore, 
this research evaluated the effect of cold water soaking on the nutrient and anti-nutrient content of the 
Moringa oleifera leaves for potential use in aqua feed production. 

MATERIALS AND METHODS 
The materials used included pelleting machine, bowls, tap water, distilled water, sensitive weighing 
balance, Moringa leaves, spatula, test tubes, flasks and pipettes, digestion rack, furnace, burner, 
Markham's Distillation Apparatus, soxhlet solvent extractor and chemicals. 

Experimental Site  
This research was carried out at the laboratory of the Department of Water Resources, Aquaculture 
and Fisheries Technology, School of Agriculture and Agricultural Technology (SAAT), Federal 
University of Technology Minna, Niger State. 

Collecting and Processing of Moringa oliefera  
Moringa oleifera leaves were collected from Talba Farm in Minna, Niger State. Taxonomic keys were 
used to identify the plant. The leaves were collected and washed to remove dirt. The leaves were 
divided into four parts and soaked in cold water (room temperature 20-250C for 6 hours, 12 hours, 18 
hours and 24 hours, respectively). The treated leaves were then air-dried. The treated leaves were 
ground into fine powder and analysed for proximate composition and anti-nutritional factors. 

Proximate Composition of feedstuff
The Moisture, crude protein, crude lipid, crude fibre, and ash were analysed according to the official 
method of analytical chemists (AOAC, 2000).

Anti-Nutritional Factors Analysis 
These phytochemical compounds were analysed for saponin, tannin, alkaloid and phenol according to 
the methods of Kashyap et al., (2022) and Sultana, (2020). 

Statistical analysis:  
Data collected from the study were subjected to a one-way analysis of variance (ANOVA) using 
Minitab release version 19. The mean separation was achieved by Tukey's test at 5% significance level.

RESULTS 
The result for the proximate composition of raw moringa leaves (RMLM) and cold-water soaking 
(CWS) for varying durations (6hours-CWSM, 12hrs-CWSM, 18hrs-CWSM, 24hrs-CWSM) is 
expressed in Table 1. The crude protein content was significantly (p<0.05) highest in the 12-hour-
soaked leaves (42.83% ± 0.28) and lowest in the raw leaves (23.07% ± 0.04) and the 24-hour-soaked 
leaves (24.84% ± 0.04). Crude lipid content was highest (p<0.05) in the 24-hour-soaked leaves 
(5.70% ± 0.01) and lowest in the 6-hour-soaked leaves (2.62% ± 0.01). Crude fibre content increased 
significantly (p < 0.05) with longer soaking times, from 2.33% ± 0.15 in raw leaves to 8.67% ± 0.19 in 
the 24-hour-soaked leaves. Ash content was highest (p<0.05) in the raw leaves (9.37% ± 0.04) and 
lowest in the 18-hour-soaked leaves (4.54% ± 0.04). The moisture content was significantly different 
(p<0.05) across all treatments, with the highest in the 12-hour-soaked leaves (10.10% ± 0.01) and the 
lowest in the 18-hour-soaked leaves (6.27% ± 0.02).

525



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Table 1: Proximate Composition of Moringa oleifera Leaves Soaked in Cold Water at Different Times
Proximate (%) RMLM 6H- CWSM 12H-CWSM 18H-CWSM 24H-CWSM

Crude protein 23.07±0.04e 40.90±0.18b 42.83±0.28a 36.83±0.08c 24.84±0.04d

Crude lipid 4.85±0.5b 2.62±0.01e 4.54±0.63c 3.70±0.01d 5.70±0.01a

Crude fibre 2.33±0.15e 3.26±0.20d 4.84±0.13c 6.31±0.02b 8.67±0.19a

Ash 9.37±0.04a 7.62±0.01b 6.09±0.00c 4.54±0.04e 5.97±0.04d

Moisture content 6.74±0.05d 9.72±0.02b 10.10±0.01a 6.27±0.02e 8.07±0.04c

Mean data with different letters in the same row are significantly different (p<0.05). 
KEY: RMLM- Raw Moringa leave; 6h- CWSM= 6 Hours Cold Water Soaked Moringa; 12-CWSM= 
12 Hours Cold Water Soaked Moringa; 18-CWSM= 18 Hours Cold Water Soaking Moringa; 24-
CWSM= 24 Hours Cold Water Soaked Moringa 

Table 2 indicates the anti-nutritional compounds found in Moringa oleifera leaf meal soaked at 
different times in cold water. The saponin content was significantly high (p<0.05) in the raw (39.75 
%) and low in 24 hours cold water soaking. A similar trend was observed for flavonoids and phenols, 
respectively. The alkaloid content was significantly low (p<0.05) in treatment 4 (20.42 %) and high in 
treatment 1 (32.63 %), while treatment 1 was significantly high (p<0.05) in tannin (26.97 %) and in 
treatment 4 (14.42 %).
Table 2: Anti-nutrient Composition of Moringa oleifera Leaves Soaked in Cold Water at Various Times.

ANCs (%) RMLM 6H- CWSM 12 H-CWSM 18h-CWSM 24H-CWSM

Saponins 39.75±0.30a 35.46±0.42b 25.25±0.04c 20.31±0.03e 23.53±0.55d

Tanins 26.97±0.03a 24.74±0.25b 15.47±0.42d 14.42±0.30e 16.45±0.14c

Flavonoids 35.64±0.44a 33.30±0.04b 24.27±0.10c 22.70±0.02d 21.37±0.45e

Alkaloids 32.62±0.51a 29.29±0.17b 25.87±0.12c 20.42±0.02e 23.31±0.16d

Phenols 38.25±0.31a 35.16±0.16b 31.61±0.15c 30.64±0.02d 29.87±0.20e

Mean data with different letters in the same row are significantly different (p<0.05). 
Key:ANCs- Anti-nutritional Compounds; RMLM- Raw Moringa leave; 6h- CWSM= 6 Hours Cold 
Water Soaked Moringa ; 12-CWSM= 12 Hours Cold Water Soaked Moringa ; 18-CWSM= 18 Hours 
Cold Water Soaking Moringa ; WSM= 24 Hours Cold Water Soaked Moringa 

DISCUSSION
The results of the proximate analysis of moringa leaves soaked in cold water for different durations (6, 12, 18, 
and 24 hours) showed significant variations in their nutrient content, indicating that soaking time influences 
the nutritional profile of the leaves. This aligns with findings from other studies on moringa processing and 
preparation methods. The increased crude protein content observed in the 12-hour-soaked leaves (42.83% ± 
0.28) compared to the raw leaves (23.07% ± 0.04) suggests that soaking for intermediate durations may 
enhance protein concentration in moringa leaves. The higher protein content in the 12-hour-soaked leaves 
could be due to the partial leaching of non-proteinaceous components, thereby increasing the relative 
proportion of protein. This result is consistent with the findings of Perveen et al., (2024), who reported higher 
protein levels in fermented moringa leaves. The observed decrease in protein content with longer soaking 
times (24 hours) could result from extended exposure to water, leading to the loss of soluble proteins and 
other nutrients. (Bakwo Bassogog et al., 2022). The crude lipid content exhibited an inverse pattern, with the 
highest levels in the 24-hour-soaked leaves (5.70% ± 0.01) and the lowest in the 6-hour-soaked leaves (2.62% 
± 0.01). This could be attributed to the prolonged soaking facilitating the removal of surface-bound lipids or 
the leaching out of water-soluble lipids. Sultana, (2020) similarly reported variability in fat content based on 
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different drying conditions and ecological zones of moringa leaves.
A significant increase in crude fibre from the raw leaves (2.33% ± 0.15) to the 24-hour-soaked leaves 
(8.67% ± 0.19) indicates that longer soaking times may help release more bound fibres due to the 
breakdown of cell wall structures. This trend is comparable to the findings by Perveen et al. (2024), 
who observed an increase in fibre content in moringa leaves in lactic acid fermentation. Conversely, the 
ash content (minerals) was highest in the raw leaves (9.37% ± 0.04) and decreased significantly with 
soaking time, reaching the lowest in the 18-hour-soaked leaves (4.54% ± 0.04); this could be due to 
the leaching of water-soluble minerals. This is consistent with Gharsallah et al., (2023), who reported 
how different processing methods could influence the mineral content in moringa seeds and leaves. 
The highest moisture content in the 12-hour-soaked leaves (10.10% ± 0.01) and the lowest in the 18-
hour-soaked leaves (6.27% ± 0.02), an intermediate soaking period could have allowed for maximal 
water absorption before the leaves started losing moisture or before other metabolic processes such as 
osmotic dehydration commenced, which could explain the decrease in moisture content at 18 hours. 
Bhattarai et al., (2024) similarly found variations in moisture content among moringa leaf protein 
concentrates extracted under different conditions.
The results on anti-nutritional compounds in Moringa oleifera leaves soaked in cold water indicated a 
significant reduction in the concentrations of saponins, tannins, flavonoids, alkaloids, and phenols. This 
aligned with the study of Perveen et al., (2024), who reported a notable decrease in anti-nutritional 
compounds of saponins, tannins, alkaloids, and phenolic following lactic acid fermentation of Moringa 
oleifera leaves. Their results demonstrated that fermentation led to a 20-47% reduction in various anti-
nutritional factors, suggesting fermentation's effectiveness; this study shows that soaking in water 
diminishes these compounds, thus enhancing the nutritional value of moringa leaves. The reduction in 
anti-nutritional compounds during soaking may be attributed to their solubility in water, which 
facilitates their leaching out from the leaves over time. Gharsallah et al., (2023) noted that 
phytochemicals, including saponins, tannins, flavonoids, and phenolic compounds, are present in 
various parts of Moringa oleifera, and different processing methods, such as soaking, drying, or 
fermentation, can significantly alter their concentrations. High levels of phytochemical compounds 
can interfere with the absorption of essential nutrients, reduce protein digestibility, and exert toxic 
effects when consumed in large amounts (Chaudhary et al., 2023). Therefore, soaking in cold water 
presents a practical, low-cost method to decrease these compounds, making Moringa oleifera leaves 
safer and more beneficial for dietary use.
Nugraha et al., (2023) reported that nanosuspension extracts reduce anti-nutritional factors, as was 
observed in this study, that does not compromise the leaves' functional properties. Compared to lactic 
acid fermentation (Perveen et al., 2024) and nanosuspension formation (Nugraha et al., 2023), soaking 
in cold water offers a simpler and more accessible approach to reduce anti-nutritional factors. 
Fermentation can effectively reduce these compounds but requires controlled conditions and specific 
bacterial strains, making it less feasible for households or small-scale processing. Conversely, cold 
water soaking can be easily implemented without specialised equipment or expertise, making it a 
viable alternative for processing Moringa oleifera leaves.

CONCLUSION
The study demonstrates that cold water soaking of Moringa oleifera leaves improves the proximate 
composition and reduces anti-nutritional factors of moringa leaf meal. 
Recommendations: 12-hour soaking period is recommended to achieve a balance between maximising 
protein content and reducing anti-nutritional factors in Moringa oleifera  leaves for fish feed production
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INTRODUCTION
Aquaculture production is a major industry (FAO, 2014) and in Nigeria, it continues to grow as the 
demand for fish products increases while the supply from the wild decreases. Nutrition plays a critical 
role in intensive aquaculture due to its influence on production cost, fish growth, health and waste 
production (Gatlin, 2002). 
The importance of artificial feeding in aquaculture cannot be over-emphasized (Gabriel, et. al., 2007), 
however, the high cost of fish feed and feed ingredients have significantly affected the development of 
this sector. This can be mitigated through the use of cheaper non- conventional feed ingredients in fish 
feed production.
Watermelon (Citrullus lanatus) belonging to the family Cucurbitaceae is a common fruit in Nigeria, 

ABSTRACT
This study determined the proximate compositions and amino acid 
profile of ripe and unripe watermelon rind and seeds. The rind and the 
seeds from ripe and unripe watermelon fruits (Kaolak variety) were 
oven dried at 600C to a constant weight and milled separately as T1 
(ripe rind), T2 (unripe rind), T3 (ripe seed), T4 (unripe seed). 
Proximate composition and amino acid profile of the samples were 
done using standard methods and procedures. The results reveals that 
all proximate parameters differed significantly (P<0.05) between 
treatments. Crude protein and Ether were highest in T3 (17.95,15.42 ) 
and lowest in T2 (10.21, 4.12), respectively. The results showed that all 
the essential and non-essential amino acids tested differed significantly 
(P<0.05) between treatments. T1 recorded the highest levels of 
arginine, histidine, methionine and valine (11.65, 2.58, 1.57 and 4.36 
respectively). T3 recorded the highest levels of leucine, phenylalanine, 
threonine and tryptophan (6.43, 4.55, 3.98 and 1.17 respectively), 
while T4 had the least values for histidine, leucine, methionine, 
phenylalanine, threonine, tyrosine and valine (2.12, 4.60, 1.27, 1.52, 
1.12, 0.73 and 3.55 respectively). This study observed that the seed 
possessed higher crude protein and fat content values (both ripe and 
unripe) than the rind and that ripe materials (seed and rind) exhibited 
higher crude protein and fat contents than the unripe ones. The result 
also revealed that unripe rind had the least crude protein content while 
the unripe seed had the least score of essential amino acids and non-
essential amino acids.

Keywords:
Watermelon, rind,
seed, nutrient composition
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known for its sweet and juicy pulp (Renner et.al., 2014). The rind and the seed of this fruit are mostly 
discarded after consumption of the juicy pulp, thus constituting solid waste with its potential adverse 
implications on environmental and public health (Egbuonu, 2015). Therefore, the incorporation of 
watermelon rind and seed will not only solve this environmental waste problem, but will also provide 
cheap and readily available source of nutrients for fish nutrition, thereby lowering the cost of fish feed 
and ultimately reducing fish production cost.
This work was aimed at providing baseline information on the proximate composition and amino acid 
profiles of ripe and unripe watermelon rind and seed for the assessment of watermelon rind and seed as 
potential feedstuff.

MATERIALS AND METHODS
Collection and preparation of samples
Watermelon (Kaolak) fruits were purchased from railway market, Makurdi, Benue State. The fruits were 
brought to the nutrition lab of the department of fisheries and Aquaculture, University of Agriculture, 
Makurdi. The fruits were washed, cut open and the seeds and rind were removed. The rind and the seeds 
were weighed, oven dried at 600C to a constant weight and milled separately as T1 (ripe rind), T2 (unripe 
rind), T3 (ripe seed), T4 (unripe seed) and stored in airtight containers for further use.

Determination of proximate composition.
The moisture content was obtained by the difference between the fresh and dry weight of the samples, 
dried at 1050C to a constant weight. Protein was determined using the kjedahl method, fat by soxhlet 
method and Ash was obtained by incineration at 5500C according to the method of AOAC (2005).

Determination of Amino acid profile 
In determination of amino acids, rind and seed samples were dried to a constant weight, defatted, 
hydrolysed, evaporated and loaded unto an amino acid analyzer as given by Benitez (1989).

Data Analysis
Data was analysed using R version 4.0 (R-Core-team 2020). Descriptive statistics were obtained using 
Rmisc package in R (Hope 2013). Data was subjected to a one-way ANOVA in R (R-Core-team 2020) 
and means seperation was achieved using the Turkey HSD method implemented in Multicomp 
package (Hothorn, et.al., 2008).

RESULT AND DISCUSSION
The proximate compositions of ripe and unripe watermelon rind and seeds is shown in table 1. The 
results reveals that all parameters differed significantly (P<0.05) between treatments. Crude protein 
was highest in T3 (17.95) and lowest in T2 (10.21). Similarly, Ether extract was highest in the T3 
(15.42) and lowest in T2 (4.12). Ash content also showed statistical difference between treatments, 
ranging from 3.11 in T3 to 12.61 in T2. crude fiber ranged from 13.36 (T4) to 18.20 (T2) with 
significant differences (P<0.05) between treatments. 
Comparing between the seed and the rind, notwithstanding the stage of their ripeness, the seed 
possessed higher crude protein and ether extract values than the rind. When considering, ripening 
stage, ripening seems to affect the nutritional quality of the feed materials as ripe materials (seed and 
rind) portrayed higher crude protein and ether extract content than the unripe ones. 
Proteins are among the most important constituents of all living cells and fish are able to derive more 
metabolizable energy from the breaking down of proteins than from carbohydrates (Tacon, 1987). 
Although all the experimental materials (rind and seeds) can be properly classified as energy supplements 
due to their crude protein content of less than 20% and fiber content of less than 18% (NRC,1993), they 
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have a substantial amount of crude protein and other nutrients that can aid fish growth.
Lipids serve as an important source of dietary energy for all fish (NRC, 2011). Ether extract shows the 
fraction of crude lipid in the materials, thus a high ether extract content in the seeds predicts the use of 
watermelon seeds as oil seeds and in meeting the lipid requirement of fish. 
Ash represents the mineral elements and other inorganic residue in the material analyzed (Harris and 
Marshall, 2017), thus a higher ash content in the rind than the seeds predict a higher mineral content in 
the rind than the seeds.
This study is in line with the reports of Solomon et.al., (2023), Abdulazeez, et.al., (2020), Gav et.al., 
(2019), Zubairu,et.al.,(2018) who reported in their various works that the seeds of watermelon 
contained higher levels of crude protein and lipids than the rind.

Table 1: Proximate compositions of Ripe and Unripe watermelon Rinds and Seeds.

Treatments T1 T2 T3 T4 P-Value
Crude protein % 13.85 ± 0.04b 10.21 ± 0.20a 17.95 ± 0.56c 14.41 ± 0.40b 0.0005

Ether Extract % 4.30 ±0.10a 4.12 ± 0.03a 15.42 ± 0.13c 12.99 ± 0.10b 2.4 × 10-7

Ash % 10.87 ± 0.41b 12.61 ± 0.03c 3.11 ± 0.04a 3.13 ± 0.06a 9.77 × 10-6

Crude Fiber % 17.48 ± 0.42c 18.20 ±0.20c 15.55 ± 0.16b 13.36 ± 0.12a 0.0006
Moisture % 9.51 ± 0.09b 6.90 ± 0.09a 5.36 ± 0.10a 6.65 ± 0.60a 0.0031
NFE % 43.99 ±0.78ab 47.95 ± 0.32bc 42.60 ± 0.42a 49.46 ± 1.17c 0.0083

*Means on the same row with different superscript differ significantly (P < 0.05). 
Key: T1 = Ripe Rind; T2= Unripe Rind; T3= Ripe Seed; T4 = Unripe Seed; NFE = Nitrogen Free 
Extract

Table 2 shows the essential amino acid profile of ripe and unripe watermelon rinds and seeds. From the 
results, it was observed that all the essential amino acids differed significantly (P<0.05) between 
treatments. The results showed that T1 recorded the highest levels of arginine, histidine, methionine 
and valine (11.65, 2.58, 1.57 and 4.36 respectively). T3 recorded the highest levels of leucine, 
phenylalanine, threonine and tryptophan (6.43, 4.55, 3.98 and 1.17 respectively). T2 had the highest 
value of lysine (6.06) while T4 had the highest level of isoleucine (4.10). Table 2 also indicated that T4 
had the least values for histidine, leucine, methionine, phenylalanine, threonine, tyrosine and valine 
(2.12, 4.60, 1.27, 1.52, 1.12, 0.73 and 3.55 respectively). This result indicates that the ripe rind and 
ripe seeds recorded the highest values in 4 essential amino acids each. This result also reveals that 
unripe seed had the least score of essential amino acids with the lowest values for 7 out of the 10 
essential amino acids. This indicates that ripening may improve nutritional quality of the watermelon 
fruit, as ripe rind and seed gave better essential amino acids score than the unripe counterparts. This 
trend may vary depending on the type of fruit tested. For instance, Rajan, et.al., (2014) observed that 
unripe kundang fruit (Plum mango) possessed higher crude protein, lipid, crude fiber and essential 
amino acids contents than the ripe fruits.
The present study is similar to the work of Solomon et.al., (2023) who summized that both 
watermelon rinds and seeds are good sources of protein, fat and essential and non-amino acids. This 
result is also in line with the report of Ojogba and Uduma (2019) who concluded that watermelon 
seeds from different varieties tested, were good sources of essential and non-essential amino acids.
However, the result of this study is at variance with the reports of Egbuonu, (2015) who recorded a 
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Table 2: Essential Amino Acid Profile of Ripe and Unripe watermelon Rinds and Seeds in g/100g 
protein.

Amino Acid g/100g T1 T2 T3 T4 P-Value
Arginine 11.65 ± 0.05c 8.96 ± 0.01a 11.03 ± 0.01c 9.64 ± 0.00b 7.28 × 10-7

Histidine 2.58 ± 0.03c 2.44 ± 0.01b 2.51 ± 0.02c 2.12 ± 0.01a 0.0003
Isoleucine 3.85 ± 0.05a 3.97 ± 0.02ab 3.95 ± 0.01ab 4.10 ± 0.01b 0.0144
Leucine 5.70 ± 0.10b 4.70 ± 0.03a 6.43 ± 0.01c 4.60 ±0.01a 4.55 × 10-5

Lysine 3.58 ± 0.04a 6.06 ±0.01d 3.78 ± 0.01b 4.94 ± 0.01c 3.26 × 10-7

Methionine 1.57 ±0.02b 1.35 ± 0.01a 1.53 ± 0.01b 1.27 ± 0.01a 0.0005
Phenylalanine 4.50 ±0.02b 1.73 ± 0.04a 4.55 ± 0.15b 1.52 ±0.01a 1.61 × 10-5

Threonine 3.32 ± 0.03b 1.26 ± 0.01a 3.98 ± 0.03c 1.12 ±0.01a 1.19 × 10-7

Typtophan 1.07 ±0.01d 0.80 ± 0.01b 1.17 ± 0.03c 0.73 ±0.03a 3.10 × 10-6

Valine 4.36 ± 0.01b 3.90 ±0.01a 4.34 ±0.01b 3.55 ±0.25a 0.0272

*Means on the same row with different superscript differ significantly (P < 0.05). 
Key: T1 = Ripe Rind; T2= Unripe Rind; T3= Ripe Seed; T4 = Unripe Seed

Table 3 reveals the non-essential amino acid profile of ripe and unripe watermelon rinds and seeds. The 
results indicates that all non-essential amino acids varied significantly between treatments. Proline, 
cystine, glutamic acid, serine and aspartic acid were highest in T3 (3.26, 1.42, 17.80, 3.78 and 8.96 
respectively). T2 had the highest levels of alanine and glycine (6.25 and 5.74 respectively) while T1 
gave the highest value of tyrosine (3.90).
T4 gave the the least values of proline, tyrosine, cystine, glutamic acid and serine (1.02, 2.60, 0.86, 
13.94 and 2.02 respectively).
The results reveals that most (5 out of 8) of the non essential amino acids were highest in the ripe seeds 
and lowest in the unripe seeds. 

Table 3: Non-Essential Amino Acid Profile of Ripe and Unripe watermelon Rinds and Seeds in 
g/100g protein.

Amino Acid g/100g T1 T2 T3 T4 P-Value
Proline 3.03 ± 0.02c 1.14  ± 0.01b 3.26 ± 0.00d 1.02 ± 0.00a 4.65 × 10-8

Tyrosine 3.90 ± 0.01d 2.76 ± 0.01b 3.75 ± 0.03c 2.60 ± 0.03a 3.15 × 10-6

Cystine 1.23 ± 0.01b 0.86 ± 0.01a 1.42 ± 0.03c 0.86 ± 0.01a 6.17 × 10-5

Alanine 4.30 ± 0.10a 6.25 ± 0.05c 4.75 ± 0.05b 5.93 ± 0.01c 6.30 × 10-5

Glutamic acid 16.79 ± 0.02c 14.64 ± 0.01b 17.80 ± 0.01d 13.94 ± 0.00a 1.49 × 10-8

Glycine 3.20 ± 0.01a 5.74 ± 0.01d 3.72 ± 0.01b 5.54 ± 0.00c 2.61 × 10-8

Serine 3.40 ± 0.10b 3.23 ± 0.01b 3.78 ± 0.00c 2.02 ± 0.01a 6.55 × 10-5

Aspartic acid 7.70 ± 0.01c 5.56 ± 0.01a 8.96 ± 0.03d 6.58 ± 0.0b 8.55 × 10-8

Figure 1 shows the proximate compositions of the Ripe and Unripe watermelon Rinds and Seeds in 
comparison to that of Maize meal. The graph reveals that all the watermelon rind and seed tested, had 
better crude protein, lipid, ash and crude fibre than maize meal. 

Figures 2 and 3 show the essential and non-essential amino acids of the Ripe and Unripe watermelon 
Rinds and Seeds in comparison to that of Maize meal respectively. The result reveals that all the 
watermelon samples had higher values of arginine, isoleucine and lysine than maizemeal and 
comparable values of histidine, isoleucine, methionine and tryptophan with maizemeal.
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Figure 1: Graphical comparison between the proximate compositions of Maize meal (Heuzé et.al., 
2017) and Ripe and Unripe watermelon Rinds and Seeds

Figure 2: Graphical comparison between the Essential Amino Acids of Maize meal (Heuzé et.al., 
2017) and Ripe and Unripe watermelon Rinds and Seeds

Figure 3: Graphical comparison between the Non-Essential Amino Acids of Maize meal (Heuzé et.al., 
2017) and Ripe and Unripe watermelon Rinds and Seeds

CONCLUSION
All the feed materials under study (unripe and ripe seeds and rinds) can be properly classified as energy 
supplements due to their crude protein content of less than 20% and fiber content of less than 18%. 
This study concludes that although all the 4 tested feed materials are viable sources of nutrients, ripe 
rinds and ripe seeds are recommended for best results in feed formulation and production. This 
recommendation is however subject to further investigations including, determination of anti-
nutritional factors and feeding trials to ascertain the acceptability and digestibility of the feedstuff.
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INTRODUCTION 
Global fish consumption has increased in recent years. While 88% of global fish output is consumed by 
man, 44% of these fishes are consumed in fresh or frozen form (Umer et al., 2022). High consumption 
rate of fish could be due to its easy accessibility and affordability (Adeyeye et al., 2015). Ayeloja 
(2019), reported that fish is an important food in the world today due to its high-quality protein, 
presence of polyunsaturated fatty acids, vitamins, minerals, fats, and it is highly digestible. Despite the 
usefulness of fish, it is a highly perishable food product, its quality deteriorates rapidly during handling 
and storage thereby limiting the shelf life of the product (Sallam, 2007). Fish freshness is lost shortly 
after death due to autolytic and microbial spoilage (Ayeloja et al., 2020; Dehghani et al., 2018). In 
tropical regions, conservation of fresh fish remains a problem because of the lack of adequate 
infrastructures environmental and climatic conditions that contribute to its spoilage within few hours 
(Anihouvi et al., 2012). To prevent fish spoilage and reduce postharvest losses, various preservation 
methods including: frying, fermentation, drying, salting, and smoking are used (Ayeloja et al., 2021; 
Ikutegbe and Sikoki, 2014). Salting as a means of fish preservation is gaining more popularity in recent 
times due to lack of social amenities such stable electricity in many developing countries (Alsaban et 
al., 2014). Thorarinsdottir et al. (2011), on the other hand define salting as a traditional method that 
uses osmotic pressure to cause cell rupture of bacteria in order to inhibit or kill pathogenic and spoilage 
bacteria.  It is used to maintain food quality and prolong the shelf-life of food, such as fish that are 
difficult to preserve and easily spoilt. Giuffrida et al. (2017), also stated that salting is one of the oldest, 

ABSTRACT
Effect of pickle curing on Heteroclarias during ambient storage was 
studied. Muscle pH, conductivity, fish weight and microbiological 
quality changes that occured during pickle curing when stored at 
ambient temperature (27+3°C) were assessed. Samples of fish were 
collected on Day 15, 29, 43, 57, 71 and day 84.  The conductivity of 
pickle cured Heteroclarias increased significantly (p<0.05) within 
the first 28 days of storage after which an irregular pattern was 
observed while no significant change (P>0.05) was observed in the 
average weight of the fish for 84 days. However, the microbial quality 
of the pickle cured fish showed that it was good for human 
consumption throughout the period of storage (84 days). Pickle 
curing method of fish preservation is therefore recommended for 
elongation of the shelf-life of fish, especially in communities where 
steady electricity supply is a challenge.

Keywords:
Fish preservation,
Pickle curing, Heteroclarias,
Ambient storage
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most frequently used preservative; and fish preservation method used worldwide. The technique 
impact positively on fish taste, it is less costly and it requires little technical knowhow. However, there 
is dearth of information on the use of pickle curing method of fish preservation in elongating the shelf 
life of heteroclarias which is one the fish that is mostly cultured in the study area thus the need for this 
study which is aimed at providing baseline information on the effect of pickle curing on fish stored at 
ambient temperatures.

MATERIALS AND METHODS
Sample collection
Thirteen (13) samples of Heteroclarias were collected by dragging with a drag net from an earthen 
pond at Asa-Dam Road, Ilorin, Kwara State Nigeria. The samples were then conveyed using sterile 
polythene nylon to the Faculty of Agriculture Central Laboratory, University of Ilorin, Ilorin Kwara 
state within 48 minutes. 
At the laboratory, the fish were gutted by opening the belly and remove the intestine and washed under 
running water after which the initial microbial load of the samples were assessed for the microbial 
analysis carried out includes Total viable count, Total fungal count, Total coliform count, Total 
mesophilic count, Total psychrophilic count following standard experimental procedures as described 
by Olutiola et al. (1991); Fawole and Osho (1995). Thereafter, Pickle curing (wet salting) method of 
fish preservation was done by collecting 7 litres of clean water which was put in a clean plastic 
container, after which 13 heteroclarias were put in the water. Thereafter, a muslin cloth containing 7kg 
of salt (making 1:1 water to salt) which allows free flow of water to create an isotonic solution of a high 
salt-water concentrate was inserted; the salt dissolved till saturation in the container was done while 
the remaining salt remain in the muslin clothe till the end of the experiment. The fish was kept in this 
state at ambient temperatures (27+3 oC) throughout the period of this study (84 days).
Sample Collection: 
Samples were collected at every fortnight (0, 14, 28, 42, 56, 70 and 84 days) for 84 days for 
physicochemical (pH, conductivity and average weight) and microbiological quality changes (Total 
volatile count (TVC), Total mesophilic bacteria count (TMBC), Total psychrophilic bacteria count 
(TPBC), Total coliform count (TCC) and Total fungal count (TFC). 
Statistical Analysis
Microbiological data obtained were logarithmically transformed (log cfu/g) and then subjected to 
Analysis of Variance (ANOVA) while means of the significantly different indices were separated using 
Duncan Multiple Range Test (DMRT) at p < 0.05.

RESULTS AND DISCUSSION

Fig 1:   pH of pickle curing 
(wet salting) on Heteroclarias 
during ambient storage 
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The pH of wet salted fish (Fig. 1) did not follow a regular pattern. similar result was observed by Binici and 
Kaya (2018), who reported that there was no regular increase or decrease in the pH measurements of chub 
(Squalius cephalus) when brine and dry salting methods of preservation were adopted. The pH range 
observed in this study (5.6 - 7.0) is similar to that reported by Al-Asous and Al-Harbi (2016) who reported a 
pH range of 5.6 to 6.2 for salted fish that was stored at ambient temperature. pH value is used as an indicator of 
degree of freshness or spoilage of a fish. In the case of a fresh fish, the pH is close to neutral, while it decreases 
as the level lactic acid formation increases due to the conversion of glycogen present in the fish muscle into 
lactic acid in the absence of oxygen (fish muscle enzymes are responsible for these activities).

 Fig 2:   Conductivity (Ec) of pickle cured (wet salting)  Heteroclarias during ambient storage
The study also indicated that the conductivity of pickle cured heteroclarias increased significantly 
(p<0.05) within the first 28 days of storage (Fig. 2) after which an irregular pattern was observed. The 
initial increase in the conductivity could be as a result of the absorption of salt molecule by the fish flesh 
during the early stage of wet salting preservation, this is in line with the opinion of Wiroonsri et al. (2022) 
who opined that there is correlation between increase in salt content and electrical conductivity of fish. Shi 
et al. (2014) also stated that the electrical conductivity of food will change as the ionic concentration and 
ionic properties of the food changes. Therefore, the higher the ionic concentration of the fish muscle, the 
higher the conductivity value that will be observed on the fish muscle. 

Fig 3:   Average Weight (g) of wet- salted Heteroclarias during ambient storage
 No significant change (P>0.05) was observed in the average weight of the fish throughout the period 
of this study
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Table 1: Effect of pickle curing on the microbiological quality of Heteroclarias during ambient storage 

Microbial load Day 1 Day 14 Day 28 Day 42 Day 56 Day 70 Day 84

TVC (log Cfu/g) 2.739±0.06g 3.504±0.04f 3.845±0.02e 3.973±0.01d 4.900±0.02c 4.978±0.01b 6.035±0.03a

TMBC (log Cfu/g) ND 3.016±0.09d 3.078±0.05d 3.484±0.03c 4.657±0.03b 4.707±0.02b 5.505±0.02a

TPBC (log Cfu/g) ND 2.753±0.21d 2.827±0.18d 3.311±0.05c 4.462±0.12b 4.562±0.09b 5.332±0.01a

TCC (log Cfu/g) ND 2.628±0.21d 2.724±0.17d 3.188±0.06c 4.385±0.09b 4.467±0.07b 5.175±0.04a

TFC (log Cfu/g) ND ND ND ND ND ND ND

Values with different superscript in the row indicates significant difference at P<0.05
TVC Total volatile count
TMBCTotal mesophilic bacteria count
TPBC Total psychrophilic bacteria count
TCC Total coliform count
TFC Total fungal count
ND No detection

Log Logarithm The Total volatile count (TVC) recorded in pickle cured Heteroclarias (Table 1) ranged 
between 2.739±0.06 - 6.035±0.03 log cfu/g during the period of storage while the total mesophilic 
bacteria count (TMBC) ranged between  3.016±0.09 and 5.505± 0.02 log cfu/g . The microbial load 
increased significantly (P < 0.05) as the period of storage increases in line with the observation of 
Ayeloja et al. (2011) on fresh Clarias gariepinus kept unpreserved at ambient temperatures but the 
result of microbial load observed in this study  exceeded the maximum recommended bacterial counts 
for marginally acceptable products which is 107 (7log10 Cfu/g) according to the International 
Commission on Microbiology Safety for Foods, ICMSF, (1986). This indicate that wet salting (pickle 
curing) is effective to keep fish quality for longer time, similar opinion was expressed by Tsai et al. 
(2022) who reported that treating fish fillet with brine salting is capable of reducing microbial load on 
the fish immediately due to the ability of brine to release bacteria attached to the surface of fish flesh, 
wet salting also bacteriostatic and bactericidal effects on fish fillet. The microbial load observed on 
pickle cured fish in this study is similar to that observed by other scientist that worked on wet salting 
preservation of fish such as Gassem  (2019)  as well as Binici and Kaya (2018). 

CONCLUSION
This study established that pickle curing method of fish preservation have bactericidal and 
bacteriostatic effect on fish microorganisms as the microbial load is still within recommended value for 
marginally acceptable products by International Commission on Microbiology Safety for Foods, 
ICMSF. The salting method employed in this study keep the fish quality to still be wholesome for 
human consumption up till the last day of storage under dry salting condition (84th day). Pickle curing 
method of fish preservation is therefore recommended to elongate fish shelf life in villages and other 
environments that lack steady electricity supply without it having any significant effect (P>0.05) on 
the fish weight.
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INTRODUCTION
The demand for fish and its products has consistently increased during the recent years since fish 
protein is a major animal protein consumed in many parts of the world. Fish is a very perishable product 
and processing is therefore necessary to assure safety and prolonged shelf life of fish (Blackwell, 2014). 
Though perishable, fish is an important food stuff, especially in the developing countries, due to its 
high protein content and nutritional value of unsaturated fatty acids and affordability by the masses 
when compared with beef, poultry, pork and egg (FAO, 2016).

ABSTRACT
The study on the organoleptic assessment and microbial load of 
Clarias gariepinus smoked using three heat sources (gas, firewood 
and charcoal) was carried out for three (3) months. The smoking 
process was carried out at the fish processing unit of the Department 
of Aquaculture and Fisheries Management, Faculty of Agriculture, 
Shabu-Lafia Campus, Nasarawa State University, Keffi. Twenty 
seven kilogram (27kg) of Clarias gariepinus were used for the 3 heat 
sources each consisting of nine kilogram (9kg) fish with three (3) 
replicates (making 3kg fish per replicate. 5 hedonic scale were used to 
rate the quality of the fish product with a decision mean between 
2.95 and above 3.0. Data obtained were subjected to Descriptive 
Statistics (mean, median, mode, frequency and percentage). The 
result of the study revealed that mean values of organoleptic 
parameters were above the decision mean value for taste (3.68), 
flavor (3.75), skin color (3.65), texture (3.66) and appearance 
(3.64). Fish smoked using Gas and Charcoal sources of heat  yielded 
the best in terms of overall appearances. Microbial analysis showed 
Gas-smoked fish had the least microbial load and could be effectively 
used to achieve smoked fish product. The study recommend that 
Charcoal Smoking Kiln (CSK) and Gas Smoking Kiln (GSK) should 
be used as the method of smoking fish. Also, more research should be 
conducted to ascertain the proximate composition of fish product 
using the same heat sources.

Keywords:
Gas, Firewood,
Charcoal, Organoleptic,
Clarias gariepinus.
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Fish  undergoes spoilage as soon as it is harvested. Once spoilage sets in, the odor/flavor, texture, color 
and chemical composition changes (Omoruyi et al., 2016). One-third of fish produced worldwide was 
estimated to be wasted (Affognon et al., 2015). To prevent economic losses, the processing and 
preservation of the fish is of critical importance.
Fish smoking is one of the oldest methods of preservation, giving a characteristic flavour and colour to 
the product and increasing its shelf life (Blackwell, 2014). Fish smoking originated naturally along the 
coastal fishing communities, with the aim of preserving the catch for a longer period (Omoruyi et al., 
2016). It is a very popular processing method in Africa and other continents where smoked fish is a 
delicacy (Ayofemi and Adeyeye, 2018. Fish smoking combines the effects of drying, salting and 
heating. It has received great attention because of its acceptance among consumers. The acceptance of  
smoked fish is based primarily on the sensory characteristics and its impact on the fish (Ghaly et al., 
2020). Fishermen usually subject their fish to smoking rather than selling it fresh because it generates 
more income (Magawata and Musa, 2015). Fish smoking plays a pivotal role in terms of reducing post-
harvest losses, employment creation, poverty alleviation, food security, income generation, and foreign 
exchange earnings as well as improving the fisheries sector of a country's economy (Olagbemide, 2015; 
Asiedu et al., 2018). Smoking is frequently employed to address this concern. Smoking improves 
organoleptic characteristics, induces water loss, and reduces the microbial load of food (fish) due to 
heat and the presence of bactericidal and aromatic substances (Chakroborty and Chakraborty, 2017). 
The objective of this study is to assess organoleptic and microbial load of smoked Clarias gariepinus 
using three different heat sources (gas, firewood and charcoal).

MATERIALS AND METHOD
Study Area
The experiment was conducted at the Fish Processing unit of the Experimental Fish Farm of the 
Department of Aquaculture and Fisheries Management, Faculty of Agriculture, Nasarawa State 
University Keffi, Shabu- Lafia Campus. Lafia is situated at latitude 8° 35IN, longitude 8° 32IE, 181.53 
m above sea level, with an average temperature of 34°C, relative humidity ranging from 40 to 86%, and 
9 to 12 hours of daylight on a typical day (NIMET, 2011).
Smoking Procedure
To attain a consistent level of dryness, smoking was done using red-hot charcoal for 12 hours, firewood 
for 24 hours, and gas for 9 hours. The fish were smoked, allowed to cool, and then wrapped in 
polythene bags labelled A, B, and C, according to the order in which they were handled.
Sensory (Organoleptic) Assessment
Samples from the smoked fish products were exposed to a sensory evaluation. A panel of one fifty (50) 
assessors, comprising both University Staff and Students. Questionnaire were administered to the 
panels, and scoring took place every two weeks. To lessen bias, the samples were blind coded. 
Organoleptic parameters assessed include flavor, skin colour, appearance, texture and taste. A 5 
hedonic scale ranging from Like extremely, Like moderately, Like very much, Like slightly, Neither like 
nor dislike, were adopted for each quality parameter. The mean decision value was calculated using 
5+4+3+2+1 = 15/5 = 3.0 at 5% and  the range determined below 2.95 was considered not 
important, mean above 2.95 was considered important while mean value above  3.0 and above was 
considered very important.  
Bacteria Load
The number of bacteria present were counted using the  spread plate method. Fish homogenate dilutions 
containing ten grams of sample were mixed with ninety milliliters of saline water, spread out on plate count of 
12ml agar, and incubated for 24-48 hours at 37°C. The colonies counted for total plate counts were expressed 
as Colony Forming Units per gram (CFU/g), bearing in mind the factors of dilution (Maturin and Peeler, 
2001). The manufacturer's instructions were followed for preparing each medium utilized for microbiological 
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examination. Isolation and identification of Staphyloccus aureus using plate count agar (PCA) were carried 
out by the method described by Gutierrez et al. (2012) and Bacillus subtilis according to AOAC (2010) 
method. Escherichia coli were  isolated using MacConkey agar medium. Colonies with pinkish red growth 
having a metallic sheen or reflection confirmed the presence of E. coli (AOAC 2010).
Fungal Load
Fungi isolation was done using Rose Bengal Chloramphenicol (RBC) agar..  25 grams of the sample was 
weighed into  225 millilitres of 0.1% peptone water and homogenized,  0.1 milliliters of the suitable 
dilutions,  were spread out over the medium's surface and incubated for 5 days at room temperature 
(28±1°C) (Immaculate et al., 2013).
Data Analysis
Data collected on the shelf-life and organoleptic characteristics of smoked fish were subjected to 
descriptive statistics (mean, median, mode, frequency, and percentage) and one way ANOVA using 
SPSS statistical tool, version 20.0.

RESULTS AND DISCUSSION

GSK = Gas Smoking Kiln, CSK = Charcoal Smoking Kiln, FSK = Firewood Smoking Kiln
Figure 1: Decision mean of Clarias garipinus on flavor assessed from three heat sources

GSK = Gas Smoking Kiln, CSK = Charcoal Smoking Kiln, FSK = Firewood Smoking Kiln
Figure 2: Decision mean of Clarias garipinus on taste assessed from three heat sources

GSK = Gas Smoking Kiln, CSK = Charcoal Smoking Kiln, FSK = Firewood Smoking Kiln
Figure 3: Decision mean of Clarias garipinus on texture assessed from three heat sources

GSK = Gas Smoking Kiln, CSK = Charcoal Smoking Kiln, FSK = Firewood Smoking Kiln         
Figure 4: Decision mean of Clarias garipinus on appearance assessed from three heat sources
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Organoleptic Assessment of Clarias gariepinus Smoked-Dried using Three Heat Sources
The results of organoleptic assessment showed that fish smoked using gas smoking kiln is more 
preferred than charcoal and firewood smoking kilns in terms of flavor, taste, texture, appearance, and 
skin color, while on the overall acceptability, people rated the gas smoking kiln the best over charcoal 
and firewood smoking kilns, and during this period, organoleptic parameters were above the range 
value used for judgment by the panelists. This study agrees with the results of Giullén and Manzanos 
(2022) who reported mean scores of sensory qualities of smoked Clarias gariepinus above average.
Concerning color and appearance, fish smoked dried using charcoal gives a golden brown color and that 
of firewood produced a dark brown color, while those of gas smoking kiln gives pale brown color. This 
observation disagree with that of Umar et al. (2018) who attributed brown color to fish product 
smoked using firewood while dark brown color to fish smoked using melon briquettes. The reason for 
dark and brown color produced during smoking of fish could be attributed to the report of Nahid et al. 
(2016) who stated that fish color can be affected by interaction of carbonyls with amino components 
on the flesh surface and also as a result of phenolic and hemicellulose compounds produced from 
smoke of incomplete combustion of carbon. Consumers often evaluate quality of products by its color 
and appearance and color serve as an indication as to how food is well cooked (Umar et al., 2018). 
On the texture of fish, the study revealed that fish smoked using gas smoking kiln were better than 
those smoked using charcoal and firewood and this observation could be attributed to the amount of 

GSK = Gas Smoking Kiln, CSK = Charcoal Smoking Kiln, FSK = Firewood Smoking Kiln             
Figure 5: Decision mean of Clarias garipinus on skin colour assessed from three heat sources

Figure 7: Percentage Bacterial count of Clarias gariepinus stored for three (3) Months using different 
heat sources

Figure 8: Percentage fungal count of Clarias gariepinus stored for three (3) months using different heat 
sources
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heat supplied during smoking process. Rahman,( 2017) stated that shrinking of myofibrillar protein of 
fish muscles as a result of heat leads to firmer and harder texture. It was observed in the study that heat 
produced in the charcoal and firewood smoking kiln tempered with the fish flesh texture but those 
produced in gas smoking kiln maintain their texture throughout the smoking hours. Taste which is 
considered as important factor for consumers' acceptance of smoked fish was ranked the best in fish 
smoked using gas smoking kiln and the result disagree with the assertion of Toldra, (2020) who stated 
that smoke from firewood produced during pyrolysis consist of compounds that adds flavor and 
improve taste of fish products. In the case of overall acceptability, fish smoked using gas smoking kiln 
was ranked 1st throughout the period of study and more of consumers' preferences were  towards gas 
smoking due to its palatability, tender flesh and  uniform heat distribution during smoking. 
Microbial Load of Clarias gariepinus Smoked Using Three Sources of Heat
Result of microbial load revealed that the highest total viable (Bacteria) count was observed in month 3 
(9.7 x 105) for firewood treated fish and the least was observed in month 1 with the mean count (8.6 X 
105) which disagree with the study of Nahid et al. (2016) who stated that The low level of pathogen 
including S. aureus from the study of the smoked catfish may be due to the presence of low moisture 
content in the smoked catfish. For fungal count, the maximum count was also observed in month 3 (4.4 
x 103) while the least fungal count was observed in month 1 (3.2 x103). However, Adeyeye et al. 
(2015) stated that the occurrence of Escherichia coli may serve as the presence of indicator organisms 
for faecal contamination of foods which precipitates from non-adherence to good management 
practices (GMPs). Furthermore the highest viable (bacteria) mean count was observed in charcoal 
treated fish with the mean value (6.3 x105) while least bacteria mean count is also observed in month 1 
(5.1 x105). The same trend was observed in fungal count with the highest fungal count (2.7 X103) and 
the lowest fungal account observed (2.0 x 103) in month 1. The result from gas treated fish showed 
that the highest mean viable (bacterial) count observed in month 3 (2.4 X104) and the least bacterial 
count also observed in month 1 (1.8 x 104) and the fungal count observed, the highest mean observed 
in month 3 (2.1 x102) and the least is also observed in month 1 (1.5 x10 2).

CONCLUSION
This study has revealed the presence of bacteria and fungi in the three samples under study. High 
population of bacteria was recorded more on fish sample smoked with firewood with Staphylococcus 
spp found most. Also, fungal loads were higher in smoked fish with charcoal heat source having Yeast 
most. The result of the study also showed that mean values of organoleptic parameters (flavour, taste, 
texture, colour and appearance) were above the decision mean value.
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INTRODUCTION
Dried fish occupies a central position in Nigeria's culinary traditions, being highly esteemed for its 
significant contribution to the local diet as a rich source of protein and essential nutrients (Ojedokun 
and Akinyode, 2023). Fish has long been a staple food, and the practice of drying fish has served as a 
traditional preservaktion method for centuries. The drying process allows fish to be stored for 
extended periods without the need for refrigeration, making it a convenient food choice in areas where 
reliable electricity and refrigeration facilities are limited (Okafor, 2017). However, the storage and 
preservation of dried fish can be challenging due to potential infestations by arthropods.  Arthropods, 
such as cigarette beetles (Lasioderma serricorne), flour beetles (Tribolium spp.), drugstore beetles 
(Stegobium paniceum), Indian meal moths (Plodia interpunctella), Mediterranean flour moths 
(Ephestia kuehniella), rice weevils (Sitophilus oryzae), granary weevils (Sitophilus granarius), fish 
mites (Lepidoglyphus destructor), grain mites (Acarus siro), silverfish (Lepisma saccharina).
Infestations by arthropods can occur during processing, transportation, and storage, resulting in 
physical damage to the product and potential contamination with excrement, body parts, and 
microorganisms, posing risks to consumers health (Obasi and Danladi, 2023). Traditional methods of 

ABSTRACT
 This study investigates the efficacy of three plants extract (neem, 
moringa   and garlic) in controlling arthropod   pests in dried Bonga 
Shad.  In the experimental setup, each   plant extracts consists of five 
concentrations in triplicate of (20g/ml, 40g/ml, 60g/ml, 80g/ml, 
100g/ml.. After the application of plant extracts, the experiment 
yielded significant results, showing a substantial reduction in pest 
infestation across treatment groups. The results revealed a significant 
positive correlation (P<0.05) between the concentration of plant 
extracts and percentage efficacy in all treatment groups. The dose 
dependent analysis revealed a distinctive relationship between 
concentration and effect, identifying optimal concentrations of 
31.54g/ml, 65.08g/ml and 75.48g/ml for neem, moringa and garlic 
respectively.  Notably, Neem demonstrated the highest efficacy, 
resulting in 31.58% to 100% mortality across concentrations, 
surpassing Moringa and Garlic, which exhibited mean mortalities of 
50.09±9.93%, and 71.04±10.91%, respectively. In conclusion, 
Garlic, Moringa, and Neem extracts are potent agents for pest 
control in dried Bonga Shad. These findings contribute valuable  
insights for sustainable pest control practices in the fish processing 
industry, emphasizing practical observations alongside significant 
quantitative results.

Keywords:
infestation, mortality
preservation, processing,
Bonga Shad
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arthropod control, such as using insecticidal compounds, have been effective but r there are concerns 
about potential toxicological effects and environmental impacts. Consequently, there is a growing 
interest in exploring sustainable and environmentally-friendly  methods for arthropod pest control. 
This includes the use of natural repellents and  a compounds derived from plants and other natural 
sources (Garcia et al., 2019). These extracts contain insecticidal compounds that act as natural 
repellent to pests. Neem, for example, contains azadirachtin, a well-known insecticidal compound that 
disrupts the growth and development of pests (Smith and Johnson, 20u22). Garlic contains 
compounds such as asallicin and diallyl disulfide that have demonstrated repellent effects on 
arthropod pests. Moringa is another plant that exhibits insecticidal properties and has shown promise 
in pest management. The bioactive compounds found in moringa, such as isothiocyanates and 
flavonoids, have been reported to  have  insecticidal activity (Kumari et al., 2019). Therefore, this 
study was conducted to investigate the efficacy of three plants extract (Neem, Moringa and Garlic) in 
controlling arthropods pests in dried Bonga Shad.

MATERIALS AND METHOD
 Study sites
Calabar Metropolis is located in south-south Nigeria near the coast of the Gulf of Guinea. Its 
coordinates are latitudes 4°54'30"N & 4°95'00"N and longitudes 8°19'30"E & 8°21'00"E.  The city lies 
along the Calabar River., (The study sites are  Marian and Watt Markets, Calabar.  
Laboratory studies
Samples of dry Bonga shad were bought from fish sellers at Marian and Watt Markets.  Leaves of Neem 
and moringa, as well as garlic bulbs were also sourced from local markets in Calabar Metropolis. To 
ensure their purity, the plants were cleaned using distilled water. Subsequently, the plant samples were 
subjected to oven drying at temperatures ranging from 50 to 70 °C for a duration of 24 hours. Following 
the drying phase, the plants were finely ground into  powder using a mortar and pestle  This powdered 
material, in a 1:5 w/v ratio (200g per liter), served as the basis for the extraction process. The extracts 
were immersed in 1000mL of distilled water and allowed to stand for 24 hours to facilitate thorough 
extraction. The extraction   was carried out using the maceration technique as published by AOAC 
international (2016, Official Methods Of  Analysis.
The prepared plant extracts were then dispensed into five different concentrations (20 g/ml, 40 g/ml, 
60 g/ml, 80 g/ml, 100 g/ml)., The control group (0g/ml) were not treated with any plant  extract.
The experimental setup followed a completely randomized design in triplicates, including a control 
group. The samples were kept in a room temperature for 48 hours to allow for natural infestation of 
insect prior to the application of plant extracts. The application of different concentrations (0 g/ml, 20 
g/ml, 40 g/ml, 60 g/ml, 80 g/ml, 100 g/ml) of plant extracts was carried out using a plastic spray bottle.
At the end of  96 hours of applying the plant extracts, total number of dead insects was recorded to 
evaluate the efficacy of each plant extract. This entire process was replicated for each plant extract. 
After 30days, the specimens were evaluated to determine the efficacy of the plant extracts in 
controlling insect infestation.

STATISTICAL ANALYSIS
Data was subjected to Analysis of Variance (ANOVA) using Statistical Product for Service Solution 
(SPSS ver. 20) at P = 0.05.

RESULTS AND DISCUSSION
RESULTS
Efficacy of plant extracts in controlling arthropod pests
The efficacy of various plant extracts at different concentrations in controlling arthropod pests 
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infesting dried Bonga shad is as shown in Table 1. In the control group (0 g/l), a mean mortality of 
17.78% was observed, serving as a baseline for evaluating the impact of plant extracts on arthropod 
pests. Neem( 100g/ml) extract exhibited 100% insect mortality, followed by  moringa at (100g/ml) 
with mortality of 85% while  garlic (100g/ml)  extract had 73% mortality.

Table 1: Efficacy of plant extracts in controlling arthropod pests

Total no. of 
survivors

Mean 
Mortality 

(%)

Plant 
Extract

Conc. 
(g/ml)

Total no. 
of live 
insects

Total no. 
of dead 
insects

Control 0 18 3 15 17.78

Neem 20 19 6 13 31.58

Neem 40 21 12 9 57.14

Neem 60 17 13 4 76.47

Neem 80 20 18 2 90.00

Neem 100 20 20 0 100.00

Moringa 20 24 5 19 20.83

Moringa 40 25 9 16 36.00

Moringa 60 22 10 12 45.45

Moringa 80 19 12 7 63.16

Moringa 100 20 17 3 85.00

Garlic 20 19 2 17 10.53

Garlic 40 21 7 14 33.33

Garlic 60 25 9 16 36.00

Garlic 80 24 13 11 54.17

Garlic 100 26 19 7 73.08

DISCUSSION
The  results from this study revealed a dose-dependent effect of neem to cause mortality on arthropod 
insects. The  mortality ranged from 31.58% to 100%, and is similar to the 35% to 89% reported by 
Canazart et al. (2021)  against insect pests in stored grains and fish. This shows the  efficacy of  neem as 
a potential natural pest control agent. This study  identified neem as the most effective extract, 
achieving complete pest control (100%) by the end of the experiment. This efficacy may be attributed 
to the presence of Azadirachtin (a well-known active ingredient in pesticides). The varying effect of 
neem and other plant extracts in different studies suggests the need for further exploration into 
combining different extracts to understand their synergetic effects.
This study demonstrated the effect of Moringa's extract  on arthropod pests (mortality of 20.83% to 85.00%). 
This result is similar to  the report of  Irfan et al., (2022) who reported the mortality range  between 25% and 
78%. Despite slightly lower effectiveness compared to neem in the present study, Moringa remains a 
promising natural pest control option for dried fish. To optimize its efficacy, further research is required to 
explore differences in extract preparation, target pest species, and environmental factors influencing efficacy.
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Garlic extract displayed moderate efficacy against arthropod pests in this study, with results ranging 
from 10.53% to 73.08% mortality. It is also similar to the 15% to 85% mortality reported by Hanash 
(2023). While affirming neem's potential as a pest control option, our results indicate lower efficacy of 
garlic compared to neem. Similar to Moringa, garlic's effectiveness may vary based on method of 
extract preparation, target pest species, and environmental factors. Further investigation into optimal 
conditions for garlic extract application and its efficacy against specific pests is advocated.

CONCLUSION
 In conclusion, the study provides insights into the efficacy of plant extracts for arthropod pest control 
in dried Bonga Shad. Neem, Moringa, and Garlic extracts demonstrated varying degrees of 
effectiveness, with Neem standing out as the most potent. The optimal concentrations identified for 
each extract, considering both efficacy in controlling arthropods pests; offer practical guidelines for 
implementing plant-based pest control methods.
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INTRODUCTION
Fish is one of the protein foods that need careful handling (Eyo, 2004). This is because fish spoils easily 
after capture due to the high tropical temperature which accelerates the activities of bacteria, enzymes 
and chemical oxidation of fat in the fish. Due to poor handling, about 30 – 50% of fishes harvested are 

ABSTRACT
Improvement of consumer's palatability of Heterotis niloticus was 
investigated by value addition with natural spices and salt to improve its 
palatability and shelf-life. The major problem of H. niloticus is its poor 
taste, hence low demand and poor consumer's acceptability which affects 
the market value. The objective of this study was to improve the 
palatability and shelf-life of H. niloticus using ginger and pepper. The 
study was conducted at Teaching and Research Laboratory of the 
Department of Fisheries and Aquaculyure, Aliko Dangote University of 
Science and Technology, Wudil, Kano State. Ten samples of Heterotis 
niloticus with a total weight of 24kg were purchased from the fishermen 
at Galadima Market, Sabon Gari, Kano and conveyed down to Teaching 
and Research Laboratory of the Department of Fisheries and 
Aquaculture, ADUST Wudil. The experiment was factorial experiment 
having two factors (lemon grass and mint leaf) arranged a completely 
randomized design three treatments replicated thrice. The Heterotis 
niloticus were scaled, gutted and washed severally and then chunked into 
48 pieces as each spice was replicated into three places. Proximate    
compositions of the processed fish product were analyzed for Crude   
Protein, Moisture, Ash, Crude Lipid, Crude fiber, and Nitrogen free 
extract (digestible carbohydrate). Standard method of the Association   
of Official Analytical Chemist AOAC (2005), was used for 
determination. Data collected were analyzed using simple percentages, 
descriptive analysis and ANOVA. The results of proximate composition 
of the fish sample as affected by the different ginger and pepper shows 
that the proximate composition were not significantly (p> 0.05) 
influenced by the different solution of the spices. The result indicated 
highest crude protein (69.41 %) is from ginger spiced, followed by pepper 
spiced, 68.39% and ginger spiced 67.40%. 

Keywords:
ginger;  pepper,
processing, preservation,
Heterotis niloticus

555



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

wasted in Nigeria. These losses could be minimized by the application of proper handling, processing 
and preservation techniques (Bate and Bendall, 2010). The purpose of processing and preserving fish is 
to get fish to an ultimate consumer in good, usable condition. The steps necessary to accomplish this 
begin before fishing expedition starts, and do not end until the fish is eaten or processed into oil, meal 
or a feed (Karube et al., 2001). Fish begin to spoil as soon as it is caught, perhaps even before it is taken 
out of the water.  (Gopakumar, 2000). 

MATERIALS AND METHOD
Study Area
The study was conducted at Teaching and Research Laboratory of the Department of Fisheries and 
Aquaculture, Aliko Dangote University of Science and Technology, Wudil, Kano State. Wudil is 
located within the Sudan Savannah region of Nigeria. The experimental site is located on the latitude 
110 37'N and longitude 80 58'E and at an altitude of 403 m above sea level.
 
Sample Collection
Ten samples of Heterotis niloticus with a total weight of 24kg were purchased from the fishermen at 
Galadima Market, Sabon Gari, Kano and conveyed down to Teaching and Research Laboratory of the 
Department of Forestry, Fisheries and Wildlife, Aliko Dangote University of Science and Technology, 
Wudil, Kano State in an ice-filled plastic bowl covered with a sack bag to prevent deterioration.

Experimental Design
This experiment is a factorial experiment having two factors (pepper and ginger spices) arranged a 
completely randomized design of the preservation inclusion. There are three treatments replicated 
thrice which are salt treated, ginger treated and pepper treated. Ginger (Zigiber officinala), Cameroon 
pepper (Capsicum chinese)  were obtained from a Wudil local market, Kano State.

Preparation of the Samples
The Heterotis niloticus were scaled, gutted and washed severally and then chunked into 48 pieces as 
each spice was replicated into three places. The three spices used; were ginger and pepper  grinded into 
powder using grinding machine (Manual Multi-function Grinder Machine, Model JR 10). The spices 
were placed in 1.0 Litre of water and 50g each was weighed using a sensitive scale (Atom A 122 
Electronic Kitchen Digital Weighing Scale, Model SF: 400A). Each spice was added 10g of salt and 
mixed with 1.0 liter of water. The fish samples were soaked in the prepared spice extract for 1h, 
allowed to dipped for 20 minutes, then placed on smoking trays, tagged and placed into smoking kiln.

Fish Processing
The treated samples were replicated three times . The drying of the fish samples was done using a 
charcoal fired. They were subjected to heat and allowed to dry for 12h with turning at intervals to 
achieve a uniformly dried product. The fish samples were cooled, removed from smoking kiln and 
tagged as; Salt only (Control), Ginger, and  Pepper. The samples were smoked dried according to the 
methods described by Omojowo and Ibitoye (2009)

Organoleptic Evaluation
A taste panel of ten members made of staff and students of Aliko Dangote University of Science and 
Technology, Wudil. They rate the samples for color, texture, taste and overall acceptability using a 
hedonic scale of 1 – 5 with 5 representing “like much” ad 1 representing “dislike much” (Afolabi et al., 
1984). This was done immediately after smoking the fish and after preserved for 6 weeks.
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STATISTICAL ANALYSIS
Data collected were analyzed using simple percentages, descriptive analysis and ANOVA. Data that 
are significant at 5% are subjected to post hoc tests. SAS was used for the analysis

RESULT AND DISCUSSION
   Weight Loss during Fish Processing
The weight loss during the fish processing using the different spices showed that, the fish sample 
containing Salt recorded a high drying rate followed by fish sample containing the ginger and least by 
pepper in the drying efficiency

 Proximate Composition of the Smoked Fish Sample 
The proximate composition  of the fish sample as affected by the different spices shows that the 
proximate composition were not  significantly (p> 0.05) influenced by the different solution of the 
spices.  The result indicated highest crude protein (69.41 %)is from ginger spiced,  followed by pepper 
spiced, 68.39% and salt spiced 67.40% ( Table 1.)

Table 1.0:  Proximate Composition of smoked Heterotis niloticus Processed using Salt, Ginger and 
Pepper Preservation.

Preservative 

agents

Crude 

Protein %

Crude 

Lipid %

Crude Fibre 

% 

Ash % Nitrogen Free 

Extract %

Dry

Matter%

Salt 67.40±6.07 7.58±2.71 5.44±0.21 8.02±3.39 0.50±0.21 92..25±2.01
Ginger 69.41±6.02 9.05±3.64 4.89±0.08 8.21±4.14 0.18±0.14 93.88±1.93

Pepper 68.39±5.22 8.63±2.37 4.68±0.82 8.35±4.26 0.36±0.89 92.64±1.25

All the means of data on the same column are not significantly different (p>0.05)

Table 2 Proximate Composition of smoked Heterotis niloticus Processed  Ginger and Pepper at six weeks.

Preservative 

agents

Crude 

Protein %

Crude 

Lipid %

Crude Fibre 

% 

Ash % Nitrogen Free 

Extract %

Dry

Matter%

Salt 66.90±6.07 8.58±2.71 8.44±0.21 8.02±3.39 2.50±0.21 89.25±2.01

Ginger 68.56±6.02 8.05±3.64 3.89±0.08 8.21±4.14 1..18± 0.14 88.88±1.93

Pepper 68.01±5.22 8.63±2.37 5.68±0.82 8.35±4.26 2.36±0.89 89.64±1.25

Mean of Data are no significantly different (p>0.05)
There was no significant difference (p>0.05) in proximate composition of the H. niloticus at the end 
of the preservation period of six weeks

Table 3: Organoleptic Assessment of the smoked and processed Heterotis niloticus.

Appearance Taste Colour Aroma
Over all 
acceptability

Salt 3.6 3.6 3.8 3.2 3.55

Pepper 4 4.1 4 4 4.03

Ginger 4.6 4.9 4.4 4.6 4.63

Table 3 showed that Heterotis niloticus when processed weeks recorded highest overall acceptability 
was recorded in Ginger treated followed by pepper and salt.
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Table 4 showed that Heterotis niloticus preserved for 6 weeks recorded highest overall acceptability  in 
Ginger treated followed by pepper and salt

DISCUSSION
Fish Moisture and Pressure Efficiency
Weight loss showed  that  the  fresh  fish  sample  used  during  processing using  the different  spices,  
indicated  lost in moisture   content  due to dehydration   during  smoking which  varies  10-12 hours  
depending  on the final  constant  weight  obtained  on the  final product .Time and temperature 
change with high losses, these may be attributed to the type of specie, weight  which is in line with 
Chukwu (2009), who observed that the principle of fish smoking is the removal of water just as the 
same principles with salting and drying as a result of heat production from smoking.

Proximate Composition   of the Processed and Preserved Heterotis niloticus
Protein content of the processed fish species indicated significant difference within the species used 
and between the different methods. Omojowo and Ihuani (2006) mentioned that proximate 
composition of fish varies with species, body size, season, environmental factors and nutritional status. 
The increase of the protein content may be due to product dehydration which concentrated the 
protein during the heat treatment of the fish, thus increasing the nutritive value of the fish.
Crude lipid content increase could be as a result of heat produced by smoking kiln which result in 
moisture content losses, increasing the concentration of nutrient in the remaining mass of fat as related 
to lipid oxidation, which produced volatile compounds known to be unsaturated and very prone to 
oxidation (Salan et al,(2006). Moisture content differences could be due to certain factors such as 
genetic makeup, feed intake, metabolic efficiency, size, sex, and season of the year. These observation 
is in line with the findings of Olayemi et al., (2011) who reported that the moisture content of smoked 
reduces during heat treatment which differs with species. Nitrogen free Extract te content of the fish 
samples where within the recommended range 0.0 to 3.0% which shows that the species could be 
source of dietary carbohydrate these agrees with Daramola et al, (2013), who reported that 
carbohydrates contents in fish generally low and practically zero. Ash content was also significant 
which could be attributed to the fish species, season, sex, and food availability similar findings was also 
reported by Bilgrin et al., (2008) who observed significant difference in ash content of some nutritional 
composition of smoked Gilthead seabream.

SUMMARY
The study was conducted to improve the palatability and shelf-life of H. niloticus using ginger and pepper. 
Improvement of consumer's palatability of Heterotis niloticus for the period of six weeks was investigated 
by value addition with natural spices and salt to improve its palatability and shelf-life. The study was 
conducted at Teaching and Research Laboratory of the Department of Forestry, Fisheries and Wildlife, 
Aliko Dangote University of Science and Technology, Wudil, Kano State. Ten samples of Heterotis 
niloticus with a total weight of 24kg were purchased from the fishermen at Galadima Market, Sabon Gari, 
Kano and conveyed down to Teaching and Research Laboratory of the Department of Forestry, Fisheries 
and Wildlife, ADUST Wudil. The experiment was  factorial experiment having two factors (lemon grass 
and mint leaf) arranged a completely randomized design three treatments replicated thrice. The Heterotis 

Table 4: Organoleptic Assessment of the smoked and processed Heterotis niloticus after six weeks

Preservative 
agents

Appearance Taste Colour Aroma
Over all 
acceptability

Salt 3.667 2.8 3.8 2.43 3.18

Pepper 3.87 3.57 3.93 3.43 3.7

Ginger 3.93 4 3.93 4.33 4.05

558



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

niloticus were scaled, gutted and washed severally and then chunked into 48 pieces as each spice was 
replicated into three places. Proximate compositions of the processed fish product were analyzed for   
Crude Protein, Moisture, Ash, Crude Lipid, Crude fiber, and Nitrogen free extract (digestible   
carbohydrate). Standard method of the Association of Official Analytical Chemist AOAC (2005) was 
used for the proximate analysis. Data collected were analyzed using simple percentages, descriptive 
analysis and ANOVA. The results of proximate composition of the fish sample as affected by the different 
spices shows that the proximate composition were not  significantly (p> 0.05) influenced by the different 
solution of the spices. The result indicated highest crude protein (69.41 %)is from ginger spiced,  followed 
by pepper spiced, 68.39% and salt spiced 67.40%. Sensory assessment as judged by panelist presented in 
the table above reveal that fish smoked with Lemon grass and Mint leaf was found to be better in terms of, 
appearance and taste.

CONCLUSION 
This study demonstrated the effectiveness of natural spice addition in improving consumer's 
palatability and controlling microbial population and pathogens in Heterotis niloticus by predicting the 
microbial safety and quality of smoked H. niloticus. The study shows that ginger plus ginger is an 
efficient and effective spice for pre-treating fish (H. niloticus) before smoking for production of high 
quality, palatable and safe smoked-dried products. It was also evident from this study that the 
application of ginger plus pepper and good/hygienic handling procedures adopted greatly improved 
consumer's palatability of the fish (H. niloticus) and control microbial population. 

RECOMMENDATIONS 
• The most effective of the ginger and pepper are recommended for the protection of smoke-dried 
Heterotis niloticus fish against insect pest infestation, as good alternatives to synthetic insecticides. 
• Further studies should be conducted to obtain information regarding the practical effectiveness of 
the ginger and pepper under natural conditions. Also, further studies on ginger and pepper on other 
stored product pests is recommended 
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INTRODUCTION
Nigeria is a major importer of fish and fishery products in Africa, a situation likely driven by the need to 
fulfill domestic fish demand shortfalls (Okon et al., 2024). Fish is one of the most affordable sources of 
animal protein across the continent. It has been a staple in human diets for centuries and continues to 
be a key dietary component in numerous countries due to its digestibility and high nutritional value 
(Bessada et al., 2019) . Fish species are found in both freshwater and saltwater environments. Specific 
organisms such as Aeromonas species and others like Staphylococcus aureus, Salmonella, Vibrio 
parahaemolyticus, Listeria monocytogenes, Shigella, Yersinia, and Pseudomonas are known to 
potentially cause food-borne illnesses when present in ready-to-eat seafood (Omara et al., 2024). Fish, 
with its high water content, typically freezes at temperatures between 0°C and 3°C, while freezing can 
kill some bacteria, others can survive and resume growth once the fish thaws. Bacteria such as 
Pseudomonas species, Moraxella species, Alcaligenes species, and Flavobacterium species can endure 
freezing temperatures and grow again when the temperature is favorable. Certain Clostridium 
botulinum species may survive freezing and potentially produce toxins (Bilska et al., 2024). Fish may 
become contaminated either after capture or during transportation to retail markets, and if microbial 
contamination occurs, it can lead to spoilage and food-borne infections or food intoxication. In Nigeria, 
frozen fish accounts for 45% of fish consumption. Given the increasing population and the need for 

ABSTRACT
The bacteriological assessment of frozen Shawa (Ethmalosa fimbriata), 
Croaker (Pseudotolithus senegalensis), and Scumbia (Scomber 
japonicas) fish sold in Bukuru Market, Jos South Metropolis, Nigeria, 
revealed significant levels of contamination. Bacillus species were the 
most prevalent bacteria identified across all the (3) three fish species, 
with Scumbia recording the highest bacterial load (210.38±91.11 
CFU/g). Shawa followed with a bacterial load of 163.50±64.42 
CFU/g, and Croaker had the lowest load at 144.80±126.6 CFU/g. The 
study also found that the Mean Total Bacterial Count (TBC) was 
highest in Shawa (2.904 x 106 CFU/g), followed by Scumbia (2.305 x 
106 CFU/g) and Croaker. The Total Coliform Count (TCC) showed 
alarming levels, with Shawa (197,200.00 CFU/g) and Scumbia 
(1.01821 x 106 CFU/g) exceeding the permissible limits for food 
safety, while Croaker had a lower count (35,500.00 CFU/g) but still 
above recommended levels. The results from this research call for 
better handling and storage practices to reduce the health risks 
associated with consuming these frozen fish products.

Keywords:
Bacteriological assessment, 
Frozen fish contamination, 
Food safety, Bacillus species,
Total Coliform count
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food storage and transportation, effective food preservation is crucial for maintaining nutritional value, 
texture, and flavor and safety. This study aimeds to evaluate the microbial load of three imported 
frozen fish species.

MATERIALS AND METHODS
Sample Collection 
Fifteen (15) different frozen fish species namely: Shawa (Ethmalosa fimbriata), Croaker (Pseudotolithus 
senegalensis) and Scumbia (Scomber japonicas) were collected. Five each of the fish samples were 
randomly purchased at different periods from retailers in Bukuru Market of Jos South Local Government 
Area; and transported to the Central Diagnostic Laboratory of the National Veterinary Research Institute 
(NVRI), Vom, Plateau State. The samples were collected over a period of two weeks

Sample Processing
Upon collection, the frozen fish samples were transported to the laboratory under controlled 
temperature conditions to prevent thawing. Each sample was then thawed at 4°C for 24 hours. After 
thawing, the fish samples were aseptically dissected, and the flesh and skin portions were separated for 
bacteriological analysis according to (Nwaogu and Afolabi, 2022).

Bacteriological Analysis 
Media Preparation: Nutrient Agar (for total bacterial count) and MacConkey Agar (for coliform 
detection), were prepared according to standard protocols and sterilized at 121°C for 15 minutes.The 
flesh and skin portions of each fish sample were separately homogenized in a sterile saline solution 
according to (Chukwudi and Okechukwu, 2022). Serial dilutions were prepared, and aliquots of 
appropriate dilutions were plated on selective and differential media for the enumeration and isolation 
of bacterial pathogens such as Escherichia coli, Salmonella spp., and Staphylococcus aureus. The plates 
were then incubated at appropriate temperatures for 24-48 hours (Igwe et al., 2023). Colonies with 
characteristic morphological features were subjected to biochemical tests, including catalase test, 
oxidase test, indole test, and coagulase test for the identification of bacterial species (Lawal et al., 
2021). Additionally, molecular techniques such as polymerase chain reaction (PCR) were employed 
for the confirmation of bacterial species (Abubakar and Mohammed, 2022).

Data Analysis
Data obtained from the bacteriological analysis were subjected to descriptive statistical analysis to 
determine the mean prevalence and counts of bacterial pathogens (Eze and Adamu, 2023). Statistical 
significance was assessed using appropriate tests, and p-values <0.05 were considered statistically 
significant (Oladimeji and Adebayo, 2021).

RESULTS AND DISCUSSION
Table 1shows the frequency of occurance of bacterial isolates  from the three frozen fish samples. For 
Shawa, Escherichia coli had the highest occurrence with 6 isolates (11.11%), followed by Coagulase-
Negative Staphylococci (CoNS) and Bacillus species, each with 5 isolates (9.26%).
In Croaker, Bacillus species were the most prevalent with 5 isolates (9.26%), while Micrococcus 
luteus, and CoNS, each had 1 isolate (1.85%). For Scumbia, Bacillus species had 6 isolates (11.11%), 
followed by Escherichia coli with 5 isolates (9.26%) and Klebsiella aerogenes with 4 isolates (7.41%). 
Bacillus species were the dominant bacteria across all three fish species with a total of 16 isolates, while 
Aeromonas hydrophila and Micrococcus luteus were the least common, each with 1 isolate (1.85%) .
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Key: CoNS= Coagulase Negative Staphylococcus species
Table 2 Shows the result of bacteriological investigation of the frozen fish samples. Scumbia has the 
highest raw count 210.38±91.11 of bacterial follows by Shawa 163.50±64.42 while croaker has the 
lowest raw count of 144.80±126.6. The highest total bacterial count (TBC) was observed in Shawa 
2.904 x 106 while the lowest (144.80±126.6) was observed in Croaker. The lowest Mean of raw 
Count (TCC) was observed in Croaker 35,500.00 while the highest was found in Shawa 
197,200.00a.The total coliform count (TCC), was highest in Scumbia followed by Shawa while 
Croaker had the lowest coliform count  (1.01821 x 106a, 6.13 x 105 and 3.5 x 104).

Table 2: Bacteriological Assessment of some selected frozen fish bought from  Bukuru Market  Jos 
South Metropolis

Table1: Frequency of occurrences for bacterial isolated from frozen fish

Fish species  Isolated Bacterial No (%)

Shawa Coagulase Negative 

Staphylococcus species

5(9.26)

Escherichia coli 6(11.11)

Staphylococcus aureus 1(1.85)

Bacillus species 5(9.26)

Aeromonas hydrophyla 1(1.85)

Klebsiella aerogenes 1(1.85)

Bacillus circulans 2(3.70)

Croaker Streptococcus species 1(1.85)

Klebsiella aerogenes 2(3.70)

Bacillus species 5(9.26)

Escherichia coli, 3( 5.56)

Staphylococcus aureus 1(1.85)

Bacillus circulans 1(1.85)

Micrococcus luteus 1(1.85)

CoNS, 1(1.85)

Scumbia Escherichia coli 5(9.26)

Bacillus species 6(11.11)

Klebsiella aerogenes 4(7.41)

CoNS, 1(1.85)

Bacillus circulans 2(3.70)

Total 54(100)

 Parameters S E M P-ValueShawa Croaker Scumbia 

Raw Count (10-4) TBC 163.50±64.42 144.80±126.6 210.38±91.11 14.27 0.105NS

Total Bacterial Count (CFU/g) 2.904 x 106a 1.448 x 106b 2.305 x 196a 1.68287 x 105 0.007*

Raw Count (10-3) TCC 197,200.00a 35,500.00b 153,400.00a 13.14 0.000*

Total Coliform Count (CFU/g) 6.13 x 105ab 3.5 x 104b 1.01821 x 106a 12.2132 x 105 0.001*
KEY: a, b, c

 Means in the same row with different superscripts are significantly different (P<0.05)
S E M = Standard Error of Mean, N S = Not Significant (P>0.05)
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DISCUSSION
The bacterial isolates identified from the frozen fish samples in this study align with findings from 
other research, although some differences were observed. The high prevalence of Bacillus species 
(11.11%) across all the three fish types is to the findings of Adeyemi et al. (2023), who reported a 
dominance of Bacillus species from frozen fish samples in Oyo State and that of Olayinka et al. (2022) 
who found 13.2% in frozen catfish sold in Ibadan markets. The presence of Escherichia coli (9.26%) as 
the second most prevalent bacterium in this study, is higher than the report of Bello et al. (2021), who 
observed (10.8%) of E. coli in frozen tilapia across three Nigerian states. suggesting better handling 
practices in that region. The high bacterial count in Scumbia (210.38±91.11) is in agreement with 
findings of Kumar et al. (2022), who reported higher bacterial loads in fish with higher fat content. This 
suggests that Scumbia's higher fat content supports greater bacterial growth. However, Croaker's 
lower bacterial count aligns with Santos et al. (2021), who noted that fish with lower fat content tend 
to have fewer bacteria. According to the report by Nwosu and Nwachukwu (2020), who investigated 
frozen Mackerel in Enugu and recorded a TBC of 3.1 x 106 CFU/g and a TCC of 6.8 x 105 CFU/g. He 
observed that the TBC in Mackerel is higher than in Shawa and Scumbia, 2.904 x 106 CFU/g, 2.305 x 
106 CFU/g this shows more significant bacterial load. The TCC is, however, lower in Scumbia but 
higher than in Shawa and Croaker, concluded that Mackerel may pose greater public health risks. 
Scumbia being second highest supports the idea that bacterial loads can vary significantly among 
species, which is in cord with the findings of Ahmed et al. (2022).The higher coliform count in Shawa 
(197,200.00) and Scumbia 1.01821 x 106 CFU/g, compared to Croaker (35,500.00) agreed with the 
findings of Nair et al. (2021), who reported higher coliform contamination in frozen fish and associated 
it with poor handling practices. However, the TCC in Shawa (197,200.00) and Scumbia (1.01821 x 
106) far exceed the recommended maximum limit of 100 CFU/g for ready-to-eat fish products 
permissible level, raising significant food safety concerns, Codex Alimentarius (2020).

CONCLUSION
The results revealed significant bacterial contamination, with Scumbia and Croaker frozen fish. This 
observation called for stricter hygiene practices and regulatory compliance in the handling and storage 
of frozen fish to safeguard public health. 
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INTRODUCTION
Fish can contribute to the food and nutrition status of the world population through a variety of ways that 
range from direct supply of nutrients to consumers to providing income to fish dealers who sell the fish. 
Fish provides excellent protein, and several macro- and micronutrients (FAO, 2014). Fish has been 
suggested to be a useful key component for a healthy diet in humans. Fish has high food potential and could 
be expected to give relief to humans from malnutrition especially in countries with low-income earners 
and with high protein demand (FAO, 2005; Ashraf et al., 2011). For short time storage of dry fish that is 
safe from moulds and bacteria infestation, the moisture content must well below 30% (Idah and 
Nwankwo, 2013). Fish is usually preserved by many processes such as drying, canning, and smoking 
among others. Dry fish is a major form of fish preservation in many countries of the tropics, especially 
Nigeria. An average of about 30% of the world fish catch is consumed in the dried, salted, smoked forms or 
combination of these processes (Aliya et al., 2012). Some of these preservation methods have various 
effects on the physical and nutritional quality of fish (Oparaku and Mgbenka, 2012).
Tilapias reproduce easily, and very palatable for consumption, most grow in brackish water, and some 
will adapt to full strength sea water; these characteristics make Tilapia well adapted to the 

ABSTRACT
The effects of blanching (A), salting (B), and sugaring (C), as a pre-
treatment on sensory and proximate composition of smoked Tilapia 
(Oreochromis niloticus) were assessed with fish samples without any 
form of pre-treatment as the control (D). Tilapia samples of 13kg 
were used for the study. Organoleptic test was conducted using a 10-
point hedonic scale ranging from highly acceptable to highly 
unacceptable for each quality parameter. The results indicated that 
Texture had the highest score of 9.00+1.70 and 9.00+1.41 in B and 
C and lowest 7.00+1.70 in A; taste had highest (8.60+1.89) in C and 
lowest (7.20+2.70) in D. Flavour was highest with 9.00+1.70 and 
9.00+1.4 in B and C and lowest (7.00+1.70) in A. Odour was 
highest with 8.60+1.89 in C, while was lowest (7.20+2.70) in D. 
Acceptability mean value was highest with 9.00+1.05 in D and 
lowest (8.60+1.35) in A. There was no significant difference in 
organoleptic attributes of B and C while both had better organoleptic 
attributes D and A; however, proximate composition of the 
differently smoked tilapia changes after 21 days of storage; therefore, 
salting, and sugaring pre-treatments are recommended for better 
organoleptic qualities for short storage period.

Keywords:
Oreochromis niloticus,
blanched-smoked,
salted-smoked,
sugared-smoked,
organoleptic test. 
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environmental conditions of Africa and most developing countries (Aliya et al., 2012). which 
motivated this research. A larger percentage of consumers do eat fish because of its availability, flavour, 
and palatability while fewer percentages do so because of its nutritional value. This research is aimed at 
assessing different pre-treatments of smoked Oreochromis niloticus based on palatability, sensory 
evaluations, and proximate analysis. This research will give options to patient with hyper/hypo sugar 
and blood pressure.

MATERIALS AND METHODS
Study Area
The experiment was carried out at the Fish processing unit of the Experimental Farm of the 
Department of Aquaculture and Fisheries Management (DAFM) of the Faculty of Agriculture, 
Nasarawa State University Keffi, Shabu- Lafia Campus. Lafia is located on latitude 8° 35'N, longitude 
8° 32'E, altitude 181.53m above sea level with a mean temperature of 34°C, relative humidity of 40-
86% and average day light of 9-12h (NIMET, 2011).
Source of Fish Samples
Thirteen (13) kg of O. niloticus fish samples were used for the study. The fish samples were purchased 
from fish sellers in Doma, Nasarawa State, Nigeria, and were conveyed to the DAFM of laboratory 
with ice water crystals and was subjected to immediate processing to prevent spoilage.
Fish Sample Preparation
Upon conveyance of the fish samples to the laboratory, the fish were thoroughly washed in clean water 
and degutted after which the fish was washed again in clean water and then drained briefly (about 20 
min) in clean perforated containers to remove most of the resulting water. Thereafter, the fish was 
divided into four subgroups randomly while ensuring that each of the parts of the fish were represented 
in each pre-treatment before applying the treatments.
Application of Treatments
Blanching: Fish sample was dipped in 5 litres of boiling water (100°C) for about 5 minutes. The fish 
was removed and arranged on trays for about 30 minutes to remove all surface water from the fish 
before arranging them on the drying trays in the smoking kiln.
Salting: Fish sample was dipped into salt solution (250 g of salt to 5 litres of water) for about 30 minutes. They 
were removed and arranged on a tray and left for about 30 minutes to allow the surface water to be removed.
Sugaring: Fish sample was dipped into sugar solution (250 g of sugar to 5 litres of water) for about 30 minutes.
Control: The fish samples (without any form of pre-treatment) for control was just arranged on the 
trays for about 30 minutes to allow removal of surface water before drying.
Drying of Fish Samples 
Fish samples were smoked using red flame from charcoal for 12 hours. 
Sensory Evaluation
Samples from the freshly prepared dried fish products were subjected to sensory evaluation 
immediately after processing to obtain data for the selection of the best out of the differently dried fish 
samples before storage. A 10-member taste panel consisting of Staff and Students at the University 
was constituted. The samples were blind coded to reduce bias. Organoleptic parameters assessed 
include texture, taste, flavour, and general acceptability in accordance with Post et al. (1991). A 10-
point hedonic scale ranging from highly acceptable to highly unacceptable was adopted for each quality 
parameter. Pencils, tissue paper and water was provided to the judges.
Proximate Analysis
Proximate analysis was done according to AOAC (2000).
Data Analysis
Data generated was subjected to One-Way Analysis of Variance (ANOVA) using SPSS version 20. Duncan 
Multiple Range test at the 5% level of significance was used to determine differences in means of all treatments.

567



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

RESULTS AND DISCUSSION
The results of effect of different pre-treatment (blanching, sugaring, and salting) on sensory properties 
of O. niloticus is presented in Table 1. Texture was highest 9.00+1.70 and 9.00+1.41 in salted and 
sugared O. niloticus and lowest 7.00+1.70 in blanched O. niloticus but were significantly different 
(p<0.05) among other treatments. Taste mean value was highest 8.60+1.89 in sugared O. niloticus, 
followed by 8.20+2.02 in salted O. niloticus while it was lowest 7.20+2.70 in the control. Taste was 
not significantly different (p>0.05) among salted and sugared O. niloticus. Flavour mean values was 
highest 9.00+1.70 and 9.00+1.4 in salted and sugared O. niloticus and lowest 7.00+1.70 in blanched 
O. niloticus. Flavour was not significantly different (p>0.05) among salted and sugared O. niloticus 
but were significantly different (p<0.05) among other treatments. Odour mean value was highest 
8.60+1.89 in sugared O. niloticus, followed by 8.20+2.02 in salted O. niloticus while it was lowest 
7.20+2.70 in the control. Taste was not significantly different (p>0.05) among salted and sugared O. 
niloticus but were significantly different (p<0.05) among other treatments. Acceptability mean value 
was highest 9.00+1.05 in the control and lowest 8.60+1.35 in blanched O. niloticus. Results of 
acceptability showed no significance difference (p>0.05) among the treatments. Tables 2 and 3 are 
proximate composition analysis. 
Organoleptic attributes of smoked Tilapia
Sensory assessment as judged by the panellist as presented in Table 1 revealed that salted and sugared O. 
niloticus were found to be the best in terms of texture, taste, flavour, and odour with average scores of 
9.00, 8.60, 8.20, 9.00, 8.60 and 8.20 respectively. This result is in line with the results of Abolagba et al. 
(2015) who reported mean values of 8.95, 8.11, 8.21, 8.95 and 8.0 for taste, flavour, colour, appearance, 
and texture of smoked cultured Clarias gariepinus in Delta and Edo States. There was no significant 
difference (p>0.05) in the appearance measured in this study. However blanching and the control had no 
significant difference (p>0.05) in all the sensory attributes assessed. In all the sensory qualities examined, 
the differently processed smoked O. niloticus scored above average, which indicates that are all acceptable 
after smoking. This agreed with findings of Bilgin et al. (2008) and Kumolu-Johnson et al. (2010), who 
reported that in terms of flavour, texture, appearance, odour and taste, the smoked fish scored above 
average which indicated that they might still be acceptable 21 days after smoking

Table 1: Effect of different pre-treatment (blanched, sugared and salted) on sensory properties of 
Oreochromis niloticus.

Parameter Samples 
TA TB TC TD

Texture 8.00+2.66b 9.00+1.70a 9.00+1.41a 7.00+1.70c

Taste 7.20+2.70b 8.20+2.20a 8.60+1.89a 7.80+2.20b

Flavour 8.00+2.66b 9.00+1.70a 9.00+1.41a 7.00+1.70c

Odour 7.20+2.70b 8.20+2.20a 8.60+1.89a 7.80+2.20b

Appearance 9.00+1.05a 8.80+1.03a 8.80+1.39a 8.60+1.35a

Mean with different superscript along the row are significantly different (p<0.05)
Table 2 Initial Proximate Composition of the differently Smoked Tilapia.

Parameters Treatment ±SD
TA TB TC TD

%MD 5.84±0.55a 4.43±0.10b 3.32±0.10c 5.46±0.11a

% ASH 14.27±0.95a 10.40± 0.60c 12.09± 0.02b 10.65±0.49c

%CP 47.61±0.55b 48.45±0.59b 48.57±0.08b 50.64±0.58a

% EE 25.43±0.52b 25.97±0.64ab 26.88±0.61a 27.03±0.99a

% CF 1.25±0.06ab 1.14±0.03 b 1.37±0.21a 1.13±0.02b

%NFE 6.41±0.10c 9.77±0.08a 8.41±0.15b 5.44±0.49d

Mean with different superscript along the row are significantly different (p<0.05)
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Mean with different superscript along the row are significantly different (p<0.05)

Proximate composition of smoked Catfish and Tilapia
The measurements of some proximate profiles (Tables 1 and 3) are often necessary to ensure that they 
meet the requirements of food regulations and commercial specifications. The moisture content 
obtained in this study for differently processed tilapia was between 3.20 - 6.88, ash content was 
between 9.62 -14.7, crude protein content was between 42.77. -50.64, ether extract was between 
21.09 - 27.03, crude fibre 1.14 - 1.62 and NFE 5.44 -17.86. The values obtained in this study are in 
range with 10.4, 31.50, 25.83 and 16.27 for moisture, crude protein, lipid and NFE in smoked Tilapia 
as obtained by Ande et al. (2012). Fapohunda and Ogunkoya (2006) reported 14.64 ash content in 
smoked Tilapia zilli. Olopade et al. (2013) reported crude protein of smoked O. niloticus to be 
between were 47.69 and 50.12 and 10.21 as fact content. There was a decrease in crude protein 
content of the differently smoked fish. The decrease in the crude protein content could be because of 
loss of nutrient in the fish after 21 days of storage. Salted fish recorded the lowest crude protein level 
34.56 – 51.63. Reduction in the percentage crude protein of the fish during the period of storage could 
be due to gradual degradation of the initial crude protein to more volatile products such as Total 
Volatile Bases (TVB), Hydrogen sulphide and Ammonia. Changes observed in protein content during 
storage may also have been due to leaching out of some extractable soluble protein fraction (Daramola 
et al., 2007). High susceptibility of fish to oxidative rancidity resulted from the high degree of 
unsaturation in the form of multiple double bonds in fatty acids Obemeata et al. (2011).
There was reduction in crude fat (Ether Extract) content in most of the smoked fish from the initial 
stage to the final stage (week 0-21 days). The reduction in crude fat content of both the differently 
processed fish may be due to oxidation and crude fat break down into other components. That is, 
oxidation of poly-unsaturated fatty acids (PUFA) contained in the fish tissue to products such as 
peroxides, aldehydes, ketones, and the free fatty acids as reported by Daramola et al. (2007). Fish oil 
has been found to be more liable to spoilage than other oils due to their greater number of unsaturated 
fatty acids as shown by the lower specification number and higher iodine value. The greater the degree 
of instauration, the greater would be the tendency for fat oxidation (rancidity). There might be high 
risks of rancidity during prolonged storage conditions due to the fatty nature of fish; the increase in the 
crude fibre content of differently processed fish during the period of assessment in this study could be 
accounted for by the fact that in these samples, there had been oxidation of their poly-unsaturated 
fatty acids (PUFA) components, contained in their tissues to products such as peroxides, aldehydes, 
ketones, and free fatty acids (Daramola et al., 2007). 

CONCLUSION
The result of the study showed that there was no significant difference in organoleptic attributes of 
salted and sugared-smoked Tilapia, and both had better organoleptic attributes than the control and 
the blanched smoked one. However, the proximate composition of the differently smoked tilapia 
changed after 21 days of storage, therefore, storage significantly affects the proximate composition of 
differently smoked tilapia upon prolong storage.

Table 3 Final Proximate Composition of the differently Smoked Tilapia 

Parameters Treatment ± SD

TA TB TC TD

%MD 4.25±0.63c 5.29±0.61b 4.78±0.05bc 6.88±0.11a

% ASH 13.30±0.70a 9.62±0.10c 11.51±0.61b 9.41±0.06c

%CP 42.77±0.67b 43.89±0.61b 43.45±0.61b 45.67±0.76a

%E. E 21.09±0.49c 22.84±0.55b 22.45±0.55b 24.42±0.55a

%CF 1.62±0.57a 1.36±0.10a 1.28±0.05a 1.26±0.06a

%NFE 17.57±.55a 17.86±0.55a 17.28±0.61a 13.21±0.61b

569



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

RECOMMENDATION
From the results, it is therefore recommended that fish processors should process their fish by salting 
or sugaring for better organoleptic qualities and that fish processed by only salting or sugaring should 
not be stored for long period to prevent loss of nutrients. 
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INTRODUCTION
Polycyclic Aromatic Hydrocarbons (PAHs) are a class of organic compounds that are formed primarily 
during the incomplete combustion of organic matter (Abdel-Shafy & Mansour, 2016). They are known 
to be environmental pollutants with potential carcinogenic, mutagenic, and teratogenic effects on 
humans. PAHs are found in various food items, particularly in smoked and grilled foods due to the 
methods of preparation that involve direct exposure to smoke (Adeyeye & Ashaolu, 2022).
Smoked fish is a popular delicacy in many parts of the world, including Nigeria. In Ekiti State, Clarias 
gariepinus (African catfish) and Merluccius merluccius (European hake) are commonly smoked and 
consumed. However, the smoking process, which imparts flavor and extends the shelf life of the fish, 

ABSTRACT
Polycyclic Aromatic Hydrocarbons (PAHs) are environmental 
pollutants with potential carcinogenic, mutagenic, and teratogenic 
effects on humans, formed primarily during the incomplete 
combustion of organic matter. In Ekiti State, Nigeria, smoked fish, 
including Clarias gariepinus (African catfish) and Merluccius 
merluccius (European hake), are commonly consumed, raising 
concerns about food safety due to the presence of PAHs. This study 
aims to analyze the levels of PAHs in smoked Clarias gariepinus and 
Merluccius merluccius and assess the associated health risks to 
consumers using the recognized European Commission Standard 
limit of 12µg/kg for carcinogenic PAH4. Smoked fish samples were 
collected from three federal constituencies in Ekiti State and 
analyzed using Gas Chromatography-Mass Spectrometry (GC-MS). 
Clarias gariepinus had BaP concentrations ranging from 1.92±0.60 
µg/kg to 2.19±0.19 µg/kg, slightly exceeding regulatory limits of 2 
µg/kg, whereas Merluccius merluccius had lower BaP levels 
(0.11±0.01 µg/kg to 0.41±0.23 µg/kg). PAH4 concentration ranges 
from 3.15 µg/kg to 3.52 µg/kg for C. gariepinus and 0.94 µg/kg to 
1.53 µg/kg for M. merluccius all noted to be within safety standards. 
The results indicated that Clarias gariepinus exhibited PAH levels 
near to slightly above regulatory limits across the sample location, 
suggesting a higher carcinogenic risk compared to Merluccius 
merluccius, which remained within acceptable safety standards. 
These findings underline the need for regular monitoring, improved 
processing practices, and regulatory interventions to minimize PAH 
exposure and protect public health.

Keywords:
Polycyclic Aromatic
Hydrocarbons,
Clarias gariepinus,
Merluccius merluccius,
Food Safety, Fish Processing
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can also lead to the formation of PAHs. Given the widespread consumption of these fish species in 
Ekiti State, it is crucial to understand the levels of PAHs present in these products and assess their 
potential health risks to consumers.
The increasing consumption of smoked fish in Ekiti State, particularly in this period of economy 
downturn raises concerns about food safety, particularly in relation to the presence of PAHs. The 
traditional smoking methods employed by local processors may contribute to the formation of 
significant levels of PAHs in the smoked fish, posing a potential health risk to consumers (Asamoah et 
al., 2021). Despite the popularity of smoked Clarias gariepinus and Merluccius merluccius in the 
region, there is a lack of comprehensive studies that analyze the PAH content in these products. This 
gap in knowledge necessitates a detailed investigation into the PAH levels in smoked fish products to 
ensure public health safety.
Given the carcinogenic nature of some PAHs and the high consumption rates of smoked fish in Ekiti 
State, it is imperative to assess the levels of these compounds in smoked Clarias gariepinus and 
Merluccius merluccius. Therefore, this research seeks to analyze the levels of Polycyclic Aromatic 
Hydrocarbons (PAHs) in smoked Clarias gariepinus and Merluccius merluccius processed in Ekiti 
State with a view to assessing the potential health risks associated with their consumption. The 
findings of this study will provide valuable insights into the extent of PAH contamination in smoked 
fish and will inform both consumers and regulators about potential health risks. Moreover, the results 
can guide the development of safer smoking practices that minimize PAH formation, ultimately 
contributing to better food safety standards in the region. 

MATERIALS AND METHOD
Study Area and Sampling Locations
The study was conducted across three federal constituencies in Ekiti State: Ekiti North, Ekiti Central, and 
Ekiti South. Within each constituency, one local government area was selected, and in each local 
government area, a major market was chosen as the sampling location. The selected markets were 
intended to represent the diversity of fish species in the region, although traditional processing methods 
were predominantly observed. This method is widely used in the region and is known for its potential to 
produce Polycyclic Aromatic Hydrocarbons (PAHs) due to the direct exposure of the fish to smoke. 
Sample Collection
Smoked fish samples of Clarias gariepinus (African catfish) and Merluccius merluccius (European 
hake) were purchased from each selected market within the selected local government. For each fish 
species, three samples were collected per market, leading to a total of nine samples per species across 
the entire study area. These samples were categorized by their respective constituencies, providing 
three replicates for each species per constituency as follows:
• Ekiti Central: Ado Local Government (Sample A)
• Ekiti South: Ikere Local Government (Sample B)
• Ekiti North: Oye Local Government (Sample C)
Laboratory Analysis of PAHs
The smoked fish samples were transported to the Department of Chemical and Petroleum 
Engineering at Afe Babalola University for PAH analysis. The analysis was performed using a Varian 
GC-MS 4000/3800 gas chromatograph (Agilent Technologies, Palo Alto, CA) equipped with an HP-
1MS (Cross-linked PH ME siloxane) column. The procedure followed the standard method described 
by Wretling et al., (2010). The gas chromatograph-mass spectrometer (GC-MS) was calibrated using 
standard solutions containing the 16 target PAH compounds. 
Statistical Analysis
The data obtained from the PAH analysis were subjected to a one-way analysis of variance (ANOVA) using 
Statistical Package for the Social Sciences (SPSS) software, version 25. Significant differences were 
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determined at a 5% level of significance using Duncan's Multiple Range Test. The results were further 
compared with the recognized European Commission Standard limit for processed fish and meat 
products to evaluate the potential health risks associated with the consumption of these smoked fish.

RESULTS AND DISCUSSION
The concentrations of polycyclic aromatic hydrocarbons (PAHs) in Clarias gariepinus and Merluccius 
merluccius samples are presented in Table 1. A total of sixteen PAHs were measured, including 
Naphthalene (NAP), Acenaphthylene (ACY), Acenaphthene (ACE), Fluorene (FLU), Phenanthrene 
(PHEN), Pyrene (PRY), Fluoranthene (FLTH), Anthracene (ANTH), Benzo[k] fluoranthene 
(Benzo[k]), Benzo[a]pyrene (B[a]P), Chrysene (CHRY), Benzo[a]anthracene, [1,2,3-cd]pyrene, 
Benzo[b]fluoranthene (Benzo[b]), Dibenzo[a,h]anthracene (Dibenzo[a,h]), and Benzo[g,h,i]perylene.
The analysis of Polycyclic Aromatic Hydrocarbons (PAHs) in smoked Clarias gariepinus and 
Merluccius merluccius highlights the variability in contamination levels between these species, which 
may directly impacts the potential health risks associated with their consumption.

Table 1: PAHs Concentration in fish samples commonly marketed in Ekiti State
 Clarias gariepinus Merliccius merliccius

Compounds Sample A

(µg/kg)

Sample B

(µg/kg)

Sample C

(µg/kg)

Sample A

(µg/kg)

Sample B

(µg/kg)

Sample C

(µg/kg)

Naphthalene (NAP) 0.41±0.25a 0.46±0.23a 0.61±0.19a 0.33±0.03a 0.22±0.01a 0.64±0.15b

Acenaphthylene (ACY) 1.92±0.08a 1.86±0.16a 1.98±0.10a ND ND ND

Acenaphthene (ACE) 0.67±1.16a 0.35±0.61a 0.72±1.25a ND ND ND

Fluorene (FLU) 1.50±0.35a 1.45±0.35a 1.65±0.32a ND ND ND

Phenanthrene (PHEN) 0.43±0.75a 0.40±0.69a 0.46±0.80a 0.08±0.01a 0.12±0.02a 0.40±0.16b

Pyrene (PRY) 0.62±1.07a 0.60±1.10a 0.63±1.10a 0.96±0.03b 0.62±0.02a 0.70±0.15a

Fluoranthene (FLTH) 2.79±3.80a 2.77±3.72a 2.86±3.80a 0.72±0.03b 0.43±0.02a 0.67±0.16b

Anthracene (ANTH) 2.00±2.21a 1.90±2.12a 2.05±2.22a 0.13±0.02a 0.34±0.02ab 0.52±0.26b

Benzo[k]fluoranthene (B[k]F) ND ND ND 0.12±0.01a 0.13±0.02a 0.43±0.21b

Benzo[a]pyrene (B[a]P) 1.92±0.60a 2.19±0.19a 2.09±0.73a 0.11±0.01a 0.11±0.02a 0.41±0.23b

Chrysene (CHRY) 0.22±0.25a 0.15±0.14a 0.32±0.32a 0.77±0.02a 0.77±0.04a 0.68±0.18a

Benzo[a]anthracene (B[a]A) 1.01±0.78a 1.01±0.76a 1.11±0.83a ND ND ND

Indeno[1,2,3-cd] pyrene 1.25±0.56a 1.20±0.68a 1.41±0.64a ND ND ND

Benzo[b]fluoranthene (B[b]F) ND ND ND 0.06±0.01a 0.16±0.02a 0.44±0.12b

Dibenzo[a,h]anthracene 

((D[ah]A))

0.07±0.12a 0.08±0.13a 0.08±0.14a 0.33±0.03a 0.21±0.02a 0.63±0.22b

Benzo[g,h,i]perylene (B[ghi]P) ND ND ND ND ND ND

ND: Not Detected. Mean ± S.D with different superscripts across rows are significantly different

The European Commission has set maximum allowable levels for certain PAHs in food to protect 
public health. Specifically, the limit for Benzo[a]pyrene (BaP), a known carcinogen, is 2 µg/kg, while 
the combined limit for four PAHs (PAH4: Benzo[a]anthracene, Chrysene, Benzo[b]fluoranthene, and 
Benzo[a]pyrene) is 12 µg/kg (Iwegbue et al., 2015).
In Clarias gariepinus, the BaP concentrations ranged from 1.92±0.60 µg/kg to 2.19±0.19 µg/kg, 
which is at and slightly above the regulatory limit. In contrast, Merluccius merluccius had significantly 
lower BaP levels, ranging from 0.11±0.01 µg/kg to 0.41±0.23 µg/kg, well within the acceptable limit. 
These findings indicate that Merluccius merluccius poses a lower carcinogenic risk compared to 
Clarias gariepinus marketed in Ekiti State.
The PAH4 concentrations in Clarias gariepinus did not exceed the European Commission's threshold 
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of 12 µg/kg, with values for individual PAH compounds such as Chrysene and Benzo[a]anthracene 
remaining within safe limits. Merluccius merluccius also demonstrated compliance with safety 
standards, with Chrysene levels ranging from 0.68±0.18 µg/kg to 0.77±0.04 µg/kg and 
Benzo[b]fluoranthene levels from 0.06±0.01 µg/kg to 0.44±0.12 µg/kg.

Table 2: PAH4 Concentration in fish samples commonly marketed in Ekiti State

Clarias gariepinus Merliccius merliccius

Compounds Sample A

(µg/kg)

Sample B

(µg/kg)

Sample C

(µg/kg)

Sample A

(µg/kg)

Sample B

(µg/kg)

Sample C

(µg/kg)

Benzo[a]pyrene (B[a]P) 1.92±0.60a 2.19±0.19a 2.09±0.73a 0.11±0.01a 0.11±0.02a 0.41±0.23b

Chrysene (CHRY) 0.22±0.25a 0.15±0.14a 0.32±0.32a 0.77±0.02a 0.77±0.04a 0.68±0.18a

Benzo[a]anthracene (B[a]A) 1.01±0.78a 1.01±0.76a 1.11±0.83a ND ND ND

Benzo[b]fluoranthene (B[b]F) ND ND ND 0.06±0.01a 0.16±0.02a 0.44±0.12b

TOTAL 3.15 3.35 3.52 0.94 1.04 1.53

ND: Not Detected. Mean ± S.D with different superscripts across rows are significantly different

The total PAH concentrations (? 16 PAHs) observed in this study align with findings from other research. 
Iwu et al., (2024) reported mean concentrations of PAH markers B[a]P and PAH4 exceeding EU limits in 
smoked and grilled fish species in Nigeria. Similarly, Tongo et al., (2017) recorded high levels of PAH, 
particularly B[a]P, above recognized limits in smoked Clarias gariepinus examined in Southern Nigeria 
which can be as a result of the high fat content. Studies from various regions have documented differing 
PAH concentrations, highlighting the widespread presence of these pollutants in processed products.
The presence of PAHs in Clarias gariepinus and Merluccius merluccius underlines the need for regular 
monitoring and swift change to modern processing methods while adhering to food safety regulations. 
While the concentrations found in Merluccius merluccius are generally within safe limits, the levels in 
Clarias gariepinus warrant attention to minimize potential health risks.

CONCLUSION
The analysis highlights the urgent need for action to address the health risks associated with traditional fish 
processing methods. The findings emphasized the potential hazards of polycyclic aromatic hydrocarbon 
(PAH) exposure in smoked fish processed using traditional wood-smoking techniques, particularly in 
communities where such fish forms a dietary staple. As a result, there is a critical need for the introduction 
and adoption of modern smoking kilns, which have proven to significantly reduce PAH levels. 
Additionally, empowering fish traders through training and subsidies to transition to these improved 
technologies is essential. Governmental regulatory oversight and structured intervention programs must 
be established to ensure widespread adoption of safer processing techniques. Future research should focus 
on refining smoking methods to balance efficiency, cost, and safety while regular surveillance is conducted 
to monitor adherence to food safety standards, ensuring consumer health protection.
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INTRODUCTION
Smoked fish product is considered a delicacy in Nigeria; however its quality is of concern to consumers 
who most often trust fish handlers like the fishermen, processors and traders with the healthy 
condition of the fish that they consume. Smoking, drying, marinating, and salting are the most 
common traditional methods of preservation (Taherzadeh-Shalmaei et al., 2021). 
Like all food products, fish, is composed of biological raw materials which inherently spoil and deteriorate 
overtime (Ahmad et al., 2021). Fish processing is done to ensure a longer shelf life and convert the raw fish 
into a form that will still be acceptable to the consumers. In addition to increasing the shelf life of fishery 
products, processing is carried out to increase value and product quality. Processing activities are aimed at 
increasing the added value of a fishery product and the launch of various types of processed products that 
are more valuable and appealing to domestic as well as the international market (Indrajit et al., 2022). 

ABSTRACT
The sensory/organoleptic quality of smoked Clarias gariepinus was 
studied after curing with spices; salt, ginger, garlic, turmeric, a 
combination of ginger and garlic, ginger and turmeric and garlic and 
turmeric at different concentration (10g, 20g and 30g) respectively. 
One hundred and five kilogram (105 kg) of fresh C. gariepinus was 
distributed at 15kg per treatments and cut into chunks of near equal 
sizes each. The study comprised of seven (7) treatments T1 (Salt 
cured), T2 (Ginger cured), T3 (Garlic cured), T4 (Turmeric), T5 
(Ginger and garlic cured) T6 (Ginger and turmeric cured) and T7 
(Garlic and turmeric cured) C. gariepinus respectively. Salt cured C. 
gariepinus scored the highest mean for appearance at 20g concentration 
(4.08) followed by Ginger cured at 20g (3.88); for texture, ginger- 
cured recorded the mean sensory value (4.16) at 20g concentration 
followed by garlic and turmeric cured C. gariepinus at 20g 
concentration (4.08) respectively. Ginger cured treatment recorded 
the highest mean sensory value for taste (4.22) at 20g concentration 
followed by ginger and garlic cured treatment (4.1) at 30g 
concentration while the highest sensory mean value for flavour was the 
garlic and turmeric cured treatment (3.96) at 10g concentration 
followed by ginger turmeric (3.92) at 20g concentration. Conclusively, 
to increase the shelf life of smoked C. gariepinus, it is recommended 
that mixed spices of ginger and garlic, ginger and turmeric and or garlic 
and turmeric be used before smoking.

Keywords:
Sensory-evaluation,
smoked, Clarias
gariepinus, ginger,
garlic, turmeric,
preservative.
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Reports have it that spices are commonly used as curing agents in a variety of food products as; anti-
inflammatory, anti-cancer and anti-microbial agents. Many spices including cloves, cinnamon, black 
pepper, turmeric, ginger, garlic and onions exhibit oxidative activities and inhibit the microbial growth in a 
variety of foods (Al-Jalay et al., 1987; Jurdi Haldeman et al., 1987). 

MATERIALS AND METHODS
Experimental setup/sample preparation
One-hundred and five kilogram (105 kg) samples were divided into seven (7) treatments in three (3) 
concentrations including a control; each treatment consisted of 15kg making a total of 105kg table size 
Clarias gariepinus. Each group of fish (5kg) were gutted and cut into chunks of near equal sizes and 
washed thoroughly under clean tap water to remove fish slime, sand and fish visceral. 
The test spices (ginger, garlic, and turmeric) were crispy dried, ground into powder, and placed in 
containers separately in preparation for the study and thereafter 10g, 20g, and 30g of each of the 
ground spices were weighed using a sensitive scale (Atom A 122 Electronic kitchen digital weighing 
scale, model SF: 400A). Each of the weighed spices was mixed in a litre of water) separately and 
thereafter each fish treatment samples were immersed in the solution for two hours respectively and 
tagged. Smoking was carried out at the processing unit of the Department of Aquaculture and Fisheries 
Management, Nasarawa State University, Shabu Campus Lafia. The tagged cured fish were smoked in 
a gas kiln for nine hours (9 hours) under low heat to reduce the water activity after which the smoked 
fish products were left to cool inside the smoking kiln for two hours (2h); and thereafter the cooled 
smoked product was packed and labelled respectively. 
The first sample treated with brine solution served as the control. 

Sensory evaluation
The smoked fish products were subjected to sensory evaluation using descriptive test based on 5-point hedonic 
scale modified from Sadasivam and Manickam (1996) to evaluate for appearance, texture, taste and flavour. 
One hundred panellists were drawn in clusters from Staff and Student of Faculty of Agriculture 
Nasarawa State University, Keffi, Shabu campus and College of Agriculture Science and Technology 
Lafia, Nasarawa State Nigeria for the evaluation. Fish samples were given out with questionnaires for 
the panellists to evaluate and fill the products score based on how it appealed to their senses as 
indicated above, using the five (5) scale rating: in the following order 5 (like extremely), 4 (like very 
much), 3 (like moderately) 2 (like slightly) 1 (neither like nor dislike). The mean obtained from the 
evaluation was calculated by weighing the various hedonic modes, accordingly in the following order; 
5+4+3+2+1 = 15/5 = 3. Using the interval of 0.05, the upper limit was 3.00 + 0.05 = 3.05, while 
the lower limit was 3.00 – 0.05 = 2.95.  
Decision rule: the following decision rule was used to determine the acceptability of the product or 
not; any mean of sensory parameter score equal or less than 2.95 were considered not important while 
mean equal or greater than 3.00 were considered very important.
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RESULT 
Table 1: Comparative evaluation of the sensory mean values recorded for the various treatments

Parameter Treatments Mean Sensory score Ranking Remark 

Appearance T1 4.08    (20g)             1 Accepted 

T2 3.86    (20g) 3 Accepted 

T3 3.68    (30g) 5 Accepted 

T4 3.74    (20g) 4 Accepted 

T5           3.58    (30g) 6 Accepted 

T6 3.88    (20g) 2 Accepted 

T7 3.68    (10g) 5 Accepted 

Texture T1 3.76    (30g) 4 Accepted 

T2 4.16    (20g) 1 Accepted 

T3 3.8      (10g) 3 Accepted 

T4 3.8      (10g) 3 Accepted 

T5            3.66    (10g) 5 Accepted 
T6 3.62    (10g) 6 Accepted 

T7 4.08    (20g) 2 Accepted 

Taste T1 4          (20g) 3 Accepted 

T2 4.22     (20g) 1 Accepted 

T3 3.6       (10g) 6 Accepted 

T4 3.78     (20g) 4 Accepted 

T5          4.1       (30g) 2 Accepted 

T6 3.78      (20g) 4 Accepted 

T7 3.68      (30g) 5 Accepted 

Flavour T1 3.78      (30g) 3 Accepted 

T2 3.78     (10g) 3 Accepted 

T3 3.7       (20g) 4 Accepted 

T4 3.54     (10g) 5 Accepted 
T5          3.48     (30g) 6 Accepted 
T6 3.92     (20g) 2 Accepted 
T7 3.96     (10g) 1 Accepted 

Keys: TI (salt cured), T2 (ginger cured), T3 (garlic cured), T4 (Turmeric cured), T5 (ginger and garlic 
cured), T6 (ginger turmeric cured), T7 (garlic turmeric cured), Acceptable decision rule: mean below 
2.95 were considered (not important) and  rejected while mean 2.95-3.05 were considered (very 
important) and accepted

DISCUSSION
The results on sensory (organoleptic) evaluation showed a high acceptance of the C. gariepinus smoked 
product treated with different concentrations of ginger, garlic and turmeric as well as samples treated with salt 
among the respondents. This study showed that the spices have effects on consumer's acceptance of smoked 
C. gariepinus. Ginger, garlic and turmeric have some anti-oxidative effects of smoked C. gariepinus 
There was also a high acceptance of the   ginger, garlic and turmeric cured samples as shown in all the 
sensory parameters except for 30g concentration of combined garlic and turmeric whose mean sensory 
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score falls below the acceptable range. Generally, the sensory mean value fluctuates as the 
concentration of the spices increases. 
The high mean values recorded for ginger in this study for texture and taste at 20g respectively agrees 
with the findings of Kumolu-Johnson and Ndimele (2011) as well as Jerimoth et al., (2021) where 
panellists rated the sensory values of C. gariepinus treated with ginger better than untreated sample for 
all parameters except for texture where the findings in this work disagrees with that of Jerimoth et al., 
(2021) where panellists rated ginger treated sample low for texture. The high sensory mean recorded 
in this study is also generally attributed to the addition of spices which have been proven to increase 
sensory value of foods, this agrees with Agbontale et al., (2020), who opined that natural flavoured 
smoked catfish taste better. 

CONCLUSION
To prevent post-harvest losses, effectiveness of salt, ginger, garlic and turmeric as preservatives on the 
proximate, microbial and sensory quality of smoked C. gariepinus were investigated initially after treatments 
finally after storage for two months, with a view to extend its shelf life as well as consumer acceptance. 
The result on sensory evaluation report by 100 member panellist showed highest mean sensory acceptance values 
for appearance, texture, Taste and flavour from the various spices used in the various treatment samples. 

RECOMMENDATIONS 
Based on the findings in this study, the following recommendation are made
Combination of natural spices should be used in fish curing during fish post-harvest handling based on 
consumers' preference.
Awareness programme on beneficial uses of these spices for public use should be funded by the 
Government through the extension officers in government parastatals or non-governmental 
organisation (NGOs) 
The preservation and processing of fishes should be taken seriously by fish handlers so as to prevent 
postharvest and economic losses.
Further research should be carried out on the phyto-chemical and medicinal properties of these spices 
on fish postharvest handling as well as investigation of factors and their combinations in order to 
achieve stable quality of smoked fish.
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INTRODUCTION
Aquaculture is a fast-growing industry in Nigeria with the African Catfish (Clarias gariepinus) accounting 
for around 60% of Nigeria's aquaculture output (FCWC, 2022). It has over the years gained much 
popularity with fish farmers in Nigeria because of its Rapid growth rate and high selling price, good feed 
conversion ratio, resistance to disease infection, hardiness and ability to survive in adverse water 
conditions such as low dissolved oxygen concentrations and high turbidity (Oladipo and Bankole, 2013). 
Generally, microbial activity is the primary cause of quality deterioration in fish products leading to 
changes in sensory characteristics and limiting shelf-life. Enzymatic autolysis initiates quality 
degradation immediately after catch (Shamshad et al., 2022).The gap between the demand and supply 
of fish is widening due to poor post-harvest handling and lack of processing and storage facilities 
(Olufemi et al., 2015). Spoilage is a metabolic process that causes food to be undesirable or 
unacceptable for human consumption due to changes in sensory and nutritional characteristics from 
the point of view of health because the food has become a medium for the growth of pathogenic 
microorganisms (Sofos, 2020). Fish begins deteriorating immediately after being caught although the 
rate of deterioration depends on storage temperature, under partial freezing (0°C), storage life ranges 
from 12 to 20 days; at tropical ambient temperatures (20°C to 30°C) storage life can be as short as 6 to 
12 hours. Fish perishability is due to its high susceptibility to degradable organisms which are present in 
the slime, gills and intestine and on the surface of the fish (Oladipo and Bankole, 2013).

ABSTRACT
This study investigated the effects of different smoke sources (corn 
husk, firewood, and charcoal) on the nutritional value of African 
catfish (Clarias gariepinus). The research aimed to address the gap 
between fish demand and supply in Nigeria, primarily due to poor 
post-harvest handling practices. Catfish samples were smoked using 
different fuel sources namely; charcoal, firewood, cornhusk, electric 
oven (control), and then analysed for proximate composition and 
sensory attributes. Results showed significant differences (P<0.05) 
in moisture, crude protein, crude fat, ash content, crude fibre, and 
nitrogen-free extracts among the smoked catfish samples. The fish 
smoked with corn husks exhibited the highest protein content 
(54.55%) and lowest moisture content (6.97%), suggesting better 
preservation. Sensory evaluations revealed no significant differences 
(P>0.05) in colour, flavour, taste, and texture among samples 
smoked with corn husk, charcoal, and oven. However, firewood-
smoked fish had significantly lower sensory scores. In conclusion, 
corn husks emerged as a promising smoking material for preserving 
African catfish while maintaining its nutritional value and sensory 
appeal. This study contributes to improving post-harvest handling 
practices and promoting sustainable fish production in Nigeria.

Keywords:
Aquaculture, Microbial,
proximate Compositions
and Sensory Evaluation
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Both fresh and smoked catfish are relished and widely eaten across Nigeria either as main dishes or as 
flavouring ingredients. Nigerians are large consumers of catfish and it remains one of the main products 
consumed in terms of animal protein. It is cheap and highly acceptable, which gives it an advantage over 
pork or beef. Only about 50% of the demand for fish is currently being met by local supply (Aliyu et al., 
2024). Fish production contributes about 3.5% to Nigeria's total Gross Domestic Product (GDP) after 
the oil and gas industry (Tkaczewska et al., 2020). 
The aim of this research is to determine the effects of different smoke sources (corn husk, firewood 
and charcoal) on nutritional value of African catfish (Clarias gariepinus).

MATERIALS AND METHODS
Experimental Site and Sample Collection: The study was conducted at the fish farm complex of the 
Department of Fisheries and Aquaculture, Bayero University, Kano, Nigeria (11.977616°N, 
8.424571°E). Fresh African catfish (C. gariepinus) specimens, weighing approximately 0.25 kg each, 
were procured from Bae fish farm, Kankare, Kano State.
Experimental Design: A total of 8 kg of catfish was divided into four equal groups with 2 kg 
representing each group. The fish of Control Group were gutted, washed with clean water then oven-
dried at 70°C for 24 hours using a Crown Star electric oven (MDL:MC-EO782A) while the fish of 
group A, B and C treatments were smoked Using firewood, charcoal and corn husks respectively.
Smoking Process: Fish samples for treatment groups were also gutted and washed thoroughly to 
remove impurities. Smoking was carried out in a modified drum kiln using the designated fuel source at 
a temperature range of 70oC to 80oC until constant weight was achieved. The smoked fish were then 
cooled and packaged in transparent polyethylene bags.
Sample Preparation for Analysis: Samples of each treatment group, including the control, were 
subjected to crushing using a Crown Star electric blender and the representative of each treatment 
group was placed in a labelled plastic container for subsequent proximate analysis.
Proximate Composition Analysis: The proximate compositions of the fish samples were determined 
according to the Association of Official Analytical Chemistry (AOAC) method of analysis (2010) and 
parameters such as moisture content, crude protein, crude fibre, ash content, crude lipid and nitrogen 
free extracts were determined.
Sensory Evaluation: A sensory evaluation was conducted on the smoked catfish products from various 
smoking sources to assess colour, taste, flavour, texture, and overall acceptability. A ten-member 
trained sensory panel evaluated the samples using a standardized scoring method adapted from Eyo 
(2001). Smoked catfish samples were presented on individual plates, labelled with unique codes, and 
divided into smaller pieces. Toothpicks and water were provided for palate cleansing between 
evaluations. Panel members assessed each sample, rinsing their mouths with water between 
evaluations (except for colour assessment). Sensory attributes were evaluated using the 
predetermined scoring criteria.
Statistical Analysis: results obtained were subjected to one-way analysis of variance and this was done to 
check the significant difference (P<0.05) between the means of proximate compositions parameters of 
the smoked catfish with different sources of fuel. Fisher SLD post hoc was used to find treatment pairs 
with significant difference.  Kruskal-Wallis test was used as a nonparametric test to check the significant 
difference (P<0.05) between the sensory evaluation ranking of the fish treatment.

RESULTS AND DISCUSSION
The results for proximate compositions of the smoked catfish (C. gariepinus)are shown in Table 1. There 
were significant differences (P<0.05) in moisture, crude protein, crude fat, ash content, crude fibre and 
nitrogen free extracts of all the treatments. The protein content (54.55%) of the sample smoked with 
cornhusk was significantly higher (P<0.05) than that of fish from other fuel sources (charcoal and 
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firewood) while charcoal was significantly (P<0.05) the lowest.  However, the ranges of 42.50% to 
54.55% protein contents recorded from this study were in disagreement with that of Aliyu et al. (2024) 
who used charcoal and gas as fuel sources to evaluate smoked C. gariepinus and Tilapia. This may be due to 
the intensity of the heat generated in the kiln which in turn caused reduction in moisture content, 
increased in the crude protein of the fish smoked with Corn husks than firewood and cornhusk, even 
though they were subjected to the same length of smoking period as similarly observed by Ogbonnaya and 
Ibrahim (2009). Significant increase in protein level in smoked dried Catfish may lead to decrease in 
moisture content which might have been lost during smoking process and this finding agrees with that of 
Aliyu et al. (2024). Electric oven dried samples retained lower lipid content than smoking kiln dried 
samples which indicate that the fat loss phenomenon in electric oven was more intensive than in smoking 
kiln this statement is in contrary with the report of Ogbonnaya and Ibrahim (2009).
The mean scores obtained for sensory evaluations of catfish smoked with oven (control),charcoal and 
corn husk did not show significant difference (P>0.05) in colour, flavour, Taste and Texture while 
significance differences (P<0.05) are shown in the fish smoked with firewood as in Table 2. These 
were in agreement with the report of Samuel (2016) whose results showed no significant difference 
(P>0.05) among mean scores of the three samples of the fish smoked with Corn husks that were 
Characterized by smoked in terms of colour and texture. However, Samuel (2016) reported that 
smoked dried fishes had the most attractive colour against oven and sun dried samples.

Table 1: Proximate Compositions of Catfish (C. gariepinus) Smoked with Different Fuel Sources 

Parameter (%) Charcoal
(Mean±SEM)

Firewood
(Mean±SEM)

Corn husk
(Mean±SEM)

Oven 
(Mean±SEM)

Moisture 7.387±0.081b 8.26000±0.081a 6.967±0.081c 7.443±0.081b

Ash 7.587±0.012b 7.303±0.012c 7.273±0.012c 9.580±0.012a

Fat 16.067±0.026a 12.587±0.026c 15.167±0.026b 10.310±0.026d

CP 42.500±0.109d 47.127±0.109c 54.550±0.109a 48.743±0.109b

CF 1.317±0.015b 1.507±0.015a 1.227±0.015c 1.307±0.015b

NFE 25.143±0.169a 23.217±0.169b 14.817±0.169d 22.583±0.169c

Means in the same row having similar superscripts are not significantly different (p>0.05) from each other

Table 2: Results of the sensory attribute of the C. gariepinus Smoked with the Different Fuel Sources  

Parameter Charcoal Firewood Corn husk Oven Chi Square 
value

Mean Rank Mean Rank Mean Rank Mean Rank
Colour 20.3500a 17.9500a 23.5000a 20.2000a 1.2492
Taste 23.5000a 5.1111b 29.0000a 20.9000a 23.4585
Flavour 24.0500a 8.5500b 30.3500a 19.0500ab 19.7447
Texture 22.3000a 12.9000a 25.8000a 21.0000a 7.2521
Acceptability 24.0000ab 7.4000c 31.6000ab 19.0000bc 23.8220

Means in the same row having similar superscripts are not significantly different (p>0.05) from each other

CONCLUSION
The results from this study have shown that Corn husks is a good smoking material and its utilisation 
can  help in preventing deterioration of fresh fish. Nutritionally, fish smoked with  cornhusk has the 
highest crude protein composition. Findings from this study also revealed that Corn husks is better for 
smoking African catfish because it reduces the moisture content of the fish that could enhance 
spoilage. Corn husks also provide a good taste and promote appealing colour of the smoked African 
catfish. Above all, it promotes or raises the protein content of the smoked fish.
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INTRODUCTION
Sepia officinalis (cuttlefish) is an important demersal marine invertebrate found on the continental shelf, with 
global annual catches ranging from 11,000 to 15,000 tons (Santi et al., 2019). Mediterranean countries are the 
leading exporters of frozen cuttlefish. Its connective tissue is highly developed, and its lipid content is low, 
with omega-3 polyunsaturated fatty acids comprising the majority of the lipids. Nutrient composition in 
cuttlefish varies due to factors like species, size, sex, season, and processing methods such as boiling, frying, 
roasting (Gökoglu, 2021). Since fish is rarely consumed raw, these methods impact nutrient content, texture, 
and flavor. While data on raw Sepia species is available, limited information exists on processed cuttlefish. This 
study investigates the biochemicals and safety index of minerals of raw and processed Sepia officinalis in 
Nigeria to highlight its nutritional significance for human health.

MATERIALS AND METHODS
Study Site
Cuttlefish samples were obtained from Ajeloro Fish Market, Apapa, Lagos, Nigeria. The fish was washed, 
cut into 50 g pieces, and rinsed again with distilled water. Samples were divided into two parts: one was 
analyzed raw, while the other part was deep-fried in vegetable oil at 240°C for 15 minutes. No additional 
ingredients were used during processing. All samples were homogenized before analysis.
Laboratory Analysis 
Proximate analysis followed standard procedures (AOAC, 2000). Moisture content was measured by 
drying fish muscle samples at 102-105°C for 24 hours. Ash content was determined by incinerating 5 g 
samples at 600°C for 8 hours. Crude fat was assessed using the Soxhlet extraction method with n-hexane. 

ABSTRACT
Cuttlefish is one of the most important demersal marine 
invertebrates, rich in taste and has few inedible parts. This study 
evaluates the nutrients, non-nutritional factors, oleic acid, 
cholesterol, and mineral safety index (MSI) of raw and processed 
(fried) Sepia officinalis (cuttlefish) using standard methods. Raw 
cuttlefish had higher moisture, protein, and mineral levels (calcium, 
phosphorus, magnesium, iron, and manganese), while processed 
samples had increased fat, cholesterol, and oleic acid content. 
Processing reduced anti-nutritional factors like trypsin inhibitor, 
phytate, and oxalate. The calcium-to-phosphorus ratio exceeded the 
ideal range of 1.5–3.6 in both raw and processed samples, while other 
mineral ratios were within acceptable limits. All minerals had MSI 
values below tabulated standards, with positive percentage 
differences ranging from 7.8% to 99.55%. These findings suggest that 
consumption of S. officinalis from the study area poses no risk of 
mineral overload and highlight its nutritional value.

Keywords:
Biochemical Composition,
Mineral Safety Index,
Cuttlefish, Seafood Safety,
Toxicological Implications
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Protein content was estimated by multiplying nitrogen content by 6.25, and total carbohydrates were 
calculated by subtracting the sum of moisture, protein, lipids, and ash percentages from 100%.
The estimation of anti-nutritional contents was by the colorimetric procedure, cholesterol was 
measured with Liebermann-Burchard reagent, and free fatty acids were analyzed following the 
modified methods by Enujiugha and Olagundoye (2001). Mineral analysis involved wet-ashing 
samples, dissolving the ash in de-ionized water and hydrochloric acid, and using Atomic Absorption 
Spectrophotometry. Phosphorus was determined using the Vanado Molybdate method. All 
determinations were performed in triplicate.
Statistical Analysis
The result was analyzed using Microsoft Excel and STAT 7.0 statistical package.

RESULTS AND DISCUSSION
Biochemical Composition 
The summary of the biochemical compositions is shown in Figure 1. The moisture and crude protein 
contents for raw sample of cuttlefish were significantly higher (P < 0.05) than that of the processed 
sample, whereas, the crude fat was significantly higher in the processed sample (22.39±0.54%) than the 
raw sample (16.24±0.10%). The raw sample had higher ash content than the processed form due to the 
degradation of minerals under heat, which reduced ash content in the fried product. Crude fibre was not 
detected in the cuttlefish samples. The cholesterol (1.037±0.02 mg/100g) and oleic acid (4.47±0.10%) 
contents increased during processing due to lipid absorption from the frying oil, which enhanced their 
concentrations in the fried product. Frying decreases the moisture content and results in desirable 
nonenzymatic browning reactions but increases the crude fat content of the cuttlefish. Ash, a measure of 
the mineral content of food item indicates that the cuttlefish is a good source of minerals. The significant 
crude protein decrease in the processed sample is in agreement with the report of Okpanachi et al. (2018) 
and suggested protein leaching and denaturation. The amount of carbohydrate obtained in this study was 
higher than the amount reported for Sepia esculenta (Lee et al., 2019), which might be due to genetical 
factors as well as extrinsic factors (such as feeding regimes,  change in some structural and flesh quality 
parameters of the two cuttlefish species). On the cholesterol and oleic contents, similar observation was 
reported by Ozogul et al. (2015) that frying process significantly reduces the sterol content of some 
selected mollusc except for common cuttlefish. 
The antinutrient content was significantly higher in raw sample than the fried sample, it is likely that 
frying plays a role in reducing the levels of oxalate (20.27), phytate (3.4) and trypsin inhibitor (9.71) 
available in cuttlefish. Farinde et al. (2018) indicated a significant reduction in phytate and trypsin 
inhibitor contents after cooking, which is in agreement with this research. Generally, processing 
reduced the level of all the antinutrients analyzed to their permissible levels.
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Fig. 1: Biochemical composition of raw and processed Common Cuttlefish (Sepia officinalis)
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Mineral Ratio and Safety Index 
The ratio of the minerals in the common cuttlefish is shown in Table 1. Ca/P was higher than the ideal 
range of 1.5–3.6 in both samples, while other ratios were within and below the appropriate ideal range, as 
reported in the raw and grilled meat of C. amartum (Moruf et al., 2021). The above ideal range result 
could result from a naturally high calcium content in cuttlefish tissue relative to phosphorus. This 
imbalance may also be influenced by the retention of calcium during frying, which concentrates its levels 
due to moisture loss and the relatively stable nature of calcium compared to phosphorus under heat 
processing. The interaction of sodium and potassium (whose ratio is also below the appropriate ideal 
range), is integral to maintaining healthy blood. According to McDonough et al. (2017), raising the dietary 
potassium to sodium ratio to the recommended level helps reduce heart and kidney disease. 

Table 1: Mineral Ratio in the Common Cuttlefish, Sepia officinalis

Parameter
Reference 

value
Acceptable 
ideal range

Raw Processed Mean SD CV%

Ca/Mg 7 3 to 11 0.93 0.98 0.95 0.04 4.01

Ca/K 4.2 2.2 to 6.2 5.26 3.49 4.88 6.21 78.80

Ca/P 2.6 1.5 to 3.6 5.95 5.77 5.96 0.19 0.31

Na/K 2.4 1.4 to 3.4 3.07 2.60 3.24 0.90 27.79

Na/Mg 4 2 to 6 0.29 0.73 0.51 0.31 60.60

Keys: Standard deviation (SD), Coefficient of variation per cent (CV %). Source for Reference value: 
Watt (2010).

The values of the mineral safety index (MSI) in the common cuttlefish are shown in Table 2. The 
standard MSI tabulated for the investigated minerals are Ca (10), Mg (15), P (10) and Na (4.8). In this 
study, all the minerals had MSI calculated values lower than the MSI tabulated, thereby showing 
positive percentage differences, ranging from 7.8 to 99.52 and 18.58 to 99.55 for raw and processed 
samples respectively. The result indicates that the consumption of the common cuttlefish from the 
study area will not cause mineral overload. This result corroborates the report of the caridean species, 
Macrobrachium macrobrachion from the same region, where its consumption would not constitute 
mineral overload (Moruf and Akinwunmi, 2022).

Table 2: Mineral Safety Index (MSI) in the Common Cuttlefish, Sepia officinalis

Mineral
RAI 
(mg)

MSItv
Raw Processed

Mean SD CV%
MSIcv %D MSIcv %D

Ca 1200 10 2.85 71.49 2.66 73.35 2.76 0.13 4.79

Mg 400 15 13.83 7.8 12.21 18.58 13.02 1.14 8.78

P 1200 10 0.05 99.52 0.04 99.55 0.05 0 5.1

Na 500 4.8 1.04 78.39 2.29 52.31 1.66 0.89 53.23

Keys: MSIcv= Calculated value of Mineral Safety Index, MSItv= Tabulated value of Mineral Safety 
Index, SD= Standard deviation, %D= Percentage Difference, CV%= Coefficient of variation

CONCLUSION 
This study demonstrates that Sepia officinalis (cuttlefish) is a nutritionally valuable marine species, 
offering high levels of protein, essential minerals, and beneficial fatty acids, particularly in its raw form. 
While frying increases fat and cholesterol content, it also reduces anti-nutritional factors such as trypsin 
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inhibitor, phytate, and oxalate. The mineral safety index (MSI) values for all tested minerals were below 
tabulated standards, indicating no risk of mineral overload from consuming cuttlefish. These findings 
underscore the species' potential as a healthy food source, particularly in processed food applications.
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INTRODUCTION
Marine fish are a vital source of nutrients, especially in coastal areas where they are a staple in the local diet. 
According to Ogundiran (2014), the marine fish is generally cheaper and more abundant when compared 
with fresh water fishes, which are relatively more expensive in Nigeria. Understanding the nutritional 
composition of commercially available marine fish is important for public health and food security. Scomber 
scombrus (Atlantic mackerel) and Pseudotolithus typus (Longneck croaker) are widely consumed in Nigeria 
due to their availability and affordability. Nutritional value of fish can vary between species, influenced by 
factors such as habitat, feeding habits, and environmental conditions (Ahmed et al., 2022). 
Despite the widespread consumption of these marine fishes, there is limited comprehensive data on their 
proximate and mineral compositions, which are crucial for informed dietary choices and nutrition planning 
(Abimbola, 2016; Opeyemi, 2020; Ogbe and Omada, 2020). Given the importance of fish in addressing 
protein deficiency and malnutrition in Nigeria, a detailed comparative analysis of these species is necessary. 
This study aims to fill the knowledge gap by evaluating and comparing the proximate and mineral profiles of 
these two commercially significant fish species- S. scombrus and P. typus, providing valuable insights into their 
nutritional benefits, guide consumers choices, and support the fisheries industry.

MATERIALS AND METHODS
Study Site
The fish samples (S. scombrus and P. typus) were obtained from Makoko Jetty of the Lagos Lagoon. 
The lagoon lies between latitudes 6º 26'  and 6º 39' N and longitudes 3º 29'  and 3º 50' E. The Lagos 

ABSTRACT
The proximate and mineral compositions of Scomber scombrus and 
Pseudotholitus typus in Lagos were investigated using standard 
techniques. The moisture content was 58.12±0.37% in S. scombrus 
and 75.28±1.22% in P. typus. Crude protein content showed no 
significant difference, with S. scombrus at 15.01±0.60% and P. typus 
at 13.87±1.38%. The highest crude fat was found in S. scombrus. 
Crude fiber was detected only in S. scombrus (2.04±0.02%), while 
ash was similar between the species. Carbohydrate content was 
significantly higher in S. scombrus (7.42±0.56%) and P. typus 
(7.29±1.28%). Total metabolisable energy was higher in S. scombrus 
with the value of 149 kcal 100g-1. The highest proportion of energy 
contribution was from protein in both S. scombrus and P. typus at 60 
kcal 100g-1 and 55 kcal 100g-1 respectively. P. typus had the highest 
total macro element content (790.23 mg 100g-1). Mineral content 
followed the pattern: K > P > Na > Mg > Ca in both species. The 
study highlights the positive relationship between proximate 
composition and mineral content in these marine fish species.

Keywords:
Biochemical profile,
marine fish, mineral
element, Lagos Lagoon,
Nigeria
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Lagoon is a part of a continuous system of lagoons and creeks' lying along the coast of Nigeria and it is an 
open tidal estuary situated within the low-lying coastal zone of Nigeria (Moruf and Lawal-Are, 2017). 
The samples were transported in a 20 L bucket to the laboratory and processed within 4 hours of the 
collection. The fresh samples were identified using Identification Guides (Schneider, 1990)
Laboratory Analysis 
Proximate analysis followed standard procedures (AOAC, 2006). Moisture content was measured by 
drying fish muscle samples at 102-105°C for 24 hours. Ash content was determined by incinerating 5 g 
samples at 600°C for 8 hours. Fat was assessed using the Soxhlet extraction method with n-hexane. 
Protein content was estimated by multiplying nitrogen content by 6.25, and total carbohydrates were 
calculated by subtracting the sum of water, protein, lipids, and ash percentages from 100%. Mineral 
analysis involved wet-ashing samples, dissolving the ash in deionized water and HCl, and using Atomic 
Absorption Spectrophotometry. Phosphorus was determined using the Vanado Molybdate method. 
Determinations were performed in triplicate.
Statistical Analysis
The result was analyzed using Microsoft Excel and STAT 7.0 statistical package.

RESULTS AND DISCUSSION
Proximate Composition 
The summary of the proximate composition is shown in Table 1. The percentage protein (15.01±0.6), 
crude fat (16.57±1.05), crude fibre (2.04±0.02) and carbohydrate (7.42±0.56) content were higher 
in S. scombrus while P. typus had higher total ash content (1.20±0.61). However, these values were 
higher to that reported by Lawal-Are et al. (2018) for the whole body (69.55 ± 2.93 %) of Squilla 
aculeata calmani from the same habitat. The crude protein contents for both S. scombrus (15.01±0.60 
%) and P. typus (13.87±1.38 %) are similar to that reported for raw (16.02±2.24 %) and grilled 
(14.98±1.12 %) Cardisoma armatum by Moruf et al. (2021a). The protein content of the studied fish 
species showed no significance difference (P > 0.05) when compared. Crude fibre was only detected 
in S. scombrus with the value of 2.04±0.02 % similar to 2.47 % reported for flesh of Panulirus regius 
from Lagos Atlantic Ocean (Moruf et al., 2021b). 

Table 1: Proximate composition of two commercial marine fish species Scomber scombrus and 
Pseudotholitus typus in Lagos, Nigeria

Parameters (%) Scomber scombrus Pseudotholitus typus P-Value

Moisture 58.12±0.37a 75.28±1.22b 0.04*

Protein 15.01±0.6a 13.87±1.38a 0.10

Crude Fat 16.57±1.05a 2.35±0.55b 0.03*

Crude Fibre 2.04±0.02a 0.00±0.00b 0.04*

Total Ash 0.85±0.06a 1.20±0.61a 0.13

Carbohydrate 7.42±0.56a 7.29±1.28a 0.51

*: Significant difference (P < 0.05)

Table 2 shows the result of the percentage energy contribution by nutrients. Total metabolizable energy 
was higher in S. scombrus with the value of 149 kcal 100g-1. The highest proportion of energy 
contrition was from protein (PEP) in both S. scombrus and P. typus at 60 kcal 100g-1 and 55 kcal 100g-
1 respectively. kJ) with 5.12 CV%. The trend of energy contribution, PEP > PEF > PEC is comparable 
to the pattern in the Royal Spiny Lobster, Panulirus regius (Moruf et al., 2021b).
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Table 2: Compositional energy values in two commercial marine fish species Scomber scombrus and 
Pseudotholitus typus in Lagos, Nigeria

Parameter Unit
Scomber 
scombrus

Pseudotholitus 
typus

Mean SD CV%

Total Energy, E kcal 100g-1 149 106 127.32 30.45 23.91

PEF % (kcal 100g-1) 16.3 (59) 6.0 (21) 11.15 7.34 65.83

PEC % (kcal 100g-1) 8.2 (30) 8.2 (29) 8.21 0.01 0.13

PEP % (kcal 100g-1) 16.6 (60) 15.6 (55) 16.11 0.68 4.2

UEDP% kcal 10 9.4 9.66 0.41 4.2

Keys: SD= Standard deviation, CV%= Coefficient of variation

Mineral Profile 
The result of the mineral content is presented in Table 3. The highest total macro element was recorded in P. 
typus (790.23 mg 100g?¹). Potassium was the most concentrated mineral in S scombrus and P. typus, with 
respective values of 371.72±1.06 mg 100g?¹ and 328.61±0.61 mg 100g?¹. The mineral content pattern in 
both fish speacies was Potassium > Phosphorus > Sodium > Magnesium > Calcium. Phosphorus was 
significantly higher (P<0.05) in P. typus. This result aligns with Ogundiran (2014), highlighting marine fish 
species in southwestern Nigeria as a good source of macro minerals for human health.

Table 3: Mineral profiling of some selected commercial marine fin fish species in Lagos, Nigeria

Parameters 
(mg 100g-1)

Scomber scombrus Pseudotholitus typus P-Value

Calcium 12.43±3.18a 12.96±3.30a 0.08

Magnesium 78.31±1.6a 86.31±1.52a 0.10

Potassium 371.72±1.06a 328.61±0.61a 0.13

Phosphorus 215.11±3.55a 267.21±2.24b 0.04*

Sodium 89.17±27.97a 95.14±15.51a 0.13

Total 766.74 790.23 0.51

        *: Significant difference

Tables 4 and 5 display the correlation matrices between the proximate and mineral compositions of S. 
scombrus and P. typus. In both cases, there were nearly perfect positive relationships between proximate 
and mineral components. In S. scombrus, crude fiber exhibited strong correlations with calcium (0.99), 
magnesium (1.00), potassium (0.95), phosphorus (1.00), and sodium (0.97) at the 0.05 significance level, 
which was similar for ash content. In P. typus, fat and carbohydrate contents showed positive correlations 
with all minerals, except for potassium (-0.11). These findings align with the report on macro and micro-
nutrients in the flesh of C. amnicola from Southwest Nigeria (Moruf et al., 2019). 
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Table 4: Correlation coefficient between the proximate and mineral compositions in Scomber scombrus

Moisture Protein Fat Fibre Ash NFE Ca Mg K P Na

Moisture 1
Protein 0.94 1
Crude Fat -0.92 -0.72 1

Crude Fibre 0.12 -0.24 -0.5 1

Total Ash 0.74 0.46 -0.95 0.75 1
NFE -0.02 -0.37 -0.37 0.99 0.65 1
Ca -0.04 -0.39 -0.36 0.99 0.64 1 1
Mg 0.2 -0.16 -0.57 1 0.8 0.98 0.97 1
K 0.41 0.07 -0.74 0.95 0.91 0.9 0.9 0.97 1
P 0.07 -0.28 -0.46 1 0.72 1 0.99 0.99 0.94 1
Na 0.36 0.02 -0.7 0.97 0.89 0.92 0.92 0.98 1 0.96 1

Table 5: Correlation coefficient between the proximate and mineral compositions in Pseudotholitus typus

Moisture Protein Fat Ash NFE Ca Mg K P Na

Moisture 1
Protein -0.55 1
Fat -0.93 0.82 1
Total Ash 0.95 -0.78 -1 1
NFE -0.42 -0.53 0.05 -0.11 1
Ca 0.85 -0.9 -0.99 0.97 0.12 1
Mg 0.82 -0.93 -0.97 0.96 0.17 1 1
K 0.95 -0.78 -1 1 -0.11 0.97 0.96 1
P 0.89 -0.87 -0.99 0.99 0.05 1 0.99 0.99 1
Na 0.85 -0.91 -0.98 0.97 0.13 1 1 0.97 1 1

CONCLUSION 
Scomber scombrus and Pseudotholitus typus demonstrate valuable nutritional profiles, particularly in 
protein and mineral content, making them significant contributors to a healthy diet. Their distinct 
compositions and energy contributions emphasize their potential for diverse dietary applications.
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INTRODUCTION 
Fish oil is an extractable product from marine fish and freshwater fishes' tissues and wastes (fish by-
catches, fins, heads, bones, skin, and viscera that are not edible and underutilized) (Marak et al., 2020; 
Hashim et al., 2021; Mgbechidinma et al; 2023). The fatty acid composition of fish lipids are saturated 
fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA) (Marak 
et al., 2020; Bawlan and Saba, 2021) and it is highly recommended in human diet due to its richness in 
long chain omega 3 polyunsaturated fatty acids (LC ? -3 PUFA); eicosapentaenoic acid (EPA) and 
docosahexaenoicacid (DHA) (Bawlan and Saba, 2021). These are essential fatty acids (EFA) 
obtainable in human diet from fatty fishes, fish products or fish oil supplements.  Humans cannot 
synthesize them de novo but depend on dietary sources for their uptake (Gladyshev et al., 2012; Phung 
et al., 2020; Marak et al., 2020).The main dietary sources are the flesh of fatty fish such as sardine, 
herring, mackerel, menhaden, salmon, the liver of cod and the blubber of marine mammals such as 
seals and whales and over-the-counter fish oil supplements (Jairoun et al., 2020; Bawlan and Saba, 
2021). Fish oil/supplements are currently highly valued for their prophylactic and therapeutic 
properties in nutritional and human health fields (Bonilla-Méndez and Hoyos-Concha, 2018).  Studies 
have revealed the role of long chain omega-3 PUFAs is the treatment of cardiovascular  diseases, 

ABSTRACT
Fish oils contain essential fatty acids which are of benefits to human's 
health and aquaculture. The physicochemical properties and fatty 
acid composition of Clarias anguillaris oil (CAO), Synodontis 
membranacea oil (SMO) and Mormyrus rume oil (MRO) were 
determined in this study. Wet rendering method of extraction was 
used to obtain oil form the three fish species. The peroxide (1.95-
3.15 Meq/kg), iodine (126.39-146.96), total oxidation (7.96-10.30), 
vitamin A (1.15-3.09 µM) and vitamin E (17.60-23.32 µg/ml) values 
for CAO, SMO and MRO were within the CODEX standard; with 
omega 3 fatty acid constituent of 21.57%, 15.53% and 2.58% 
respectively. The major saturated fatty acids (SFA) in CAO, SMO 
and MRO was Palmitic acid (C16:0).  Oleic acid was the major 
monounsaturated fatty acids (MUFA) in CAO and SMO while in 
MRO; palmitoleic and oleic acid.   The highest polyunsaturated fatty 
acids (PUFA) in CAO are eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) while DHA and arachidonic acid in 
SMO and MRO respectively. CAO contains the highest percentage 
of unsaturated fatty acids (UFA), MUFA and omega-3 fatty acid.

Keywords:
Freshwater fish,
CODEX Standard,
Peroxide value,
PUFA, MUFA
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hypertension, diabetes,  arthritis,  depression,  migraines,  skin diseases  like  psoriasis,  eczema  and  
other inflammatory and autoimmune  disorders as  well as cancer (Parvarthy et al., 2016).  
The chemical composition and quality of fish oils depend on both the production process and quality of 
the raw material (EFSA, 2010).  In recent times, the focus of research due to the market demand for 
nutraceutical (such as oils rich in omega-3 fatty acids) in pursuit of a healthier life is targeted at the 
production of these functional foods.  Since population studies suggest regular consumption of small 
amounts of fatty fish or fish oil to promote health and the importance and applicability of fish oil in 
aquaculture, cosmetics, value added foods, biodiesel, pharmacological and other biotechnological 
industries have been overemphasized (Jayasinghe et al., 2013; Alfio et al., 2021; Amorim et al., 2021; 
Delgado et al., 2021; Karsli, 2021) there is need to investigate into fish of different species to evaluate 
their physicochemical properties and fatty acid composition. However, many of these researches are 
mainly on fish oils and fish oil supplements from marine fishes in temperate regions but there exist 
dearth of information on oils from fishes of freshwater origin, particularly from the tropics, hence the 
rationale to extract oil from Clarias anguillaris, Synodontis membranacea and Mormyrus rume.  
Clarias anguillaris, Synodontis membranacea and Mormyrus rume are species of freshwater fishes of 
the tropics belonging to the family Clariidae, Mochokidae and Mormyridae. They are widely 
distributed in water bodies in African and can be found in the Niger and Benue river systems in Nigeria. 
The aim of this study was to determine the physicochemical properties and fatty acid composition of 
oils extracted from Clarias anguillaris, Synodontis membranacea and Mormyrus rume.

MATERIALS AND METHODS
Fish Samples
Clarias anguillaris (Plate 1a), Synodontis membranacea (Plate 1b) and Mormyrus rume (Plate 1c) 
were used for this research.  Mormyrus rume, Synodontis membranacea were purchased from fisher 
folks at Kainji Lake Dam while Clarias anguillaris was purchased from Abdulsalam Fish Farm in Kainji 
and identified at the Fish Biology Section of the National Institute for Freshwater Fisheries Research, 
New- Bussa, Niger State using the taxonomic keys provided by Reeds et al. (1967).
Chemicals
The chemicals used in this study were of analytical grade.
Extraction of fish oil from the freshwater fishes
Fish oil was extracted from Clarias anguillaris, Synodontis membranacea and Mormyrus rume fish 
using the wet rendering method described by Okoth et al. (2015) with slight modification.  The fishes 
were thoroughly washed with clean water, de-headed, de-gutted and chopped with knife into smaller 
pieces. The pieces were rinsed to remove blood, strained and put to boil at 96 oC for 15 minutes. The 
cooked mass was poured into net sack to strain and loaded onto screw press machine to obtain the oil-
water fraction and the press-cake.  The oil-water fraction was sieved using clean Muslin cloth.  The oil 
was further separated by decantation and evaporation methods.  The oil was then sieved with 
Whatman No. 1 Paper and stored in air-tight bottles.

(c): Mormyrus rume(b)

   

Synodontis membranacea 

(a) Clarias anguillaris

Plate 1:Clarias anguillaris, Synodontis membranacea and Mormyrus rume fish and oils extracted
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Physicochemical Properties and Fatty Acids Composition Analysis
The physicochemical properties of the oils from Clarias anguillaris, Synodontis membranacea and 
Mormyrus rume were determined according to the following methods. The percentage oil yield 
(Gopakumar and Rajendranathan Nair, 1972), peroxide value (AOCS 2003), free fatty acid, density 
of the oil, acid value (AOCS, 1998), saponification value (AOCS, 1993), iodine value (AOCS, 1992). 
p-Anisidine value (AOCS, 2004), vitamin E content, Vitamin A content (Rutkowski et al., 2007), total 
oxidation (AOCS, 1998), Refractive index (AOAC, 2000), viscosity (Sathe and Salunkhe, 1981) and 
melting point (Regost et al., 2003).
Oil from Clarias anguillaris, Synodontis membranacea and Mormyrus rume were transesterified into 
fatty acid methyl ester (FAME).  Fatty Acid Methyl Esters (FAME) were identified and quantified 
with Gas Chromatography-mass spectrometry (GC-MS) (Park and Goins, 1994).
Statistical analysis
The results were analyzed statistically and data were expressed as mean ± SEM of three determinations or 
as percentages. Data were analysed with one way analysis of variance and Duncan multiple range test (IBM 
SPSS statistics, 2020).  Results were also compared with Codex (2017) fish oil standards.

RESULTS AND DISCUSSION
The physicochemical properties of the oils from Clarias anguillaris, Synodontis membranacea and 
Mormyrus rume are revealed in Table 1.  The peroxide value, acid value, free fatty acid, p-anisidine 
value and total oxidation value of the extracted oils were within the CODEX standards for fish oil 
(FAO/WHO 2017). The chemical and physical properties of the fish oils are used to determine their 
economic value and shelf-life quality (Endo, 2018). Fish oil consists of three major categories; 
saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids 
(PUFA) (Salih et al., 2021). According to Zhang et al. (2020) Palmitic acid (C16:0) contribute 
approximately 65% of the total saturated fatty acids in marine fish oils.  In this study, the main 
saturated fatty acids in oils from Clarias anguillaris, Synodontis membranacea and Mormyrus rume 
was palmitic acid (C16:0) consisting of 57.47%, 57.93% and 53.39% of the total saturated fatty acids 
respectively (Table 2). The highest MUFA content in Clarias anguillaris and Synodontis membranacea 
oil was oleic acid (C18:1) with 21.42% and 27.59% of the total fatty acid respectively, while 
palmitoleic (C16:1) with 15.96% and oleic acids (C18:1) with 15.80% were highest in Mormyrus 
rume oil. In this study, the percentage monounsaturated fatty acid in Clarias anguillaris oil compared 
favourably with the report of Guil-Guerrero et al. (2011) on the Mediterranean Hake oil 
(Merluciusmerlucius Mediterraneus) and Loftsson et al. (2016) on Cod (Gadus morhua) liver oil. The 
major PUFA content in Clarias anguillaris oil are Eicosapentaenoic acid, (EPA) with 9.16% and 
docosahexaenoic acid (DHA) with 9.42%; docosahexaenoic acid in Synodontis membranacea oil and 
arachidonic acid in Mormyrus rume oil with 7.31 and 2.43% respectively. 
Synodontis membranacea oil had the highest saturated fatty acid proportion while Clarias anguillaris oil 
had the highest percentage proportion of unsaturated fatty acid, omega-3 fatty acid and EPA + DHA and 
the smallest percentage proportion of omega-6 fatty acid (Figure 2). The difference in the fatty acid 
composition of the three fish species could be attributed to their feeding habits (Robert et al., 2014). 
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Table 1: Physicochemical properties of oil from Clarias anguillaris, Synodontis membranacea and 
Mormyrus rume

Physicochemical 
parameters

Clarias anguillaris 
oil

Synodontis 
membranacea oil

Mormyrus rume oil CODEX 
Standards 

Peroxide value (meqO2/kg) 2.77 ± 0.18 b 3.15 ± 0.01a 1.95 ± 0.00 c
= 5

Acid Value (mg/KOH) 0.2 ± 0.01 a 0.17 ± 0.01a 0.27 ± 0.00 a = 3
Anisidine value (AnV) 4.52 ± 0.13a 4.00 ± 0.09 a 4.06 ±  0.08 a = 20
TOTOX (2PV+AnV) 10.06  ± 0.49a 10.30 ± 0.11a 7.96 ± 0.08a = 26
Free Fatty Acid (FFA) 0.10 ± 0.01 a 0.08 ± 0.01a 0.13± 0.00a = 1.13
Iodine value (gI2/100g) 126.39 ± 8.44a 146.96 ± 11.06b 140.24 ± 5.41b

Saponification value 243.97 ± 4.75a 249.67 ±10.40a 233.27 ± 13.06ab

Refractive index > 1.4 a > 1.4 a > 1.4 a

Viscosity (%) 73.0 ± 0.00 a 74.5 ± 0.01a 73.5 ± 0.01 a

Specific gravity 0.92 ± 0.00 a 0.89 ± 0.00a 0.91 ± 0.00a

Density (g/L) 920.00 ± 0.00a 923.08± 0.00a 916.92± 0.00a

Melting point (oC) 35 -40c 35 - 52a 35 - 42b

Vitamin A (µM) 3.09 ± 0.00a 2.43 ± 0.00b 1.15 ± 0.00c

Vitamin E (µg/ml) 17.6 ± 0.00a 18.35 ± 0.00b 23.32 ± 0.00a

Data are expressed as mean ± SEM of three determinations. Values with superscripts a, b, c are 
significantly different (P > 0.05) across the row. TOTOX - Total Oxidation

Figure 1: Percentage proportion of fatty acids in oils from Clarias anguillaris, Synodontis 
membranacea and Mormyrus rume
CAO-Clarias anguillaris oil, SMO- Synodontis membranacea oil, Mormyrus rume oil, SFA- saturated 
fatty acids, MUFA- monounsaturated fatty acids, PUFA-Polyunsaturated fatty acids, UFA-
Unsaturated fatty acids, -3- Omega 3 fatty acids, -6- Omega 6 fatty acids, EPA-Eicosapentaenoic 
acid, DHA- Docosahexaenoic acid

? ?
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Table 2: Fatty acid composition of oil extracted from Clarias anguillaris, Synodontis membranacea 
and Mormyrus rume

Fish 
Specie

Saturated Fatty Acid (SFA) (%)

C14:0 C15:0 C16:0 C17:0 C18:0 ? SFA

CAO 5.41 - 11.00 - 2.73 19.14
SMO 3.81 2.02 21.14 1.64 7.88 36.49
MRO 5.18 - 13.86 - 6.92 25.96

Monounsaturated Fatty Acid (MUFA) (%)
C16:1 ? 7 C18:1 ? 9 C20:1 ? 7 C22:1 ? 9 ?  PUFA

CAO 9.38 21.42 10.65 8.54 49.99
SMO 8.45 27.59 3.21 - 39.25
MRO 15.96 15.80 - - 31.76

Polyunsaturated Fatty Acid (PUFA) (%)
C18:2 ? 6 C18:4 ? 3 C20:4 ? 6 C20:4 ? 3 C20:5 ? 3 C22:5 ? 3 C22:6 ? 3 ?  PUFA

CAO 1.49 2.99 - - 9.16 - 9.42 23.06
SMO 2.53 - 2.48 1.10 4.79 1.95 7.31 20.16
MRO 1.79 - 2.43 - 1.16 1.42 6.80

CONCLUSION
Globally, with the increasing demands for PUFA -enriched oils due to their health benefits, freshwater 
fish species should be exploited.  Clarias anguillaris oil had the relatively highest level of 
eicosapentaenoic acid and docosahexaenoic acid than the other two fish species from the Kainji dam. 
Thus, more of Clarias anguillaris may be consumed to obtain high amount of EPA and DHA.
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INTRODUCTION
Fish is a vital source of food for people. It is man's most important single source of high-quality protein, 

providing ~16% of the animal protein consumed by the world's population, according to the Food and 

Agriculture Organisation (FAO) of the United Nations (1997). The FAO estimates that about one 
billion people world-wide rely on fish as their primary source of animal protein (FAO, 2000).
Apart from the fish tissues (flesh) as food, other value can be derived from the other parts of fish, such as fish 
oil from the fatty glands of fish. For example,  fish processing offcuts such as heads, viscera and skin are 
frequently discarded without realising its potential except some low level of value-addition in limited fields..

ABSTRACT
This study used eight (8) kilograms of fresh Bagrus bayad purchased, 
beheaded, degutted, fins removed and washed with clean water (to 
remove any sand and blood) prior to cooking, for the experiment on 
effect of time on quantity of oil produced. Fire was generated using 
charcoal. The first treatment of two (2kg) was cooked for 30 
minutes, the second treatment (2kg) was cooked for 60 minutes, the 
third treatment (2kg) of prepared fish was cooked for 90minutes and 
lastly the fourth treatment (2kg) of prepared fish was cooked for 120 
minutes at a boiling point of 95°C - 100°C. Each treatment was 
replicated twice. The data obtained from the study was subjected to 
one way analysis of variance (ANOVA) and the difference in mean 
were separated using LSD at 95% confidence level (P<0.05). 
Quantity of oil produced was highest (27.00ml) in quantity of oil 
produced at 30minutes followed by quantity of oil produced at 
90minutes with a value of 23.50ml. Quantity of oil produced at 120 
minutes had a value of 21.75ml while least value of 20.75ml was 
produced at 60 minutes. Highest value of Residues (635.00g) was 
recorded in the oil produced at 30 minutes followed by the values of 
620.00g and 525.00g in oil produced at 60 and 90 minutes while least 
value was observed in 120 minutes with a value of 450.00g. This 
study recommends time exposure of 30 mins as seen from Treatment 
1, for use of in fish oil extraction as it gave the best results of more 
pure oil extracted from Bagrus bayad.

Keywords:
Extraction, processing,
treatment, cooking,
evaporation, residues. 
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Fish oil was originally consumed to get enough vitamin A and vitamin D, which for many years have 
been known to be important micro-nutrients for the body's normal functions (homeostasis). Fish oil is 
derived from the tissues of oily fish. It is recommended for a healthy diet because it contains the ? - 3 
fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), precursors to eicosanoids 
that reduce inflammation throughout the body as reported by Sargent (1997). Fish oils are required to 
be added in minute quantities for optimum health benefit, cellular metabolism and normal 
physiological functions (Sau and Paul, 2004). Scientists came to know about many benefits of fish oils 
in the early 1970s when Danish physicians observed that Greenland Eskimos had an exceptionally low 
incidence of heart disease and arthritis despite the fact that they consumed a high-fat diet. Intensive 
research soon discovered that two of the fats that they consumed in large quantities, EPA and DHA, 
were actually highly beneficial. Fish oil has numerous beneficial effects to human body. It prevents 
atherosclerosis, angina, heart attack, congestive heart failure, arrhythmias, stroke, and peripheral 
vascular disease. Clinical trials have shown that it is also effective in the treatment of many disorders 
including rheumatoid arthritis, diabetes, cancer etc, (Connor and William, 2000). 
There are different methods of fish oil extraction, however, some of these methods are linked to several 
drawbacks, e.g., chemical solvent extraction still contains traces of hazardous chemicals, and the 
extraction process is not eco-friendly. Cold press renders a very low oil yield. Enzymatic and supercritical 
fluid extraction is associated with higher capital expenditures and, hence, is not cost-effective. Due to this 
reason, the present research is focused on solvent-free, eco-friendly, and cost-effective methods for 
recovering fish oil (Ivanous et al., 2017, Ciriminna et al., 2019). In this regard, wet rendering is gaining 
interest, which involves cooking fish biomass in water or steam to break the complex tissue and release the 
oil in free form. This oil is easily separated from the water and other fish solids. Cooking time and 
temperature can affect the yield and quality of fish oil during wet rendering (Nasir et al., 2017).
The bagrid catfish (B. bayad) have been identified as model species that could be used to not only 
understand biogeography, but also are important commercial fisheries species and candidates for 
aquaculture development in Africa. These species have high economic importance and market 
acceptability, in addition their wide distribution across the continent (Alhassan and Ansu-Darko, 2011).
The genus Bagrus belongs to the family Bagridae (bagrid catfishes) and known to comprise seven 
species; three species Bagrus bayad (Forsskal 1775), B. docmac (Forsskal 1775) and B. degeni occur in 
Africa (Boulenger, 1907). These species are observed to have a wide range of natural distribution in all 
principal river-systems of Africa. They were reported in the Nile River, Lakes Albert and Turkana, Lake 
Chad, Niger. The habitats and habits of Bagrus fish are fairly similar to those of the Nile perch. 
The bagrid catfishes are widely distributed in African and Asian freshwaters. About 100 species occur in 
African freshwaters (Lowe-McConnell, 1987), widely distributed in the basins of Gambia, the Nile system, 
Chad, Niger, Senegal, the Volta and most of the East African rift lakes (Risch, 1986; Golubtsov et al., 1995).

STATEMENT OF THE PROBLEM 
Fishes are highly important in the development of Nigeria both economically and health wise as source 
of protein with low cholesterol level in the diets of many populace. Bagrus bayad is a common 
indigenous fish whose economic importance has not been fully harnessed nor commercialized despite 
the fact that they are readily available, abundant and cheap.

JUSTIFICATION OF THE STUDY 
There is need to understand that the use of indigenous fish can provide oil in quantities that can even be 
commercialized. The extraction of oil from imported fish is high, expensive, scarce and sometimes not 
available. Production of oil from indigenous fish (Bagrus bayad) can increase the availability of fish oil, 
reduce the cost of production and improve the income of the local fisher folk.

SCOPE OF THE STUDY 
This research covers the Extraction of oil from Bagrus bayad (Forskal, 1775). 
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OBJECTIVE OF THE STUDY 
The objective of this research are;
i. Extraction of oil  from Bagrus bayad
ii. To know the quantity of oil produced with time 

MATERIALS AND METHODS 
STUDY AREA
This study was carried out at the Department of Fisheries Fish Preservation and Post harvest Unit, 
University of Maiduguri, Borno State, Nigeria.

PROCEDURAL METHODOLOGY 
Eight (8): kilograms of fresh sample of Bagrus bayad, clean tap water, plastic bowls, knife, cooking pot, 
charcoal, weighing balance, strainer, spoon, mesh, packaging bottles.
Eight (8) kilograms of fresh Bagrus bayad were purchased from custom market (Gomboru) in 
maiduguri, Borno State. The fresh fish were kept at room temperature for subsequent experiment.
Prior to the cooking of fresh fish for oil extraction, the fish was beheaded, degutted, the fins removed 
and washed with clean water to remove any sand and blood. The prepared fish was transferred into a 
clean cooking pot containing clean water for proper cooking after weighing. 
The prepared fish was weighed and transferred into a clean cooking pot filled with one liter of clean tap 
water. Local method of oil extraction was adopted in this study. Fire was generated using charcoal.

OIL EXTRACTION METHOD
The Eight (8) kilograms of the prepared fish were cooked separately that is the first treatment of two 
(2kg) was cooked for 30minutes, the second treatment (2kg) of prepared fish was cooked for 
60minutes, the third treatment (2kg) of prepared fish was cooked for 90minutes and lastly the fourth 
treatment (2kg) of prepared fish was cooked for 120minutes at a boiling point of 95°C - 100°C. Each 
treatment was repeated twice.
After cooking of the fish for some minutes, oil start forming at the surface and the fish settles at the 
bottom of the cooking pot. This process continued until when the carcass stops producing oil. The oil 
on the surface was collected using spoon into another cooking pot. The collected oil was heated again to 
remove (evaporate) any moisture in it. The packaging bottles was sterilized for 20minutes and the 
extracted oil was allowed to cool before measuring and pouring it into the packaging bottles. 

DRYING OF RESIDUES 
After the oil have been extracted from each treatment, the Residues collected were sun-dried for a day. 
The sun-dried Residues was weighed based on each treatment using a weighing balance.

DATA ANALYSIS 
The data obtained from the study was subjected to one way analysis of variance (ANOVA) and the 
difference in mean were separated using LSD at 95% confidential level (P<0.05).

RESULTS 
Table 1 shows the effect of time on oil production in Bagrus bayad. The weight of Fish used for the 
extraction of the oil were one (1g) gram for each treatment. No significant variation (P<0.05) was 
observed in all the time used in the Extraction.
Quantity of oil produced was higher 27.00ml in quantity of oil produced at 30minutes followed by 
quantity of oil produced at 90minutes with a value of 23.50ml. Quantity of oil produced at 120minutes 
has a value of 21.75ml while least value of 20.75ml was produced at 60minutes. No Statistical 
difference (P<0.05) was recorded in the quantity of oil produced in the different time intervals.
Higher value of Residues of 635.00g was recorded in the oil produced at 30minutes followed by the 
values of 620.00g and 525.00g in oil produced at 60 and 90 minutes while least value was observed in 

603



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

120minutes with a value of 450.00g. No Significant difference were seen in all the four treatments.

Table. 1: Effect of time on oil production in Bagrus bayad

Time (minutes)
30 60 90 120 SEM

Weight of 
Fish(Kg)

1.00a 1.00a 1.00a 1.00a 0.00ns

Quantity of Oil 
(ml)

27.00a 20.75a 23.50a 21.75a 5.69ns

Residues(g) 635.00 a 620.00 a 525.00 a 450.00 a 149.58ns

DISCUSSION 
The results of the present findings indicates that, one (1g) gram of Bagrus bayad was used for the 
Extraction of oil in each  treatment. This one (1g) gram used differ with the findings of Suleiman 
(2022), who used 0.5g in oil extraction from three different species of fish (Hydrocynus forskali, 
Clarias gariepinus and Mormyrops rume). The difference in the weight of the fish used could be 
attributed to the availability of the fish.
The higher quantity of oil obtained from this study which is 27.00ml was lower than the findings of  
Abdullahi (2021), who produced oil from two species of fish (Hydrocynus forskali and Brycinus nurse) 
and obtained the highest quantity of 420ml from Brycinus nurse. The lower value of oil produced from 
this study could be as a result of the difference in the time of the oil extraction.
Similar research  carried out on the Extraction of oil from two wild species of Catfishes Clarias angularis 
and Hetebranchus longifilis reported that the quantity of oil produced from both Heterobranchus 
longifilis and Clarias angularis as 15.33 and 14.83ml was lower than the quantity of oil produced in the 
recent findings (Chigbo et al., 2018). This could be attributed to the difference in the specie of the fish. 
Higher value of Residues of 635.00g was observed in the oil produced in 30minutes. The least value of 
450.00g was observed in oil produced at 120 minutes. The least  value of Residues obtained from this 
study could be attributed to the high percentage of oil than flesh in that treatment.

CONCLUSION 
Fish oil can be produced from whole fish, fish trimmings or other fish by-products resulting from fish 
processing and extraction procedures. 
The duration of extracted fatty glands from fish, under high temperature affects the quantity of oil that 
could be extracted. The best result is obtainable from the process in treatment one (exposing the oil to 
cook for 30 minutes before sedimentation, decantation and evaporation procedures). 

RECOMMENDATION 
This study recommend that the use of time in fish oil extraction is very  important as it provides 
information on the best timing for heat exposure of 30 mins to our fish species for more oil extraction. 
This enables one understand the best timing to be adopted when extracting oil from Bagrus bayad.
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INTRODUCTION
Roe is the term used to describe fish eggs (oocytes) gathered in skeins (Mahmoud et al., 2008). 
Furthermore, roe has a high content of nutritive lipids, particularly phospholipids and long chain 
unsaturated fatty acids (LCUFAs) (Mahmoud et al., 2008). Fatty acids, such as cis-5,8,11,14,17-
Eicosapentaenoic acid (EPA; C20:5 n-3) and cis-4,7,10,13,16,19-docosahexaenoic acid (DHA; C20:6 
n-3) have been reported to play many important roles in the reduction of the risk of coronary heart 
disease and prevention of Alzheimer's disease and they also have anti-inflammatory properties (Sahena 
et al., 2009). Garabia, is a sweetened snack that is produced from rice, sugar, groundnut oil and spices 
(ginger, cloves, and pepper). It is a "Royal snack" that is mainly prepared by the Kanuris and Shuwa 
Arabs of Yobe and Borno States (Kyari, 2002). The major ingredient used in garabiya production is rice 
flour. Rice is the seed of the grass species Oryza sativa (Asian rice) or Oryza glaberrima (African rice). 

ABSTRACT
Roes are considered as abundant and underutilized fish by-product in 
Nigeria. The production of roe protein concentrate (RPC) is expected 
to increase the economic value and potency of their usage. A protein 
concentrate was produced using catfish roes, and the concentrates 
(CRPC) were used to fortify a rice based snack garabiya using four 
different ratios of rice to protein concentrates (90:10; 85:15; 75: 25 and 
70:30). The results of the proximate composition ranges from 
1.68±0.03 to 2.89±0.04, 6.65±0.06 to 14.42±0.73, 22.01±0.57 to 
26.12±0.18, 0.45±0.07 to 0.60±0.02, 2.10±0.13 to 2.52±0.04, and 
53.61±0.11 to 63.12±0.35mg/g for moisture, protein, ash, fibre and 
carbohydrate. The 100% rice garabiya recorded lower moisture, 
protein and ash contents, and significant (P=0.05) amount of 
carbohydrate. The results of mineral analysis of the samples indicated 
significant differences (P=0.05) in the mineral composition. Sodium 
and Potassium were the most abundant minerals and the highest value 
was observed in garabiya with CRPC15%. Among the garabiya samples 
also, the results of amino acid profile indicated leucine and lysine being 
the most predominant essential amino acids recorded. The results of 
the sensory evaluation of the garabiya were significantly different 
(P=0.05). Roe protein concentrates contained high amounts of 
protein, fat and ash, as well as minerals and amino acid contents. A 
highly nutritious garabiya has been produced through fortification with 
catfish protein concentrate (CRPC).

Keywords: 
snacks, muscle,
proximate
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As a cereal grain, it is the most widely consumed staple food for a large part of the world's human 
population, especially in Asia. It is the Agricultural commodity with the third-highest worldwide 
production, after sugarcane and maize (FAOSTAT, 2012). Rice is a good source of  staple food in many 
parts of the world, but it is not regarded as a complete protein, it does not contain all of the essential 
amino acids in sufficient amounts for good health, and should be combined with other sources of 
protein, such as nuts, seeds, beans, fish, or meat (Jianguo et al., 2003). This study is therefore limited 
for the production of roe protein concentrate and fortifying a rice based snack (garabiya), and 
evaluating its chemical and sensory properties.

MATERIALS AND METHODS
Sample acquisition and preparation
Fish samples were purchased directly from fish dealers from Gamboru Market, rice and other 
ingredients were purchased from Maiduguri Monday market, Borno State. Protein concentrates and 
the fortified Garabiya were processed at the Food Processing Laboratory, Department of Food Science 
and Technology. Standard methods were used (AOAC, 2006) in all the chemical analysis (protein, fat, 
ash, and moisture); and the analyses were carried out in the National Agency for Food and Drug 
Administration and Control laboratories (NAFDAC), Maiduguri Branch, Borno State.
Preparation of Catfish Roe Protein Concentrates (CRPC)
Roe protein concentrate (RPC) was prepared according to the method used by Narsing et al., (2012). Fresh 
roes were separated manually from skins and blood vessels of the fish. The roe was homogenized using a high-
speed mixer, and dried at 45±2°C for about 10 hours in a cabinet tray drier. The dried roes were ground and 
defatted using isopropanol maintaining a solid to solvent ratio of 1:3 (w/v) at ambient temperature of 28±2°C 
for two hours, with occasional stirring. The solvent was decanted and the extraction was repeated for three 
times to ensure maximum removal of lipid. The residue was dried in a vacuum drier 45±2°C for a period of 
eight hours. The defatted and dried roes were ground to powder using a mixer, and then sieved through a 180µ 
mesh (the kitchen sieve was used for this study) to obtain roe protein concentrates. Fish protein concentrate 
(FPC) from fish muscle were also prepared using the above technique. 
Garabiya Production
Garabiya was produced using the method described by Kyari (2002). The fortified Garabiya was also 
compared with the traditionally manufactured Garabiya to determine their organoleptic and chemical 
properties. The major ingredients used in Garabiya production are rice flour, sugar, groundnut oil, ginger, 
cloves and pepper. The ingredients were made into flour, mixed in appropriate proportion and the resulting 
dough is then shaped using finjal cups and dry-fried in a local pan known as “ngaya” for 10-15 minutes.
Proximate Analysis
The proximate composition (Moisture Content, Protein, Fat, Fibre, and Carbohydrates) of the 
fortified Garabiya and the locally processed Garabiya were determined following the guidelines 
outlined in AOAC (2006).
Amino Acid Analysis
The Amino Acid profile in the known sample was determined using methods described by Benitez 
(1989).  The known sample was dried to constant weight, defatted, hydrolyzed, evaporated in a rotary 
evaporator and loaded into the Applied Biosystems PTH Amino Acid Analyzer.
Mineral analysis
Mineral content of Garabiya was determined using atomic absorption spectrophotometer (AOAC, 
2006). The minerals examined were; Potassium, Iron, Sodium, Calcium, and Phosphorus.
Sensory Evaluation
The sensory evaluation test was conducted by a team of 20 panellist that were drawn from staff and 
students of Department of Food Science and Technology, University of Maiduguri, who have good 
experience of the quality characteristics of good quality Garabiya. The samples were rated for test, 
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colour, texture and overall acceptability based on a 9-point hedonic scale with 9 representing “like 
extremely” and 1 “representing dislike extremely” (Ihekoronye and Ngoddy, 1985).

RESULTS AND DISCUSSION
Proximate Composition of the Fortified Garabiya 
Table 1 shows the proximate composition of the fortified Garabiya. There was a significant difference in 
the proximate composition except the fat content among the fortified Garabiya and the 100% rice 
Garabiya. The protein content varies significantly among the Garabiya samples, and increased with 
increase in the protein concentrates and samples containing 30% protein concentrates had the highest 
protein content. Sathivel et al., (2009) reported catfish roe protein powder possessing a protein content of 
67%. 100% rice Garabiya had lowest moisture, protein and ash. There was no significant difference in the 
ash content of the Garabiya (0.22 to 1.35%) and the least was recorded in 100% rice Garabiya. The 
moisture content in the Garabiya recorded in this study is similar to that obtained by Badau et al (2013) in 
Garabiya fortified with cowpea. The fat content is however higher, but lower in protein and carbohydrate 
contents. This result also indicated that rice-fish Garabiya is a rich source of energy and capable of 
supplying the daily energy requirements of the body. Although snacking is often considered bad habit 
because it contains high energy and may facilitate  hyperphagia while providing insignificant qualities of 
valuable nutrients due to choice of low quality snacks, nutritionists still agreed that since human bodies 
need re-fueling every 3-4 hours, healthy snack like Garabiya may provide energy burst and help keep 
hunger under control so one is not tempted to over eat later (Drummond et al., 1996).

Table 1. Proximate Composition of the Fortified Garabiya
CONCENTRATES* MOISTURE 

(%)
PROTEIN 
(%)

FAT (%) ASH (%) FIBRE (%) CHO (%) ENERGY 
(KJ)

CRPC10% 2.89±0.04d 6.65±0.06a 24.52±0.29c 0.60±0.02c 2.30±0.13b 63.06±0.21c 499.44±2.04b

CRPC15% 2.58±0.13c 9.17±0.11b 22.01±0.57b 0.61±0.02c 2.52±0.04c 63.12±0.35c 487.21±3.29a

CRPC25% 1.68±0.03b 9.66±0.36b 24.99±0.25c 0.79±0.02d 2.10±0.13a 60.79±0.54b 506.69±1.59c

CRPC30% 2.30±0.11c 14.42±0.73c 26.12±0.18d 0.45±0.07b 2.44±0.11c 53.61±0.11a 507.18±4.12c

100%Rice 1.30±0.02a 4.71±0.28a 25.28±0.40a 0.22±0.11a 2.69±0.27d 65.82±0.26d 509.58±1.45d

Mineral Composition of the processed Garabiya
Table 2 presents the mineral composition of the Garabiya. Significant variation occurred in the calcium 
content which ranged from 1.00 to 4.00mg/g. Sodium, the most abundant (248.31±9.09 to 
359.41±1.39) mineral in all the garabiya samples, varied significantly and the least was recorded in the 
100% rice Garabiya (174.00mg/g). Little variation of phosphorus level was observed (CRPC25%, 
1.50mg/g). Iron level ranged from 1.10 to mg/g and varied significantly at p=0.05. Potassium was the 
second most abundant mineral and the highest was recorded in CRPC15% (64.00mg/g). Badau et al., 
(2013) observed that rice Garabiya fortified with cowpea contained 0.235 to 1.031mg/g Iron, 6.293 to 
7.800mg/g Potassium and 0.891 to 1.432mg/g Zinc, respectively. Their findings are in agreement with 
those recorded in this study. Galla (2014) analyzed higher amount of calcium and phosphorus, and 
lower iron (37.0, 1.32 and 948mg/100g) in Cyprinus carpio and Epinephelus tauvina roe protein 
concentrates than in this study.

Table 2 Mineral composition of the processed Garabiya fortified (mg/g)
CONCENTRATES CALCIUM SODIUM PHOSPHORUS IRON POTASSIUM 

CRPC10% 2.10±0.01b 253.10±9.75b 1.70±0.01a 1.10±0.00a 22.00±0.14b

CRPC15% 2.00±0.01b 248.31±9.09b 2.30±0.02b 1.35±0.01a 64.00±3.11e

CRPC25% 1.70±0.06a 306.45±0.91c 1.50±0.02a 1.10±0.01a 52.50±0.21d

CRPC30% 2.20±0.03b 359.41±1.39d 1.80±0.04a 1.70±0.10b 30.00±2.55c

CONTROL 4.00±0.01c 174.00±1.18a 2.50±0.01c 1.25±0.01a 15.40±0.37a
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Essential Amino Acid of the processed Garabiya
The amino acid profile (essential) of the Garabiya were analyzed and presented in table 3. The results 
obtained showed that leucine and lysine were the most abundant (8.07 and 6.28g/100g) essential 
amino acids recorded in CRPC10%. Highest isoleucine was recorded in CRPC15% (4.52g/100g 
sample) and the lowest in the 100% rice Garabiya (3.15g/100g sample). Phenylalanine showed 
significant variation with the highest value CRPC25% (4.09g/100g) and the lowest in CRPC 30% 
(3.01g/100g sample). Tryptophan as the least essential amino acid ranged from 0.90 to 1.20g/100g 
recorded in 100% rice and CRPC10%. Least valine content was observed in the CRPC30%. There was 
no significant difference in the methionine. There was a significant difference in the histidine among 
the Garabiya and CRPC10% had the highest value. Shirai et at., (2006) reported that composition of 
fish roe depends on the type of roe and the method of processing. They are regarded as high-quality 
foods since they include important amounts of protein and amino acids. The lipid from fish roe 
products has presented as a useful food source for maintaining human health (Shirai et al., 2006).

Table 3 Amino Acid Profile (Essential) of the Garabiya (g/100g protein) 
CONCENTRA
TES

LEUCIN
E

LYSINE ISOLEUSI
NE

PHENYLALA
NINE

TRYPTOPH
AN

VALINE METHION
INE

HISTIDI
NE

THREONI
NE

TEAA

CRPC 10% 8.07±0.

10e

6.28±0.

00d

4.25±0.0

0d

4.09±0.12c

1.20±0.00

b

3.93±0.

01b

2.19±0.0

0a

2.51±0.

39b

4.44±0.1

0c

36.9

2c

CRPC 15% 7.88±0.

01d

5.60±0.

07c

4.20±0.0

1d
3.64±0.12b

1.05±0.07

a

4.00±0.

00b

2.10±0.1

3a

2.21±0.

01b

4.07±0.0

2b

34.7

5b

CRPC 25% 7.30±0.

01c

5.30±0.

00b

3.94±0.0

3c
3.58±0.04b

0.98±0.01

a

4.02±0.

02b

2.18±0.0

6a

2.12±0.

12a

3.83±0.0

1b

33.2

5b

CRPC 30% 6.82±0.

07b

5.02±0.

02a

3.53±0.0

4a
3.01±0.01a

0.91±0.01

a

3.43±0.

03a

2.08±0.0

1a

2.10±0.

14a

3.35±0.0

1a

30.1

6a

CONTROL 6.29±0.

06a

5.56±0.

03b

3.15±0.0

1a
3.99±0.00c

0.90±0.01

a

4.29±0.

00c

1.32±0.0

1a

2.31±0.

01b

3.28±0.0

5a

31.0

9a

no Acid Profile (non-Essential) of the Garabiya produced
The non-essential amino acid of the fortified Garabiya was presented in table 4. Glutamic acid was the 
most abundant non-essential amino acid followed by aspartine, arginine, glycine, alanine, tyrosine and 
proline as recorded for the protein concentrates. Higher alanine content was observed in CRPC 10% 
(4.50g/100g) and the lowest was in AFPC 15% (3.24g/100g). The highest value of serine was observed 
in CRPC 10% and the lowest in CRPC 30%. Highest value of proline was observed in HRPC 25%, and 
the lowest in CRPC30%. Tyrosine was lower in CRPC25% and higher in MFPC30%. Glutamic acid 
content ranged from 11.59 to 13.17g/100g and the highest was observed in CRPC10%, and the least in 
100% rice garabiya.

Table 4. Amino Acid Profile (non-Essential) of the Garabiya produced
SAMPLES CYS ALA GLU GLY SER ASP PRO ARG TYR

CRPC10% 1.28±0.01b 4.50±0.02d 13.17±0.00e 3.98±0.02c 4.00±0.01e 8.81±0.01c 3.55±0.00d 5.94±0.12d 3.64±0.04c

CRPC15% 1.21±0.00b 4.20±0.04c 12.87±0.00d 3.57±0.01a 3.41±0.01c 8.26±0.35b 3.35±0.00c 5.50±0.37c 3.45±0.01b

CRPC25% 1.10±0.01a 3.98±0.00b 12.57±0.01c 3.58±0.57a 3.19±0.01b 8.20±0.01b 2.93±0.02b 5.50±0.00c 3.05±0.06a

CRPC30% 1.21±0.00b 3.80±0.01b 11.98±0.02b 3.80±0.00b 3.00±0.00a 7.84±0.00a 2.85±0.01a 5.18±0.03a 3.10±0.01a

CONTROL 0.92±0.11a 3.67±0.04a 11.59±0.01a 4.29±0.02d 3.71±0.02d 7.83±0.01a 3.55±0.00d 5.33±0.24b 3.88±0.11d
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Sensory evaluation of the Garabiya
 Table 5 presents the results of the sensory analysis of the Garabiya produced. There was a significant 
difference among the sensory attributes of the prepared sample. Garabiya produced with 10% CRPC 
was scored higher (liked moderately) in appearance, this might be due to the brighter color of the 
concentrates. Aroma is also one of the parameters used for roe protein concentrate quality 
determination. Good quality of Fish Protein Concentrate should have weak fishy odor (Nollet et. al., 
2007). There was no significant difference in the texture of the Garabiya, samples containing catfish 
roe, while catfish roe fortified Garabiya was neither liked nor disliked. CRPC30% had the least value in 
terms of Overall Acceptability.

Table 5 Sensory Evaluation of the Prepared Garabiya
GARABIYA APPEARANCE TASTE TEXTURE COLOR Overall 

Acceptability
CRPC 10% 7.25±1.45d 6.55±1.73d 6.40±1.67d 6.60±1.93d 6.65±1.87d

CRPC 15% 6.65±1.87c 5.85±2.43a 6.35±1.95c 6.55±1.67c 6.30±2.00b

CRPC 25% 5.80±1.88b 5.85±1.98a 6.10±2.61a 6.45±1.93b 6.55±2.16c

CRPC 30% 5.55±2.01a 5.80±2.02a 6.20±2.02b 6.10±1.97a 5.70±2.15a

CONTROL 6.65±2.35c 6.20±2.21c 6.75±1.55e 6.55±2.14c 7.25±1.68e

CONCLUSION
THIS study concludes that protein concentrates could be prepared from roes of different species of 
fish and that the protein concentrates could be used at different proportions to prepare rice snacks of 
higher nutritional and sensory qualities. CRPC produced were a rich source of protein, fat and ash. 
Sodium, Iron and potassium are the most abundant mineral recorded. In conclusion, protein 
concentrates made from catfish roe had higher nutritional value and can be used as an ingredient that 
can be incorporated in different formulas such as Garabiya and other snacks.
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INTRODUCTION
Fish are cold-blooded aquatic animals with scales and fins that breathe through their gills. They are an 
extremely nutrient-rich diet that is especially prized for its high-quality protein when compared to 
meat and eggs (Ojutiku et al., 2009). They are high in proteins and other nitrogenous substances, low in 
carbohydrates, fats, minerals, and vitamins. They are also widely acceptable because of its high 
palatability, low cholesterol and tender flesh (Eyo, 2001).  However, they are highly perishable 
because it provides a favourable medium for the growth of macro and microorganisms after death 

ABSTRACT
This research was carried out to determine the change in moisture, 
lipid, protein, ash content, peroxide value, iodine value, total volatile 
basic nitrogen and sensory properties of smoked Lutjanus goreensis 
using NIOMR and traditional smoking kilns during a six-month storage 
period. Fish was bought fresh, washed and smoked using the traditional 
and NIOMR smoking methods. The moisture, lipid, protein and ash 
content were determined according to the Association of Official 
Analytical Chemists (AOAC) methods while the peroxide, total 
volatile base and iodine value were determined according to Pearson's 
method. Sensory properties were assessed using six-members panel. 
Data obtained was subjected to Analysis of Variance (ANOVA) and 
independent sample T-test. Results for the moisture, lipid, protein and 
ash content of traditionally smoked Lutjanus goreensis ranged between 
4.6%-10.7%, 15.28%- 16.36%, 20.23%-25.85% and 16.51%-18.56% 
respectively and for NIOMR smoked Lutjanus goreensis ranged 
between 4.06%-11.23%, 15.55%-18.22%, 18.67%-23.32% and 
15.55%-16.41% respectively. The peroxide, total volatile base and 
iodine value for traditional ranged from 1.41meq/kg - 2.90meq/kg, 
28.54mg/100g - 65.00mg/100g and 155.72mg/100g - 177.49mg/100g 
respectively and for NIOMR was 1.37meq/kg-2.79meq/kg, 
28.78mg/100g -65.78 mg/100g and 157.44mg/100g-180.79mg/100g. 
The results showed no significant difference (p>0.05) in moisture, 
lipid, protein, ash content, peroxide value, iodine value and total 
volatile basic nitrogen of NIOMR and traditionally smoked Lutjanus 
goreensis. Sensory quality was not significantly different (p>0.05) in 
texture, appearance, aroma and overall acceptability between 
traditional and NIOMR smoked Lutjanus goreensis. Also, there is 
similarities in the moisture, lipid, protein, ash content and shelf life of 
Lutjanus goreensis smoked with traditional and NIOMR smoking kilns 
stored for six months.

Keywords:
Lutjanus goreensis,
smoking kilns, biochemical
compositions, sensory quality
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(Ojutiku et al., 2009; Aliya et al., 2012; Babarinde et al., 2012; Oparaku and Mgbenka, 2012). Fish are 
highly susceptible to deterioration without any preservative or processing measures (Okonta and 
Ekelemu, 2005) and requires proper handling and preservation to increase its shelf life, quality, and 
nutritional value (Ye, 1999). Smoking is the most widely practiced method. Smoking combines the 
effect of the destruction of bacteria by compounds in the smoke, such as phenols, and the cooking of 
the fish, since high temperatures will be generated. Smoked fish products have a long shelf life, which 
has been attributed to the drying and cooking effects. 
Gorean snapper is a member of the family Lutjanidae (Snappers). Lutjanus goreensis are important in 
both tropical and subtropical waters. Snappers are an excellent source of protein, omega-3 fatty acid, 
and essential vitamins and minerals including vitamin B12, Vitamin D, Selenium and phosphorus. 
Studies related to comparison of proximate composition and shelf-life of smoked Lutjanus goreensis 
using traditional and smoking kilns have not been documented. Therefore, the aim of this study is to 
determine the moisture, lipid, protein, ash content and shelf life of Gorean snapper (Lutjanus 
goreensis) smoked using the NIOMR and traditional smoking methods.

MATERIALS AND METHODS
Twenty (20) freshly caught fish samples of Gorean snapper (Lutjanus goreensis) were purchased from 
Better Life Fish Market, Makoko, Yaba Mainland Local Government Area, Lagos, Nigeria.  It was 
placed in ice boxes and transported to the Botanical Garden, University of Lagos for smoking. The 
Fresh fish purchased were not gutted, but were thoroughly washed with clean water and placed in a 
sieve to drain, without salting. The fish were separated into two equal halves (10 each) before smoking 
using NIOMR smoking kiln and a traditional drum smoking kiln in the Botanical Garden, University of 
Lagos. After smoking, the fish were placed in open trays to cool and later transferred to plastic baskets 
for storage and to prevent rodent and insect infestation.  They were then kept on benches in the 
kitchen cabinet at room temperature for the period of six (6) months. During storage period, the 
moisture, lipid, ash, protein, organoleptic assessment, peroxide value, total volatile bases and iodine 
values of NIOMR and traditionally smoked fish were assessed monthly for a period of six months. 
Every month, a fish each that was smoked using the NIOMR and traditional smoking kiln was taken to 
the laboratory. The whole fish was ground using an electric blender into a powdered form and was 
placed into well labelled container for proper identification. The analysis was carried out in duplicate. 
The moisture, lipid, protein, ash content, iodine value, peroxide value and total volatile base of the 
smoked samples were determined as described by Association of Analytical Chemist Method, 
(AOAC, 2005) and Pearson (1982) while the sensory analysis was carried out by a panel of six 
members from students of the Department of Marine Sciences, University of Lagos using the 9-point 
Hedonic scale. The data obtained during this study were subjected to One-way Analysis of Variance 
(ANOVA) and independent sample T-Test. Duncan multiple range test (DMRT) was used to separate 
means where differences exist at 95% confidence level (p< 0.05).

RESULTS AND DISCUSSION
The moisture, crude protein, lipid and ash content, iodine value, total volatile base and peroxide value 
for Lutjanus goreensis smoked using traditional and NIOMR smoking kilns and stored for a period of 
six months are shown on Tables 1 and 2. The result indicates that moisture, ash, lipid, protein, iodine, 
peroxide and total volatile content of Lutjanus goreensis smoked using traditional and NIOMR 
smoking kilns ranged between 4.6% -10.79% and 4.06% - 11.23%, 18.56%-16.51% and 16.51% - 
15.5%, 16.36% -15.28% and 18.22% - 15.55%, 25.85% -20.23% and 23.32% - 18.67%, 
177.49mg/100g - 155.7mg/100g and 180.79mg/100g - 157.44mg/100g, 1.41meq/kg - 2.90%meq/kg 
and 1.37meq/kg - 2.79meq/kg, 28.54mg/100g - 65mg/100g and 28.78mg/100g - 65.78mg/100g 
respectively. The highest moisture, peroxide and total volatile content was recorded on the sixth 
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month of storage while that of ash, lipid, protein and iodine value recorded on the first month of 
storage. There was a significant difference of moisture, ash, lipid protein, iodine value, peroxide and 
total volatile base for the six months of storage and no significant difference between smoking methods 
except for lipid which had significant difference.The result for the organoleptic assessment (texture, 
aroma, appearance and overall acceptability) of Lutjanus goreensis smoked using traditional and 
NIOMR smoking kilns examined on a bi-weekly basis for six months ranged between 1.00-8.00 and 
1.08-8.33, 1.25-7.33 and 1.41-8.43, 1.16-7.67 and 1.25-8.33, 1.00-8.33 and 1.00-8.67 respectively. 
There was a significant difference of texture, appearance, aroma and overall acceptability for the six 
months of storage and no significant difference between smoking methods.

Table 1: Mean moisture, protein, lipid, ash content, iodine value, total volatile base and peroxide of 
Lutjanus goreensis smoked using traditional smoking drum

Storage 
Period 

(months)

Moisture 
content (%)

Ash (%) Lipid 
content (%)

Crude 
Protein (%)

Iodine value 
(mg/100g)

Total volatile 
base 

(mg/100g)

Peroxide 
value 

(meq/kg)

1 4.6±0.04a 18.56±0.07c 16.36±0.02a 25.85±0.02a 177.49±0.17a 28.54±0.08a 1.41±0.01a

2 4.91±0.0.1b 18.7±0.02cd 16.84±0.02b 24.24±0.03b 175.9±0.03b 31.901±0.04b 1.62±0.01b

3 6.3±0.01c 18.77±0.03d 17.39±0.02c 22.9±0.03c 170.54±0.04c 37.041±0.04c 1.81±0.01c

4 7.36±0.04d 17.54±0.04b 17.00±0.00d 22.95±0.04c 163.59±0.03d 48.33±0.06d 2.31±0.02d

5 7.87±0.03e 17.51±0.03b 16.61±0.04e 20.03±0.03d 157.37±0.04e 60.97±0.03e 2.73±0.02e

6 10.79±0.04f 16.51±0.03a 15.28±0.02a 20.23±0.02e 155.72±0.03f 65.00±0.00f 2.90±0.00f

Note: Means with different susperscripts along the same column are significantly different (P<0.05) 

Table 2: Mean moisture, protein, lipid, ash content, iodine value, total volatile base and peroxide of 
Lutjanus goreensis smoked using NIOMR smoking kiln

Storage 
Period 

(months)

Moisture 
content (%)

Ash (%) Lipid 
content (%)

Crude 
Protein (%)

Iodine value 
(mg/100g)

Total volatile 
base 

(mg/100g)

Peroxide 
value 

(meq/kg)

1 4.06±0.04a 15.55±0.5c 18.22±0.04c 23.32±0.031d 180.79±0.00a 28.78±0.09a 1.37±0.01a

2 4.57±0.0.2b 16.4±0.03d 18.24±0.03c 23.07±0.04d 180.79±0.00b 31.911±0.02b 1.58±0.00b

3 6.25±0.02c 16.87±0.07b 18.23±0.02c 21.71±0.02c 172.38±0.03c 38.031±0.03c 1.78±0.01c

4 7.23±0.04d 15.31±0.04ab 15.14±0.04a 20.7±0.04b 165.26±0.05d 48.54±0.0.02d 2.39±0.02d

5 7.65±0.05e 15.21±0.03ec 15.55±0.04b 18.96±0.03a 159.20±0.06e 62.95±0.08e 2.64±0.01e

6 11.23±0.03 f 16.41±0.00a 15.55±0.02ab 18.67±0.03a 157.44±0.07f 65.78±0.04f 2.79±0.01f

Note: Means with different susperscripts along the same column are significantly different (P<0.05)

This gradual increase in moisture content is consistent with research by Okereke et al. (2014), which 
observed that smoked fish, especially in humid conditions, tends to acquire moisture from the 
environment during storage because it was kept in a basket with lid on a kitchen cabinet. The reduction 
in ash content could be as a result of increase in moisture and the drying conditions for both 
procedures, as proposed by Adeyeye and Adebiyi (2019). Reduction in lipid content could be 
attributed to oxidation of poly-unsaturated fatty acids (PUFA) contained in the fish tissue to products 
such as peroxides, aldehydes ketones and the free fatty acids as noted by (Horner,1992: Ajayi et al., 
2017). The reduction in protein could be due to gradual degradation of the initial crude protein to 
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more volatile products such as Total Volatile Bases (TVB), Hydrogen sulphide and Ammonia 
(Eyo,2001). A decrease in unsaturated fatty acids over time is indicated by the pattern of declining 
iodine value for both smoking methods. At the beginning of the storage period, the modern method 
appeared to preserve unsaturated fats slightly better, but by the end, both methods had become 
similar. This is consistent with research by Samples (2013), who found that mild processing techniques 
can initially retain fish's fatty acid profile more effectively, but that these benefits may later be 
outweighed by oxidation processes that occur during storage. Lipid oxidation during storage is evident 
from the rising peroxide values seen in both methods. However, (Connel,1995) reported that when 
peroxide value is above 10-20, fish develop rancid taste and smell. The ratio of Volatile Basic Nitrogen 
to the Total Nitrogen has been recommended as a useful index of quality in fish (Huss, 1988).  Pearson 
(1982) recommended that the limit of acceptability of fish is 20-30mg N per 100g. The rising TVB-N 
values seen in the two smoking methods show that protein breakdown occurs gradually over storage. 
Sensory evaluation is a crucial part in food development because it determines how consumers will 
react towards a product (Bouzgarrou and Sadok, 2017). The sensory characteristics observed with the 
taste panel response revealed that people preferred fish smoked using modern smoking kiln over those 
smoked using traditional smoking drum. There was a decline in texture, appearance, aroma, and overall 
acceptability scores for both smoking methods over the 24-week. Extractives, present in low 
concentrations in fish contribute directly to the taste, aroma, texture and appearance of a particular 
fish species and cause differences in taste of various fish species. This demonstrates how chemical 
changes translate to sensory impressions and are consistent with changes seen in proximal composition 
and biochemical qualities. 

CONCLUSION
This study showed that the moisture, peroxide and total volatile content of both NIOMR and 
traditionally smoked Lutjanus goreensis increased with increase in storage time while the percentage 
crude protein, crude lipid. Ash and iodine value reduced with increase in storage time. The taste panel 
scores recorded for appearance, aroma, overall acceptability and texture of Lutjanus goreensis smoked 
using NIOMR and traditional kilns decreased with increasing time storage. The results obtained from 
this study showed similarities in the moisture, lipid, protein, ash content and shelf life of Lutjanus 
goreensis smoked with traditional and modern smoking kilns stored for six months.
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INTRODUCTION
Fish is an important source of high-quality protein, essential fatty acids, vitamins, and minerals. African 
catfish (Clarias gariepinus) is one of the fish species that is particularly valued in aquaculture across 
Africa and beyond (Adeoye et al., 2020). However, fresh fish is highly perishable, making effective 
preservation methods necessary to reduce post-harvest losses and ensure food security. Smoking is one 
of the most traditional and widely adopted preservation methods, extending the shelf life of fish by 
reducing moisture content and imparting desirable sensory qualities such as taste, aroma, and texture 
(Ahmed et al., 2021).
Fish smoking enhances the flavour and nutritional profile of the product, especially when combined 
with natural additives. Salt, a primary preservative, draws out moisture, inhibiting microbial growth 
and enzymatic spoilage (Olusegun et al., 2022). Meanwhile, spices like ginger, garlic, and pepper have 
been increasingly used due to their antimicrobial, antioxidant, and flavour-enhancing properties. These 
spices not only improve the sensory appeal of smoked fish but also help retain essential nutrients such 
as proteins, fats, and minerals (Al-Juhaimi et al., 2020). Despite these information, limited research 
has been done on the effect of these additives on African catfish, a species of economic importance, 
particularly in Africa. This study aims to evaluate the effects of salt, ginger, garlic, and pepper on the 
sensory attributes and proximate composition of smoked African catfish.

ABSTRACT
This study evaluated the sensory qualities and proximate 
composition of African catfish smoked with three seasonings: salt, 
ginger, garlic, and pepper. Sensory attributes such as taste, 
appearance, texture, and aroma were assessed, alongside proximate 
composition including moisture, ash, crude protein, crude lipid 
nitrogen-free extract (NFE), and dry matter content. The sensory 
evaluation revealed that fish treated with ginger scored highest in 
taste and aroma, while garlic was most favoured for appearance. 
Ginger was identified as the best additive for enhancing overall 
sensory appeal. In the proximate analysis, salt-treated fish had the 
lowest moisture content (13.13%), supporting its role in dehydration 
and preservation. Pepper-treated fish exhibited the highest crude 
lipid content (8.10%), while garlic-treated fish had the highest 
protein content (56.88%). Ginger-treated fish recorded the highest 
nitrogen-free extract (NFE) value, hence, this study highlight the 
potential of using natural additives to enhance the quality of smoked 
fish products.

Keywords:
Clarias gariepinus,
proximate analysis,
sensory evaluation,
smoking.
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MATERIALS AND METHODS
Experimental Design
The experiment followed a completely randomized design (CRD), with the fish divided into four 
treatment groups with three replicates.
Procurement and Preparation of Samples
Fresh African catfish, each weighing between 500-700g, were sourced from Zobe reservoir Dutsin-Ma 
and immediately transported to the Fisheries and Aquaculture laboratory for processing. The fish were 
gutted and washed thoroughly with clean water to remove blood and impurities. They were weighed and 
divided into four groups, corresponding to the different treatments. The treatments were prepared in four 
different bowls, each bowl containing 1kg of fish. The spices were weighed accordingly; 3g of salt, ginger, 
garlic, and pepper was used. These spices were added into 2 liters of water and then the fish were added 
inside. They were also allowed to stay in the mixture for 10 minutes (Mosarrat et al., 2017). The fish were 
removed from the solutions, drained, and prepared for smoking.

Sensory Evaluation
A panel of 10 trained assessors were recruited for the evaluation. Taste, appearance, texture, and aroma 
were evaluated using a 7-point hedonic scale (7- Excellent; 6-Extremely good; 5-Very good; 4- Good; 
3- Poor; 2- Very poor; 1- Extremely poor) according to Sogbesan and Ibrahim (2017).

Proximate Composition Analysis
The proximate analysis of fish was determined according to standard methods (AOAC, 2019). Crude 
protein content was determined by the Kjeldahl method, crude fibre was determined using acid and 
alkali digestion, crude fat was by the Soxhlet extraction method, ash was carried out by incineration 
while dry matter and nitrogen free extracts were calculated.

STATISTICAL ANALYSIS
All data were expressed as means ± standard deviation (SD). One-way analysis of variance (ANOVA) 
was used to determine significant differences among the treatment groups for proximate composition 
while average was used for sensory evaluation. Duncan's Multiple Range Test (DMRT) was employed 
to compare the means at a significance level of p < 0.05. Statistical analyses were performed using 
SPSS version 25.

RESULTS AND DISCUSSION
Table 1 show the sensory evaluation of African catfish (Clarias gariepinus) smoked with different 
native seasonings. The catfish smoked with ginger had the highest taste score (9.73), followed by garlic 
and pepper. Salt alone had the lowest score (5.66), which suggests that spices like ginger and garlic 
significantly enhance the flavour of smoked catfish. Studies on the use of ginger in fish smoking have 
found that it improves flavour due to its pungency and mild spiciness. A study by Adeyemi and 
Alhassan (2019) showed similar results, where ginger was noted for significantly enhancing the taste 
profile of smoked tilapia. This may be as a result of gingers anti-inflammatory and flavor-enhancing 
properties which made it the most preferred additive in this study as well. Garlic-treated samples 
scored highest appearance (7.86), with ginger and pepper following closely. Salt alone again had the 
lowest score (5.40), which might indicate that spices influence the visual appeal of the fish, potentially 
through effects on colour or surface texture during smoking. Similar observations were made by 
Fawole et al. (2018), where garlic and pepper enhanced the appearance of smoked mackerel. Both 
ginger and pepper resulted in the highest texture scores (7.86), suggesting that these additives 
contribute to a desirable firmness or softness in the fish after smoking. Salt had the lowest score, 
possibly because it did not interact with the fish proteins to the same extent as the spices. Ginger has 
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been known to tenderize meat due to the presence of proteolytic enzymes, which may explain the 
favourable texture scores here. Similar findings were reported in a study by Ogodo et al. (2021), where 
ginger enhanced the texture of smoked catfish more than other treatments. Ginger again led with the 
highest score for aroma (8.00), followed by garlic and pepper. Salt had the lowest aroma score (5.13), 
highlighting the strong aromatic compounds present in ginger and garlic. 

Table 1: Sensory evaluation of smoked African catfish (Clarias gariepinus) with different seasonings

Features  Salt Ginger Garlic Pepper

Taste 5.66 9.73 7.66 7.40

Appearance 5.40 7.73 7.86 7.53

Texture 5.53 7.86 7.20 7.86

Aroma 5.13 8.00 7.86                6.73        

Studies on smoked fish generally show that lower moisture content enhances the shelf life and quality 
of the product. For example, Adeyemi and Alhassan (2021) found that fish smoked with lower 
moisture content tend to have longer storage potential. In this study as shown in Table 2, salt resulted in 
the lowest moisture content, which aligns with findings from other research where salt is often used to 
draw out moisture before smoking. The ash content here was highest in pepper-treated fish. This is 
similar to the findings of Fawole et al. (2018), where pepper increased mineral retention during the 
smoking process due to its high mineral content, especially calcium and potassium. Pepper yielded the 
highest lipid content, which contrasts with ginger having the lowest. Ogodo et al. (2021) observed 
similar results, where ginger reduced fat content in fish, likely due to its enzymatic activities. Garlic-
treated fish showed the highest protein content, indicating that garlic might be preserving protein 
structures during smoking. This agrees with earlier research by Ikujenlola and Fesobi (2020), where 
garlic's antioxidant properties helped reduce protein degradation in smoked fish. Ginger-treated fish 
had the highest NFE, indicating higher carbohydrate content which may be as a result of gingers natural 
sugars and fibres.

Table 2: Proximate composition of smoked African catfish (Clarias gariepinus) treated with 
different seasonings

Treatment Moisture (%) Ash (%) Crude lipid (%) Crude protein (%) NFE (%) Dry matter (%)

T1 13.13±0.09a 9.57±0.60a 6.40±0.05b 55.14±0.16a 12.18±0.08b 83.89±0.76c

T2 16.22±0.14d 11.61±0.17b 5.62±0.06a 51.94±0.78a 14.60±0.89c 83.78±0.14a

T3 14.54±0.01b 9.71±0.09a 7.10±0.00c 56.88±0.00a 11.76±0.00b 85.45±0.98bc

T4 15.51±0.19c 12.65±0.45b 8.10±0.00d 49.06±6.23a 8.78±0.71a 84.49±0.19ab

Key: Means with different subscript within a column are statistically different at p<0.05
NFE= Nitrogen free extract, salt (T1), ginger (T2), garlic (T3), and pepper (T4)

CONCLUSION
Result from sensory evaluation revealed that ginger consistently scored the highest across most attributes, 
making it the most effective additive for sensory enhancement of smoked African catfish. Garlic and 
pepper also performed well, particularly in appearance and texture. Salt, though commonly used in fish 
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preservation, did not enhance the sensory qualities as effectively as the spices. The proximate composition 
results indicate that each additive had a different impact on the nutritional quality of smoked catfish. Salt 
generally reduced moisture, making it ideal for preservation. Garlic was effective in maintaining high 
protein content, and pepper contributed to higher fat retention and ash content.
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INTRODUCTION
A total of 90.3 million tonnes of fish were reportedly captured globally in 2020 comprising of 78.8 and 
11.5 million tonnes from marine and inland waters respectively (FAO, 2022). Despite a 5.1 percent 
decline from 2019 due to COVID-19 pandemic, global catches in inland waters, estimated at 11.5 
million tonnes, remained at a historically high level, largely attributed to improved reporting by the 
producing countries. Asia produced almost two-thirds of total inland fisheries, followed by Africa – 
inland catches are important for food security in both these regions (FAO, 2022).
Live, fresh or chilled forms still represented the largest share of aquatic food (excluding algae) for 
direct human consumption, followed by frozen, prepared, and preserved and cured. In Asia and Africa, 
the share of aquatic food production preserved by salting, smoking, fermentation or drying is higher 
than the world average (FAO, 2022).
These processing and preservation techniques remain vital as they help to lengthen the shelf-life of the 
fish and maintain their consumptive quality. Several tools are being explored by researchers globally 
against destructive insect pests of dried fish as well as spoilage microorganisms. Among the reported 
are extracts of plant parts- leaves, fruits and seeds, because of their eco-friendly nature.
Albizia lebbeck, a deciduous woody tree of the family Mimosaceae, is one of such plants that grow 
abundantly in the savannah regions of sub-saharan Africa. It is traditionally used for treating asthma, 
colds, coughs, and other allergic diseases (Zia-Ul-Haq et al., 2013). Therefore, the focus of this study is 
to examine the larvicidal potential of the seed oil extract against Dermestes maculatus, pest of smoke-
dried Clarias gariepinus.

ABSTRACT
This study was designed to investigate the larvicidal effect of the seed 
oil of Albizia lebbeck on the larvae of Dermestes maculatus. Soxhlet 
extraction technique was used to obtain the oil from the seeds. The 
physicochemical property of the oil was determined by standard 
procedure. The fatty acid composition of the oil was also determined 
by GCMS procedure. 30 late instar larvae each were randomly 
distributed to fish treated with different concentrations of the oil 
(0.003ml/g, 0.009ml/g, 0.027ml/g, 0.081ml/g and 0.243ml/g) for 
the definitive test. Each treatment was replicated thrice. The 
repellency effect was high at 0.081ml/g and 0.243ml/g. The 
mortality of D. maculatus larvae increased with increasing 
concentration which was also time dependent implying that Albizia 
lebbeck seed oil could be considered as an effective tool in the control 
of D. maculatus pest of smoke-dried fish.

Keywords:
Repellency, Larvicidal,
Dermestes Larvae,
Mortality
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MATERIALS AND METHODS 
Study Area
 The experiment was conducted in the Fisheries Research Laboratory of the Department of Biological 
Sciences, Ahmadu Bello University, Samaru, Zaria, Kaduna State, Nigeria at ambient temperature of 

obetween 25 - 30 C.
Sources of Plant Materials 
The seeds of A. lebbeck used for this study were collected from fruiting trees within the Main Campus 
of Ahmadu Bello University, Samaru, Zaria. They were properly identified and authenticated at the 
herbarium unit of Biological Sciences Department, Ahmadu Bello University, Zaria.
Processing of plant materials 
Seeds of A. lebbeck were removed from their pods, sun-dried for 17 days after which they were 
pulverized using a mortar and pestle. The pulverized seeds were sieved and stored in pre-labeled new 
cellophane bags.
Extraction of oil by soxhlet extraction method 
40g of A. lebbeck seed powder was weighed into separate muslin cloth and introduced separately into the 
soxhlet chamber for the oil extraction. In the round bottom flask, 350ml of n – hexane was introduced as 
extraction solvent. The extraction was done at 60 - 80° C until the solvent in the soxhlet chamber became 
transparent. The soxhlet apparatus was dismantled and the content of the round bottom flask were 
transferred to a rotary evaporator which was used to evaporate excess solvent from the oil. The extracted 
seed oils were stored in separate labeled bottles in a cool place until used for bioassay.
Collection and Treatment of Insects 
Insects belonging to D. maculatus taxon were obtained from infested fish pieces purchased from Sabon 

o o
– Gari market (11 13'N and 07 52'E), Zaria. Their larvae were properly identified under X40 
magnification of a stereo microscope using the pictorial keys of Haines (1991). The larvae were 
acclimatized for 24 hours in the laboratory before being subjected to bioassay.
Collection of Smoke – Dried Fish 
Smoked catfish, Clarias gariepinus specimen weighing between 17 – 20g, were purchased from Sabon 
– Gari market, Zaria. 
Pilot Study 
Range finding tests were conducted to determine the concentration range of A. lebbeck oil to be used 
for the definitive tests (bioassay). This was done by applying five nominal concentrations (0.001 to 
0.234mlg-1 that is, preceding concentration multiplied by 3 gives the next concentration) of the oil to 
the heat sterilized fishes in triplicate and placing them singly in Kilner jars. Thirty (30) late instar larvae 
of D. maculatus were then introduced in triplicate into each jar. The set up were observed at 24, 48, 72 
and 96 hours to establish total and zero mortality/minimal mortality range. Five concentrations 
between total and zero mortality observed in this study were chosen for the bioassay test. 
Bioassay 
The smoke – dried fishes were heat sterilized in the oven set at 60±2° C for one hour and then allowed 
to cool. After cooling to room temperature, each fish was weighed and tagged. From the pilot study 
conducted, the following application levels 0.003mlg-1, 0.009mlg-1, 0.027mlg-1, 0.081mlg-1, and 
0.234mlg-1 of the oils were determined. Oil treated fishes were introduced into separate Kilner jars 
for the larvicidal test. Thirty (30) late instar larvae of D. maculatus were introduced into the jars and 
the entire set up were replicated. Observations were recorded at 24, 48, 72 and 96hours exposure 
time. The repellent effects of the oil were tested in triplicates using rectangular glass containers of 
18cmx12cmx10cm dimension. A treated and an untreated fish were placed at opposite extremes in 
the container and 30 late instar larvae were introduced at the mid-point of it. The setup were left for 24 
hours at which time larvae found within 1cm radius of the treated fish are considered repelled. 
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Determination of the Physico-Chemical Properties of the Seed Oil
 The physico-chemical properties of A. lebbeck seed oil was determined using AOAC Standard 
Methods (Official Methods of Analysis, 1998; Oils and Fats, 2012). The GC-MS profile of the seed oil 
was determined using a Hewlett-Packard model: 6890NGC-MS system (Agilent Technologies) 
coupled to a mass-spectrometer model: HP5973.
Statistical Analysis 
All repellent and mortality data were subjected to Analysis of Variance (ANOVA) at p< 0.05 to 
determine significant difference between treatments. Least Significant Difference (LSD) was 
employed to separate the means. Mortality data were subjected to Probit Analysis to determine their 
median lethal concentration (LC50) of the seed oil of A. lebbeck. 

RESULTS AND DISCUSSION
Table I: Physico-chemical Properties of A. lebbeck seed oil

A. lebbeck Seed oil Relative 

Density

Refractive 

Index 

Saponification 

value 

Peroxide 

value 

Iodine 

value 

Acid 

value 

% Composition 0.92 1.47 196.30 4.49 114.00 5.14 

Table II: Fatty Acid compositions(%) of A. lebbeck seed oil 

Fatty Acids Arachidic acid Linoleic acid Palmitic acid Stearic acid 

% Composition 1.54 40.95 13.40 4.59

Table III: Metabolite compositions (%) of A. lebbeck seed oil   

Metabolites Linolein Linoleic 

acid 

chloride 

Pentacosane  Tetracosane  Ethanone  Oxirane  2,2- 

Dimethylvaleraldehyde 

% Composition 15.38 12.40 6.08 3.62 1.27 0.45 0.33 

Table IV: Repellent effect of Albizia lebbeck seed oil against Dermestes maculatus larvae at 24 hours 
exposure period (p<0.05).

Application(ml) per 

17g fish 

Mean number of 

larvae on treated 

fish

Mean number of 

larvae on untreated 

fish 

Repellency Rate 

(%) 

Repellency Class 

(RC) 

0.05(0.003mlg-1 ) 29.33 0.67±0.33e -95.56 I

0.15(0.009mlg-1 ) 25.33 4.67±0.33d -68.89 I

0.46(0.027mlg-1 ) 14.33 15.67±0.67c 4.44 II

1.38(0.081mlg-1 ) 3.33 27.67±0.33b 77.78 V

Fig. I:
Percentage Mortality effect of
Albizia lebbeck seed oil on
Dermestes maculatus larvae
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Fig. II: Probit graph use to determine the LC50 of Albizia lebbeck seed oil against Dermestes 
maculatus larvae (LC50 = 0.038mlg-1)

Albizia lebbeck seed oil is very rich in linoleic acid (Table II) which has been implicated in death 
recognition and death aversion (repellency) in cockroaches (Rollo et al., 1995). Other fatty acids 
worthy of note that is present in this seed oil is the palmitic acid and stearic acid which is believed to 
have worked synergistically with linoleic acid to produce the repellent as well as mortality effect on the 
larvae of D. maculatus observed in this study. According to Verónica Herrera-Mayorga et al. (2021), 
oleic acid, palmitic acid and stearic acid had strong insecticidal effect against Spodoptera frugiperda  
concluding that palmitic acid was the most active agent followed by oleic and stearic acid extracted 
from Carica papaya. Oxirane (Table III) otherwise known as Ethylene oxide detected in this oil could 
have contributed to its toxicity to the larvae of D. maculatus since it was in common use as a fumigant 
for grain, and by the 1950's, it was widely used in museums, libraries and archives for insect pest 
control (Ballard and Baer, 1986). Pentacosane and Tetracosane are alkanes and triterpenes detected in 
A. lebbeck seed oil and could have contributed to the toxicity to the larvae of D. maculatus. These 
alkanes were noted by Sanford and Satish (1998) to possess insecticidal properties and are used to kill 
insects that damage crops. It can therefore be deduced that these metabolites could have worked in a 
synergistic way with the fatty acid components of the oil to bring about the repellency and mortality of 
the larvae of D. maculatus observed in this study. 
The seed oil of A. lebbeck excellently repelled the larvae of Dermestes maculatus from treated smoke – 
dried fish, Clarias gariepinus thereby preserving the fishes (Table IV). The repellency effect increased 
with increasing concentration of the oil. This view is largely supported by Stoll (2000) who reported 
repellence as a major mechanism by which plant products control insect damage to stored produce. 
Akinwumi et al. (2007) also reported in this light that extracts of Dennettia tripetala, Eugenia aromatica, 
Monodora myristica and Piper guineense exhibited repellency against D. maculatus. 
Compounds like monoterpenes, diterpenes alcohol (phytol), triterpenes and volatile terpenoids (Table 
III) which are repellent to most insects as reported by Nerio et al., (2010) make up a notable proportion of 
this seed oil tested in this study and could likely have been responsible for the repellent effect observed 
against the larvae of D. maculatus. These repellent molecules could have interacted with the olfactory 
receptors and block the sense of smell compelling them to move away from the treated fish. 
A. lebbeck seed oil tested in this study showed significant mortality (p<0.05) of D. maculatus larvae 
(Fig. I) exposing these oils as valuable products for the control of insect pests of smoke – dried African 
catfish. The seed oils are suspected to have a contact mode of action on the larvae since they were killed 
as a result of their transient contact with the treated fish. Lale (1995) reported that plant extracts are 
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highly lipophilic and could penetrate the cuticle of insects. The toxicity effect observed in this study 
can also be attributed to the various chemical ingredients present alongside the fatty acid compositions 
in the oils as agreed with Butterworth and Morgan (1968) who reported that toxicity of essential oils is 
associated with the presence of many chemical ingredients such as triterpenoids. Lu and Wu (2010) 
also suggested that various essential oils or their constituents cause symptoms that suggest a neurotoxic 
mode of action. Odeyemi et al. (2000) observed that cases of high mortality occur in larvae partly 
because of their inability to detoxify plant toxins when feeding actively, especially at the 1st to 4th 
instar larval stages. Okonkwo and Okoye (2001) reported 100 percent kill of larvae of D. maculatus 
when treated with extracts of D. tripetala and P. guineense at dosages lower than the powders which 
was similarly the case reported for A. lebbeck seed oil in the present study (0.243mlg-1 ).
The mortality effect of the oils in this present study could also be attributed to the oils coating the 
surface of the fish thereby causing the larvae to avoid the treated fish resulting in starvation and death. 
Adedire et al. (2011) suggested that the mode of action of the plant powder and oil could be as a result 
of the powder and oil coating the treated cowpea seeds which prevented contact between the seeds 
and the bruchid resulting in starvation. Again, the oils could have blocked the spiracles of the larvae in 
contact with the treated fish thereby resulting in their suffocation and eventual death (Adedire et al., 
2011). LC50 value of Albizia lebbeck seed oil was computed to be 0.038mlg-1 as shown in Fig. II 
indicating that the oil is very effective in protecting the fish against the larvae of D. maculatus.

CONCLUSION
In conclusion, the seed oil of Albizia lebbeck showed commendable repellent and larvicidal activities 
on the larvae of D. maculatus and retain activities even at 96h exposure period, confirming the residual 
nature of the effect of the oil. Therefore, Albizia lebbeck seed oil could form the basis for a successful 
formulation and commercialization of biopesticides against D. maculatus. It could provide valuable 
alternative to the synthetic insecticides in the management of storage insect pests of smoke-dried 
fishes. However, further study is required to ascertain the palatability of smoke-dried fish treated with 
this seed oil extract.
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INTRODUCTION
Fish has a high nutritional value because it provides high-quality protein, is rich in essential amino acids, is a 
good source of complex B vitamins, and contains a wide variety of minerals, including phosphorus, 
magnesium, iron, zinc, and even iodine in marine fish (Arino et al., 2013). Fish protein concentrate has 
been highly studied due to its nutritional characteristics and its potential for human consumption (Godoy 
et al., 2013). Fish protein also provides health benefits to the adult population. There is strong evidence 
that fish in particular oily fish, lowers the risk of coronary heart disease mortality by up to 3.6% due to a 
combination of Environmental Protection Agency and docosahexaenoic acid (FAO/WHO 2011).
Fish sauce is a brown to grey liquid with a unique aroma and flavor produced as the end product of fish. 
It is commonly used as a flavoring additive in cooking and often consumed as a condiment in daily meals 
(Montero et al., 2017). There has been a record of fish sauce consumption during the Roman and 
Athenian eras during the fifth century, namely Garum Aquerreta et al. (2002) as well as in ancient 
Greece, Aimeteon (Ishige, 1993). Fish sauces are known by different names throughout different 

ABSTRACT
The study aimed to evaluate the nutritional quality and organoleptic 
properties of fish sauce produced using low-market-valued fish flesh 
as a value addition to low-market-value fish. The fish sauce is 
composed of Heterotis niloticus flesh, sweet pepper, sesame, sugar, 
salt, ginger, and vegetable oil. The proximate composition and 
organoleptic properties of the sauce were conducted immediately 
after production and after six months of storage at room 
temperature. Data obtained from the proximate composition and 
microbial loads were subjected to a student's t-test, while data on 
organoleptic properties were subjected to descriptive statistics 
(percentage). The result showed that the crude protein, fat, 
moisture, crude fibre, ash and metabolisable energy of the sauce 
immediately after production were 28.77, 40.08%, 17.09%, 2.08%, 
4.48 %, and 3969.76 (kg/cal.), respectively. In contrast, 27.66%, 
42.50%, 16.95%, 2.00%, and 39.29.75 (kg/cal.) were the crude 
protein, fat, moisture, crude, and metabolisable energy, respectively, 
of the sauce after 6 months of preservation at room temperature.  
Fifty (50.7%) of the panellists liked the product very much, while 
29.6%, 26.2%, and 32% liked the colour, flavour, and sweetness of 
the fish sauce very much. However, the majority of the panellists 
(52.1 and 50.5%) slightly disliked the flavour and saltiness of the fish 
sauce. Conclusively, fish sauce made from fish Heterotis niloticus 
flesh is nutritious, and the product can increase the market value and 
acceptability of the fish. 

Keywords:
Fish sauce, nutritional
quality, Proximate
composition,
Value edition to fish
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countries, such as Nam-pla (Thailand), Bagoong (Philippines), Bakasang (Indonesia), Shottsuru 
(Japan), Aekjot (Korea), Yu-lu (China), Colombo cure (India), Ngapi (Burma) and Budu (Malaysia) 
(Kuda & Miyawaki, 2010; Sim et al., 2015). These varieties of fish sauce products have different fish 
species used as the primary raw material, salt concentrations, storage temperatures, storage containers, 
and processing techniques, resulting in a final product with unique characteristics of different smells, 
tastes, and colors (Lopetcharat et al., 2007). Fish sauce prepared using low-valued fish is a common 
menu among Asians, especially in China (Diyaware et al., 2004).
The African bony tongue, Heterotis niloticus, belonging to the family Osteoglossidae, is a large fish that 
is widespread in many tropical rivers and freshwater lakes of western and central parts of Africa 
(Agbugui et al., 2021). It is found all year round in most Rivers and lakes, such as Benue and Chad, 
respectively, and Dams like Alau, Tiga, and Shiror) of Northern Nigeria. The H. niloticus is a scaly 
species that has good quality flesh enhanced by its high muscle-to-bone ratio, and its bones and 
cartilage pose less danger of choking to consumers. However, it does not command high market value 
compared to Clarias and Tilapia species due to its taste. Udo (201) reported that H. niloticus grows 
bigger, but due to its taste it is not attractive, hence commands low patronage. Its protein contents also 
tend to be lower than that of other fish species. According to Udo (2012), H. niloticus has 18.92 % 
crude protein, 51% moisture, 16.0% fat, 5% ash and 339.0 metabolisable energy. Sulieman and Omer 
(2021) reported 61.20, 5.5, 782.0, and 12.5% crude protein, ash, moisture, and fat, respectively, while 
308.58 k/cal of metabolisable energy. He suggested an alternative way to convert the use of fish, 
especially into meals. Noor-E-Islami et al. (2015) produced fish sauce using low-value small fish.
Value addition refers to any process that enhances the value of fish products by increasing their shelf 
life, improving their quality and acceptability, or transforming them into more marketable or 
consumer-friendly forms. Adding value to fish that has less market value often results in higher prices, 
allowing producers and processors to earn more.
It is, therefore, imperative to enhance the nutritional and market value of the aim of increasing food 
and nutrition, especially among young children.  Several values have been added to other fish species 
(fish fingers, fish pie, fish Jacky, etc., but none was done using Heterotis niloticus. The objective of the 
study, therefore, is to develop and evaluate the nutritional composition and organoleptic properties of 
fish sauce produced using H. niloticus flesh as a major raw material.
 
MATERIALS AND METHODS
Study Area
The study was carried out in the fish nutrition and postharvest technology of the Department of 
Fisheries, University of Maiduguri. The University of Maiduguri lies between latitude 11° 05'N and 
longitude 13°20'E. It has two distinct seasons: a rainy season with an annual rainfall of about 500mm 
from June to October and a hot, dry season from March to May. The dry season is preceded by a period 
of harmattan from November to February with very low temperatures (Duwa et al., 2012).

Collection of Ingredients and Preparation of fish sauce
Fresh Heterotis niloticus of 4000g weight and 18-20 cm length each were procured from fishermen at 
Abbary landing site Lake.  The fish was placed into an ice box containing crushed ice and transported to 
the Fish nutrition and postharvest technology laboratory. The fish were descaled, degutted, fins 
removed, beheaded, and washed. Dried sweet pepper, sesame, vegetable oil, sugar, ginger, and table 
salt were procured from Monday Market Maiduguri. 
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The sweet pepper and ginger were ground separately into a fine powder using an electric grinding 
machine. They were then sieved through a 0.2mm mesh sieve. The sesame was briefly soaked in tap 
water to remove chaff and dust and then toasted until the moisture was no longer visible. The fish was 
beheaded and steamed for 30 minutes, then allowed to cool to room temperature. The cold steamed 
H. niloticus was mashed using a wooden pestle and mortar. Each of the required ingredients and the 
fish were weighed (table 1) using an electric weigh balance. The weighed ingredients were mixed 
manually in a stainless-steel bowl. Hot vegetable oil was then gently added at once into the mixture 
(Fig. 1). The mixture was allowed to cool to warm before packaging.

Packaging
Four hundred mill (400ml) capacity used glass bottles were procured in the Maiduguri Monday 
market. The bottles were sterilized using an autoclave at 100oC for 15 minutes. The fish sauce was 
packaged in 400ml bottles and kept on the laboratory table until required. 

Table 1: Recipe for the Production of Fish Sauce with Heterotis niloticus
Ingredients Inclusion level (%)
Heterotis niloticus flesh 22.80
Sweet pepper 2.80
Sesame 3.30
Ginger 17.30
Sugar 30.30
Salt 0.10
Vegetable oil 24.50

 

Fig. 1: Flow Chart for the production of fish sauce production.
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Proximate Composition of Fish Sauce 
One hundred (100 g) of freshly produced and 6 months of stored fish sauce were packed in 120 mil 
capacity bottles in replicates and shipped to the Animal care quality control laboratory for proximate 
analysis.  The proximate was conducted using a digital Neared Infrared (NIR) Multi-Checker (Model: 
21MC11309A06). Samples of the fish sauce were placed in the NIR multi-check static sample cup 
filled to three-quarters and placed back into the NIR Multi-check. The measurement bottom was then 
pressed, and the result (proximate composition) was displayed within 60 seconds. This was repeated 
three times using separate samples of both freshly produced and six-month preserved fish sauce.

Organoleptic Assessment
Organoleptic characteristics like colour, flavour, texture, taste, saltiness, sweetness, and general 
acceptability were evaluated by 50 panellists randomly selected from the University community using 
5-scale Hedonic scales (Lawless & Heymann, 2010).

STATISTICAL ANALYSIS
Proximate composition data were subjected to a one-way analysis of variance. Differences between the 
means of the student t-tests were analyzed using Statistix 8.0.

RESULTS AND DISCUSSION
Table 1 shows the proximate composition of fresh and stored fish sauce. The crude protein of the fresh 
and preserved fish sauce was 28.77 and 27.66 %, respectively, while fat, moisture, crude fiber, dry 
matter, and metabolizable energy were 40.08 and 17.09. 2.08, 81.09 % 3969.76 (kg/cal.), and 42.50, 
16.95. 2.0, 83.05% and 3926.75(kg/cal.), respectively.  There were no significant differences between 
the nutrient composition of the freshly produced and the six months of stored fish sauce.  However, 
ash content was significantly higher in the freshly produced fish sauce compared to the 6-month stored 
sauce.  The crude protein content of fish sauce made from H. niloticus in this study was better than 
18.92% of freshly caught H. niloticus observed by Udo (2012) and that of sundried (16.60%) and 
solar-dried (10.30%) H. niloticus reported by Oparaku et al. (2010). The variation in the crude protein 
might been caused by the presence of sesame, which is leguminous and has high protein (18 to 25%) 
contents (FAO, 2019: Abou-Gharbia et al., 2000: Seid and Mehari, 2022). Similarly, the fat content 
observed in this study was higher than the 16.0 % reported by Udo (2012).  The variation in the fat 
could be due to the additional vegetable oil used for the production of the fish sauce.

Table 1: Proximate Composition of fresh and stored Fish Sauce

Nutrients Immediately after 
Production

After 6 months of 
storage

SE (P=0.05)

Crude Protein 28.77 27.66 0.02
Fat 40.08 42.50 0.01
Moisture Content 17.09 16.95 7.07
Crude Fiber 2.08 2.00 0.02
Ash Content 4.48a 2.00b 0.34
Dry matter 81.09 83.05 0.02
Met. Energy (kg/cal.) 3969.76 3929.75 28.28

This means in the same row having the same superscript are not significantly different (p>0,05)

The organoleptic properties of fish sauce produced using H. niloticus and stored for 6 months are 
presented in Table 2. A majority (50.7%) of the panellists generally accepted (like very much), while 
29.6, 26.2, and 32 liked the colour, flavour, and sweetness of the fish sauce very much. Additionally, 
60.6, 70.4, 69, 21, and 28% of the panellists slightly liked the colour, taste, flavour, texture, saltness 
and sweetness, respectively. However, the majority of the panellists (52.1 and 50.5%) slightly dislike 
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the flavour and saltness of the fish sauce. This indicates that the product is salty and likely to be not 
suitable for people with hypertension, as high sodium intake increases the risk of cardiovascular 
diseases, stroke, and kidney disease (He and MacGregor, 2009).

Table 2: The Organoleptic Properties of Fish Sauce after Storage for 6 Months

Statement LVM LS NLND SDL DLV Total (%)
Acceptability 50.7 30.6 10.2 1.3 7.2 100
Colour 29.6 70.4 - - - 100
Taste 26.2 60.6 4.6 3.2 4.0 100
Flavor 9.86 21.13 16.90 52.12 100
Texture 14.1 69.0 7.0 9.9 - 100
Saltness 12 21.4 6.0 50.5 4.1 100
Sweet 32.2 28.4 13 20.4 - 100

Key: LVM=like very much, LS=like slightly, NLND=Neither Like nor Dislike, SDL=Slightly 
Dislike, DLV=Dislike Very much. 

Only a small number of panelists did not like the fish sauce. The fish sauce produced in this study is 
nutritious and can be stored at room temperature for 6 months without affecting its nutritional value 
and taste. Even though the fish sauce made using H. niloticus as the main raw material is nutritious, 
people with high blood pressure and diabetic patients are advised to avoid adding salt and sugar, 
respectively, when preparing fish sauce.

CONCLUSION
Conclusively, fish sauce made from Heterotis niloticus flesh is nutritious, tasty and acceptable, and it 
can increase the fish's market value and acceptability. 
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INTRODUCTION 
Fish spoilage in Nigeria is influenced to a large extent by high ambient temperatures, considerable 
distances of landing port to point of utilization and poor as well as inadequate infrastructure, post-
harvest processing and landing (Saliu, 2008). Proper preservation starts the moment fish is harvested 
until it reaches the consumer's table (Oluborode et al., 2010). 
Fish is one of the cheap and fairly accessible animal protein sources; consumption of fish provides 
readily available dietary nutrients to a large number of the people worldwide and makes a very 
significant contribution to nutrition (Mufutau, 2012). According to Adesina et al. (2014), fish 
constitutes about 50% of animal protein intake in Nigeria which can be attributed to the increasing cost 
of beef; and owing to nutritional and health benefits of fish, accounts for its wide acceptability on the 
menu table of most Nigerians irrespective of socio -economic status, age and religious background.

ABSTRACT
Consumer awareness of nutritious and healthy diets has led to the 
creation of functional foods. This study aimed to determine the 
nutritional profile of African catfish (Clarias gariepinus) by 
incorporating onion (Allium cepa) tunic infusion at varying levels: A 
(5%), B (15%), C (25%), and D (0%). The fish was assessed for the 
impact of onion tunic inclusion on its biochemical properties, 
chemical composition and sensory attributes of smoke-dried catfish. 
Inclusion of onion tunic significantly affected the proximate 
composition, with variations in moisture, ash, fat, and nitrogen-free 
extract. The highest moisture content (8.2%) was observed in the 
15% inclusion sample, while the lowest (5.6%) was in the 25% group. 
Ash content increased with inclusion, peaking at 14.3% in the 25% 
sample. Fat content was highest at 19.1% in the 15% group, but 
protein content decreased with higher onion tunic inclusion, 
dropping to 54.1% in the 25% sample. Sensory evaluation showed no 
significant differences in most attributes (p > 0.05), except for 
mouthfeel (p = 0.037), where the control sample differed from 
those with onion tunic inclusion. Mineral analysis revealed that 
calcium and zinc levels decreased with higher onion tunic inclusion, 
while potassium and sodium concentrations increased significantly 
(p < 0.05). Copper levels were highest in the control (2.13 
mg/100g), but decreased with onion tunic inclusion. The study 
suggests that onion tunic affects both the nutritional profile and 
sensory qualities of smoke-dried fish, with varying effects based on 
inclusion levels. Further research is needed to explore its impact on 
protein content and sensory attributes.

Keywords:
Clarias gariepinus,
functional food,
Nutritional profile,
Onion tunic,
sensory property.
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Smoking is the most popular method of fish processing and among the several methods of long-term 
preservation of fish, smoking is perhaps the simplest method as it does not require sophisticated 
equipment or highly skilled workers (Kolawole, 2011). Fish smoking is one of the most widely used 
traditional fish-processing methods. Various species of fish are smoked depending on the availability. 
Clarias gariepinus specie is among the most commonly cultured and smoked fish in Nigeria (Akinola et 
al., 2006). Quality and shelf life of fish and fish products are often enhanced by using various food 
additives during handling, processing and storage. Due to potential health hazards synthetic additives 
are replaced by their natural counter paths such as extracts containing bioactive compound isolated 
from various plant sources which have shown remarkable antioxidant and antimicrobial activities. 
Consumption of food containing natural aromatic plant extracts is expected to prevent the risk of 
many free radical mediated diseases according to Rahman (2007) and to enhance the nutritional value 
of consumed foods, researchers are exploring various natural plant-based ingredients, such as 
byproducts of agricultural processing due to their bioactive compounds and economic viability (Kumar 
et al., 2022b).
Onion (Allium Cepa), are edible allium among the oldest cultivated plants, and it belong to family of 
Alliaceae. Onion is commonly used the world over. Onion peel/skin contains bioactive compounds 
such as phytochemicals, total phenolic compounds, flavonoids, tannins, vitamins with quercetin and its 
derivates as major compounds. These bioactive substances have been proven to have various health 
benefits such as the prevention of lifestyle diseases such as obesity, cardiovascular diseases, diabetics 
and other therapeutic benefits such as anticancer and antimicrobial properties (kumar et al., 2022a). 
Studies have shown that the concentration of anthocyanins is higher in red when compared to white or 
yellow cultivar (Slimestad et al., 2007).
Several synthetic antimicrobial compounds have been used to delay microbial proliferation and 
oxidative changes in fish processing and even though highly active, the metabolites of these synthetic 
preservatives have been reported to have toxicology effects (Naveena et al., 2008; Manju et al., 2012). 
Hence, interest in bio-preservation of food systems has increased because of the increase in bacterial 
resistance to synthetic antibiotics (Rahman, 2007). Therefore, it is very important to explore safe and 
inexpensive alternatives such as natural plants that have antimicrobial and antioxidants properties.

MATERIALS AND METHODS 
Description of the Study Area
The experiment was carried out at the Department of Fisheries and Aquaculture Fish market, Faculty 
of Renewable Natural Resources, Federal University Dutsin-Ma, and Dutsin-Ma Local Government 
Area of Katsina State. Dutsin-Ma local government lies between latitude 12°27'14.11" North and 
longitude 7o 29' 50.03" East. The area is characterized by Sudan savannah a semi-arid climate with 
distinct wet and dry seasons.
Experimental Design
A complete randomized design was used for this experiment composing of three (3) treatment (A, B, 
C) and (D) as control. 

Collection and Preparation of Materials 
Method of Onion tunic (Allium cepa) Crude Extract 
 The onion tunic was sun dried, sorted to remove dirt and then milled into powder. The powdered 
onion tunic was measured corresponding to the different Samples (Sample A=5g; Sample B=15g; 
Sample C=25g and Sample D=0g onion powder as control) and was poured into different plastic 
container each and a solvent (water) of about 500ml was added to soak overnight for about 12hrs 
according to Kumolu-Johnson et al. (2010) methods as slightly modified. The container was kept in a 
cupboard with occasional shaking and left to infuse for 12 hours. The mixture was filtered using a 
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0.5mm strainer to get a clear infusion. This was stored in a beaker for further use.
Preparation of the African Catfish (Clarias gariepinus)
6 Kg of Clarias gariepinus with an average weight of 350g - 500g was purchased from Sauki Fish Farms 
in Katsina-State; the fish were chilled on ice and transported to the University Fish Market in Dutsin-
Ma. The fish were divided into 4 groups of 1.5Kg fish/treatment. The fish was gutted, washed off its 
slime, brined (5% saline solution for 15 minutes) and then coiled into the traditional horse-shoe shape 
and allowed to drain. 
Application of the Onion tunic (Allium cepa) Infusion
Each group of coiled fish was marinated with the different extracted infusion (Sample A - D) for 
20minutes according to Latifa et al. (2014) methods as slightly modified and then drained and air dried 
for 1 hour prior to smoking process. 
Smoking Process
The smoking was done using the Kainji smoking kiln, and the time taken to smoke-dry the fish sample 
to constant weight was observed. The source of heat was the Purple Orchid (Piliostigma reticulatum) 
'Geza' wood due to its low Polycyclic Aromatic Hydrocarbon (PAHs) deposits (Dasuki et al., 2022). 
The smoking chamber was preheated to a desired temperature with proper ventilation ensured. The 
fish samples were arranged on the smoking racks, leaving adequate space between each sample for 
smoke circulation, the smoking process was monitored closely to prevent overcooking or burning of the 
fish. On completion of this process, the fish were left to cool and subsequently packaged in a 
transparent polythene bag against microbial infections (Abolagba et al., 2008).
Quality Evaluation
The quality attributes of the smoked Clarias gariepinus samples treated with onion tunic extract was 
assessed.  The comparison was carried out in terms of organoleptic characteristics such as taste, 
texture, colour, odour, Appearance and overall acceptability/ general comment as described by Iwe 
(2002). A 9-point hedonic scale was used where, 9 would be “Like extremely” and a score of 1 would 
be “dislike extremely”. 15 semi-trained panel from Department of Fisheries and Aquaculture, Faculty 
of Renewable Natural Resources, Federal University Dutsin-Ma Katsina State, made of staffs and 
students assessed. 
Proximate Composition
 The proximate analysis of the smoked fish was carried out according to the official methods of analysis 
described by the Association of Official Analytical Chemists (AOAC, 1990). This was analysed at the 
Biochemistry Lab of Federal University Dutse.

MINERAL CONTENT OF ANALYSIS
Mineral content analysis was carried out according to methods of AOAC (2000). Samples ash was 
achieved at 600°C for 2 hours and the weight was recorded. This was followed by sample digestion 
(residue) using 5cm3 of concentrated Nitric acid and then filtered using a filter paper in to 100ml 
volumetric flask and was diluted to the mark with distilled water. It was then transferred in to sampling 
bottle, ready for analyses. The procedure was repeated for all other samples. Calcium (Ca), copper 
(Cu), potassium (K), magnesium (Mg), sodium (Na), and zinc (Zn) were determined by atomic 
absorption spectrophotometer (AAS) an alpha four model atomic absorption spectrophotometer 
(PerkinElmer PinAAcle 900H USA), equipped with adequate digital read out system was used for the 
work; operating conditions as recommended by the manufacturer.

DATA ANALYSIS
The data obtained were subjected to simple descriptive statistics for the organoleptic assessment while 
Analysis of Variance (ANOVA) and a statistical significance was set at p <0.05 least significance difference 
(LSD) using Statistical Packaged for Social Sciences (SPSS version 16.1) was made between Samples.
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RESULTS AND DISCUSSION
The study investigated the effect of varying percentages of onion tunic inclusion on the chemical 
composition and sensory attributes of smoke-dried fish samples. The results (Table 1) showed that 
higher onion tunic inclusion significantly influenced the proximate composition. Moisture content was 
highest in Sample B (15% inclusion) at 8.203%, and lowest in Sample C (25% inclusion) at 5.619%. 
Ash content increased with onion tunic inclusion, peaking at 14.272% in Sample C, while the control 
(Sample D) had 9.686%. Fat content was highest in Sample B (19.113%) and lowest in the control 
(14.422%). Conversely, protein content was highest in the control (65.625%) and lowest in Sample C 
(54.141%), suggesting a dilution effect of onion tunic on protein concentration. The nitrogen-free 
extract content was highest in Sample C (7.7565%), indicating a higher contribution of non-protein, 
non-fat constituents from onion tunic.

Table 1: Results Showing Differences in Nutrient Composition of Smoked Clarias gariepinus treated 
with Onion tunic.
Different superscripts (a, b, c) within each row indicate significant differences between samples at the 
p < 0.05 level. 

Parameters Sample A
5% Onion Tunic 

Infusion

Sample B
15%Onion Tunic 

Infusion

Sample C 
25% Onion 

Tunic Infusion 

Sample D 
Control 

% Moisture 5.788 ± c0.003 a8.203 ± 0.004 b5.620 ± 0.022 d6.038 ± 0.053
% Ash c7.431 ± 0.038 b8.697 ± 0.040 a14.272 ± 0.068 d9.686 ± 0.028
% Fat c15.567 ± 0.097 a19.113 ± 0.016 b18.211 ± 0.021 d14.422 ± 0.047
% Protein a65.078 ± 0.774 b59.596 ± 0.792 54.141 ± c0.774 a65.625 ± 0.000
% Nitrogen Free Extract b6.137 ± 0.911 c4.392 ± 0.740 a7.757 ± 0.885 c4.230 ± 0.129

The results for sensory evaluation (Table 2) revealed no significant differences (p > 0.05) in most 
sensory attributes such as colour, aroma, appearance, texture, taste, and general acceptability. 
However, mouth feel showed a significant difference (p = 0.037), with post-hoc analysis indicating 
that the control sample differed significantly from Samples A (5% inclusion) and B (15% inclusion).
Optimization of smoking conditions to enhance mineral retention and organoleptic properties was 
achieved by using Purple Orchid tree (Piliostigma reticulatum) wood for smoking as reported by 
Dasuki et al. (2022) in their works on different wood types used in smoking Bagrus bayad fish. The 
study's findings align with previous research, such as Hwang et al. (2011), who reported similar trends 
of increased ash and reduced protein content with the inclusion of dietary fibers, like apple pomace. 
The elevated fat content in the 15% onion tunic group contrasts with Talukder (2012), who found that 
fiber-rich carrot pomace generally reduced fat content. This discrepancy may result from the unique 
interaction of onion tunic fibers with the food matrix.

Table 2: Results of Sensory Evaluation of Smoked Clarias gariepinus treated with Onion tunic using 
Different inclusion levels 

Sensory Attribute Sample A
5g onion tunic 
inclusion

Sample B
15g onion tunic 
inclusion

Sample C
25g onion tunic
inclusion

Sample D
Control 

p-value

Colour 7.5 ± 0.4 7.3 ± 0.5 7.6 ± 0.4 7.4 ± 0.3 0.831
Appearance 7.6 ± 0.3 7.5 ± 0.4 7.7 ± 0.3 7.6 ± 0.4 0.756
Aroma 7.4 ± 0.5 7.3 ± 0.4 7.5 ± 0.5 7.3 ± 0.4 0.628
Texture 7.8 ± 0.3 7.7 ± 0.4 7.9 ± 0.3 7.7 ± 0.4 0.534
Taste 7.7 ± 0.4 7.6 ± 0.5 7.8 ± 0.4 7.7 ± 0.3 0.119
General Acceptability 7.6 ± 0.4 7.5 ± 0.5 7.7 ± 0.4 7.6 ± 0.3 0.712
Mouth Feel

a7.9 ± 0.2 a7.8 ± 0.3 a8.0 ± 0.2 b7.4 ± 0.4 0.037
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Different superscripts within each row indicate significant differences between samples at the p < 
0.05 level

The importance of mouth feels in sensory perception, noted in this study, is consistent with Johnson 
and Thompson (2016), highlighting its critical role in overall sensory evaluation. Comparing these 
results with existing literature reveals that significant differences in sensory attributes, such as colour 
and appearance, typically require substantial visual changes (Zhang et al., 2019). Similarly, Kim et al. 
(2018) found that aroma differences are only noticeable with major compositional changes. Texture 
and taste, although not significantly different here, align with the findings of Williams et al. (2017) and 
Lee et al. (2015), suggesting that substantial variations are necessary to influence sensory ratings. 
General acceptability followed similar patterns observed by Garcia and Martinez (2017), where 
overall trends are shaped by the combination of individual sensory attributes, emphasizing the central 
role of mouth feel in this context. Fish are also a good source of bionutrients, e.g., vitamins and minerals 
in diets according to Kiczorowska and Kiczorowski (2011) and the mineral contents of smoked African 
Catfish Clarias gariepinus treated with varying inclusion levels of onion tunic is presented in Table 3.  

The Ca content of all samples in this study was significantly (P < 0.05) different. Samples A and B had 
higher Ca content while sample of 25% inclusion was lowest (592.9) when compared to the control. 
The results obtained in this work in smoked samples are in disagreement with the report of Tenyang et 
al. (2020) who noted an increase in Ca content in smoked C. Nigrodigitatus; similarly, it is lower than 
(976mg/100g) Tenyang et al. (2022) for smoked Polypterus bichir bichir.

Table 3: Mineral composition of smoked Clarias gariepinus (mg/100g)

Samples Calcium Copper Potassium Manganese Sodium Zinc

A 712.7±1.08a 1.28±0.06b 4083±35.60c 4.40±0.03c 851.5±5.13c 14.1±0.05c

B 712.5±3.06a 1.94±0.03a 6157±31.70b 5.78±0.11b 1394±3.30b 19.04±0.07b

C 592.9±5.08ab 1.44±0.05b 7867±74.5a 3.94±0.04c 1551±5.4a 22.61±0.01a

D 698.9±4.49a 2.13±0.03a 4424±19.10c 8.24±0.08a 1233±2.40b 22.8±0.06a

Key: A = 5% onion tunic; B = 15% onion tunic; C = 25% onion tunic; D = control. Values represented 
as means ± standard deviation

Copper (Cu) content of Clarias gariepinus was highest 2.13mg/100g in the control while sample A (5%) 
inclusion recorded 1.28mg/100g the lowest value. The bioaccumulation of the microelements (Zn, Cu, 
Mn) in this study depends on several factors, such as the age of fish, its weight and body length (Farkas et 
al., 2003, Luczynska et al., 2009). These results were higher than 0.05 and 0.06mg/kg reported by Cieslik 
et al. (2017) for rainbow trot and Northern pike. Smoked Clarias gariepinus contains 4424mg/100g of 
potassium (K) in the control. The additive (onion tunic infusion) affected the K content and there was an 
increase significantly (P<0.05) across the Samples. The current study reveals a range of 4083 – 
7867mg/100g which is higher than 3209.6 – 4300.8 reported by Cieslik et al. (2017).
The levels of sodium (Na) are presented in Table 3. This microelement is very important for muscle 
functioning. The data showed that their content increased exponentially as inclusion level increased. 
The control (Sample D) recorded 1233mg/100g. This is in disagreement with the report of 
Kiczorowska et al. (2019) who reported a lower content of 530 – 1120mg/100g for SFF to SMF. This 
could be associated with brining during the processing stage. The recommended daily dose of Na is 575 
mg day-1 and a tolerable dose is 2350 mg day-1, thus any higher level of this element is unhealthy (if 
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eaten much and often), especially for consumers with cardiovascular problems, hypertension, etc. 
(Polak-Juszczak 2016) and results from this study revealed a tolerable content. The levels of zinc (Zn) 
of the African catfish revealed that as inclusion level increased, the levels of Zn also progressed. Results 
are higher than those for smoked Polypterus bichir bichir (6.84mg/100g) as reported by Tenyang et al. 
(2022). The lowest Zn (14.1mg/100g) was obtained in sample fortified with 5% powdered onion tunic 
infusion. The current study results are very low when compared to Cies lik et al. (2017) who reported a 
range of 7.86 – 12.59mg/Kg for common carp, rainbow trout and Northern pike.
Variation in mineral contents observed in the present work may be due to changes induced by inclusion 
level treatments. The differences observed in the concentration of various nutrients in the analysed 
fish species result from not only in the accumulation of mineral elements in tissues but may be due also 
to nutrient availability in the aquatic environment or feed as well as the ability to absorb and transform 
the compounds into essential nutritional components (Fawole et al., 2007).

CONCLUSION
The findings highlight the potential of onion tunic as a functional ingredient in food products, 
enhancing certain nutritional properties while maintaining acceptable sensory qualities. Further 
research is needed to fully understand the mechanisms behind these effects and to optimize the use of 
onion tunic in various fish food applications.
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INTRODUCTION 
Fish is one of the world's most traded food commodities, accounting for almost 10% of agricultural 
exports and having a higher global trade value than other animal goods (FAO, 2024). Fish are highly 
perishable, and their quality deteriorates quickly after harvest. Because of these qualities, fish have 50-
60% higher postharvest losses (PHFL) than agricultural commodities (Keerthana et al., 2022). 
Although Nigeria has an abundance of fish resources, post-harvest losses (PHL) from improper 
handling and preservation techniques continue to be a major problem (Abdul et al., 2024). According 
to Kaminski et al. (2020), developing nations are more susceptible to fish post-harvest losses because 
they lack advanced processing techniques, sufficient facilities for processing fish, technical capacity, 
and adequate electricity and market infrastructure.
Fisheries are an essential source of food security, especially for the poor emerging countries. In low-
income food deficient countries (LIFDCs), they account for 22% of total animal protein consumption 
(Demeke, 2013). Nigeria's fisheries sector is distinguished by a vast range of fish species, reflecting the 
natural diversity of its water bodies (Federal Ministry of Agriculture and Rural Development, 2017). 
The sector includes both artisanal and industrial fisheries, serving the diverse demands of a population 
that relies largely on fish as its principal source of animal protein (FAO, 2015). The fisheries industry, 
like any other food production sector, suffers from post-harvest losses. Thus, good post-harvest 
technology has a critical role in minimizing these losses, prolonging shelf life, enhancing hygiene, and 

ABSTRACT
The fisheries sector is critical to Nigeria's economy, providing major 
employment and nourishment. However, problems persist in the 
post-harvest stage, where inefficiencies in handling and preservation 
result in significant losses and reduced product quality. Post-harvest 
technology ensures that fishery products are available where, when, 
and in the form necessary. Fish preservation and processing of value-
added fish products requires current and enhanced post-harvest 
technologies. This review highlights the post-harvest technologies 
deployed in handling and preservation of fish and fish products in 
Nigeria. Drawing insights from diverse literature sources, the review 
underscores the impact of post-harvest technologies in the Nigerian 
fisheries sector and also elucidate the crucial role of product 
development and value addition in enhancing economic returns, 
expanding market opportunities, reducing waste, improving 
nutrition, and promoting food security. These advancements not only 
contribute to the reduction of post-harvest losses but also elevate the 
standards of fish products. New markets need be developed and a 
reliable supply of energy is essential.

Keywords:
Postharvest technology,
product development,
value addiction, food security 
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adding value to fish and fish products (Abdul et al., 2024).
There are several processing and preservation techniques accessible, ranging from basic conventional 
methods like smoking, drying, and salting to more advanced modern and improved technique such as 
destroying microbial DNA and pressure preservation (Sampels, 2015). Modern and enhanced post-
harvest methods are required for fish preservation and processing into value-added fish products 
(Munguti et al., 2021). Temperature-based preservation techniques, as well as conventional methods 
such as smoking and drying, are widely employed in many impoverished countries (Kyuleet al., 2014; 
Munguti et al., 2021). Traditional approaches, however, have limits, hence enhanced and modern 
technology are being recommended as a remedy to fish post-harvest losses (Keyombe et al., 2018).
Fish post-harvest losses (Fig. 1) can be reduced through fish value addition, which has a variety of 
benefits such as opening up new marketing opportunities through product differentiation, increasing 
fish shelf life, maintaining fish quality, and improving the safety of fish products (Sampels, 2015). 
Various post-harvest technologies, such as improved fish solar driers, improved fish smoking kilns, and 
improved fish processing and value-addition equipment, have been developed and promoted among 
fish traders across the globe (Keyombe et al., 2018).
The fish industry has progressed from traditional post- harvest practices to value - addition practices 
for many reasons (Magesa et al., 2024). Value addition is essential for increasing financial gains, opening 
up new markets, cutting waste, boosting food security, and improving nutrition. Value is added to fish 
and fisheries products in Africa based on the demands of various markets. Live, fresh, frozen cured, 
canned, and smoked fish are all exchanged. In Nigeria, smoking is one of the finest techniques to 
enhance the value of catfish (Magesa et al., 2024).

Figure 1: Stages of fish post harvest loss (Keerthana et al., 2022)
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POST-HARVEST TECHNOLOGIES 
This is an interdisciplinary "Science and Technique" applied to fisheries production after harvest for its 
preservation, conservation, processing, packing, distribution, marketing, and usage to meet the people's 
food and nutritional requirements in relation to their need. (https://www.slideshare.net/KarriRamarao). 
Post - harvest technologies encompass a broad spectrum, ranging from innovations in storage facilities 
and transportation to advancements in processing methods (FAO, 2015). They include the following:

Chilling and icing technology: This technology is critical for maintaining fresh fish quality during transit 
and marketing (Akande et al., 2017). Chilling involves the application of low temperatures just above 
freezing (0-4°C) without hardening fish. However, insufficient access to energy and ice infrastructure 
poses issues (World Bank, 2019).
Freezing technology: Freezing fish applies much lower temperature at sub-zero temperatures (-18°C or 
lower), to preserve fish for much longer time or even years. But it necessitates a significant investment 
in freezers and a steady power source (Ezenwa et al., 2012). Small-scale solar-powered refrigerators 
have intriguing applications in rural regions (Akaneme et al., 2019). 
Modified atmosphere packaging (MAP) technology: Uses regulated gas mixes to extend shelf life and 
retain freshness (Nnorom et al., 2018). This method necessitates specialized packaging materials and 
technical skills, limiting its use by small-scale processors (Adeyeye et al., 2020).
Fish smoking technology: Smoking fish has evolved over many generations, mostly to fit the local 
environment, and is an effective technique of drying and preserving fish in areas where there is no cold 
storage for fresh fish (Keerthana et al., 2022). It is often used for oily fish species; the smoke prevents 
microbial development while also adding flavor (Adedeji et al., 2018).
Fish drying technology: The fish's higher water activity and moisture content make it ideal for the growth 
of a variety of bacteria. As a result, lowering the moisture content of fish has an important role in 
preventing microbiological degradation, extending shelf life, and preserving nutrients (Abera et al, 2010). 
Fish drying technology is the most used traditional method, particularly in rural regions, because it is 
simple and inexpensive (Akinneye et al., 2012). However, it has slow drying times, uneven quality, and is 
susceptible to insects and pollution (FAO 2015). Improved smoking kilns, such as the Chorkor oven, 
increase efficiency and product quality (FAO, 2015). The most recent innovation in fish drying is the 
increasing use of dehydrators. Dehydrators offer several advantages over traditional sun drying or smoking 
methods. They preserve and help maintain the fish's nutritional value, texture and flavor (Jason, 2018), 
efficiently dry fish faster and more evenly (Raquel, 2020) and provide a clean and sanitized environment, 
minimizing the risk of contamination and spoilage (Sanches-Silva, 2014). Dehydrators can also help 
reduce water usage in fish processing, as they do not require water for drying (Raquel, 2020).
Fish Salting technology: This is a quick and easy way to preserve dry fish, especially along the seaside 
(Olagunju et al., 2019). However, using too much salt might have an adverse effect on nutritional value 
and flavor (Ojo et al., 2014). 
Time temperature indicator (TTI) Technology: The time temperature indicator (TTI) is one of the most 
popular forms of intelligent packaging technique. A TTI is a tiny self-adhesive label that can be applied to 
shipping containers or individual items. When the TTI is subjected to adverse conditions, its color changes 
irrevocably. TTIs are also used as freshness indicators for the estimation of the shelf life of perishable 
products. The majority of intelligent or active systems, however, increase the package's cost. Therefore, 
packaging improvements need to provide a net positive impact that outweighs the additional costs 
associated with this technology (Panagiotis et al., 2016).

STORAGE AND PACKAGING TECHNOLOGIES 
Novel storage technologies such as improved humidity packaging, ethylene absorbents, and irradiation 
are being investigated to improve the shelf life of perishables. Innovations in packaging and logistics, 
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including as active and intelligent packaging, geospatial technology, and blockchain, are changing fresh 
product shipping. Active packaging methods such as oxygen scavengers and antimicrobial packaging aid 
in increasing the shelf life of perishables during transportation (Yildirim et al., 2018). Intelligent 
packaging with sensors and indicators can monitor product quality and safety in real time (Lee et al., 
2015). Geospatial technology, such as GPS and GIS, offer real-time supply chain tracking and 
optimization (Aung and Chang, 2014). Blockchain technology is being researched to improve 
traceability, transparency, and trust in agri-food supply networkss (Kamilaris et al., 2019)

FISH PRODUCTS DEVELOPMENT AND VALUE ADDITION 
Some advantages of post harvest technology on value addition include: Reduced post-harvest losses: 
Technology implementation can dramatically minimize losses, increasing food availability and income 
for fishermen and processors (Akintola et al., 2017).
Improved product quality and safety: Proper preservation methods and hygienic handling procedures 
extend product shelf life and lower the danger of contamination and spoiling (Ogbonna et al., 2018). 
Value addition and market diversification: Processing techniques including filleting, smoking, and 
canning produce value-added products that increase market share and command higher prices 
(Ezenwa et al., 2012). Value addition increases the profitability of fishermen by lowering post-harvest 
losses, extending the shelf life of that specific fish product, and ensuring a steady supply of fish 
throughout the off-season (Kyule et al., 2014).
Product development and value addition: Product development refers to the methods and actions 
used to bring new products to a market or modify the existing products to create new business. It 
comprises several steps from producing an idea till distributing the products to consumers (Fig. 2). 

Figure 2:  Stages of product development process (Santhakumar et al., 2023)

Product development strategy is the process of bringing a new innovation to consumers from concept to 
testing through distribution (Santhakumar et al., 2023). The high levels of food loss and waste (FLW) in 
the fish value chain provide a strong case for development of fish products into globally acceptable forms 
such as fresh, sun-dried, smoked and fermented fish, as well as fish sauces and pastes. Other notable value-
added fish products include: the popular fish fillets (where the fish is cut into firm pieces making it easier 
to cook and consume), canned fish, fish sticks and fish burgers made from fish paste.
Product development will raise the product's added value, giving it a competitive edge and helping it to 
dominate the market. A few strategies to sustain fisheries' contribution to food security include 
reducing fish postharvest loss; these include developing new and value-added products; enhancing the 
conventional methods of handling, processing, and preserving fish and its gear system; and creating and 
implementing new technologies. 
Value addition is a change in the condition or form of fish through processing or further processing in 
order to increase its value and make it available to a wider consumer in order to increase producers' 
income or revenue. Value addition starts when a fish is caught, sorted, graded, peeled, gutted, sliced, 
etc. (Magesa et al., 2024). According to Olusola (2017), value is added to fish and fisheries products in 
Africa based on the demands of various markets. Value addition for fish is a crucial tactic that can lessen 
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the issue of post-harvest losses while increasing economic value and potentially expanding market 
performance (Kyule et al., 2014; Mohamad et al., 2011).

FAST-TRACKING THE PENETRATION OF AFRICAN FISHERY AND VALUE-ADDED 
PRODUCTS INTO THE GLOBAL MARKET
The overall production and market value of fisheries capture and value-added fish products is expected 
to continue growing in the coming years, with China leading in all fronts (FAO, 2024). Limited 
knowledge exists on trade and marketing of fisheries products within Africa and her export market. 
Several strategies for fast-tracking penetration into the global market include diversification of fishery 
products (e.g., fish fillets, canned fish, canned crabs, fish biscuits, and smoked fish) and exploration of 
new partnerships and markets for them. Attainment of international quality and safety standards 
require promotion and support of fishery business organizations to obtain ISO 9000 standard for 
optimal management system and performance. The hazard analysis and critical control point 
(HACCP) system of food safety program must be in place. Making enhanced market access and trade a 
critical government policy is also necessary. The capture of fisheries operations for instance, in blue 
economy and export processing zones will drive foreign direct investments; coupled with negotiating 
favorable trade agreements, reducing tariffs and non-tariff barriers, and improving logistics and 
transportation infrastructure. Promoting informal marketing, appropriate and affordable post-harvest 
technologies and storage to ensure year-round availability, accessibility and affordability of fish for 
consumers (Bavinck et al., 2023) is also essential. As well as promoting sustainable fishing practices 
such as traceability, eco-labeling and certification of product will drive the demand for African fishery 
products and improve market competitiveness. African countries can also strategically develop value 
chains and clusters richly supplied with fish processing infrastructure, improving cold chain logistics, 
and promoting public-private partnerships. 

ENERGY AND ENVIRONMENTAL IMPACT
Sustainable Development Goal (SDG) 7 emphasis access to affordable, reliable, sustainable and 
modern energy for all. One of the limiting concerns in the application of postharvest technologies is 
availability and cost of the appropriate technology. Most of the technologies discussed in this paper 
require electricity, and can contribute to greenhouse gas emissions (Jason, 2018). FAO is promoting 
the uptake of renewable energy solutions in fisheries operations through raising awareness of good 
practices and providing technical guidance, technology transfer, innovation and design, capacity 
building; and empowerment of stakeholders. A Sri Lankan model is to employ solar energy to reduce 
FLW in small-scale fisheries (FAO, 2024; Rincon et al., 2024).  

CONCLUSIONS
Postharvest technology, value addition, and product development have enormous potential to change the 
aquaculture and fisheries industry, save waste, guarantee food security, and raise farmer incomes. Post-
harvest technologies that are efficient in reducing losses, improving product quality, and adding value to 
fish products have the potential to completely transform the Nigerian fisheries industry. Nigeria can 
guarantee food security and minimize food waste by utilizing postharvest technologies and the value 
addition of fish products. This would also open up new doors for economic growth, job creation, and 
export competitiveness. New markets need be developed and a reliable supply of energy is essential.
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INTRODUCTION
Fish is considered as a significant source of nutrition on which Nigerians depend for making assorted and 
healthy diets. It accounts for around 40 percent of the country's protein intake, with fish consumption at 
13.3 kg/person/per year (Bradley et al., 2020). Fish is predominantly sourced from artisanal fisheries 
found in rivers and lakes, and there are over 300 fish species inventoried in Nigeria (Olaosebikan and Raji, 
2013). Many of these are not known to consumers, except those in riverine areas. However, the progress 
made in fish value addition have made some of these species available for consumption in various homes 
across the nation. Thus, value addition in fish processing has become notable, popular and all-embracing by 
fish consumers. It allows fish to be distributed in various forms such as smoked, fried, dried, salted, boiled, 
freeze-dried, fermented or as a combination of two or more of these forms (FAO, 2010). Each form 
followed certain procedures in their processes, and this make them unique from each other. Also, 
individuals were able to select their choice based on taste and/or price. 
Smoked fish is the commonest and most popular, which sells both in open market and supermarkets across 
Nigeria and indeed Europe where it has become a delicacy. Its wide acceptance is primarily based upon the 
sensory quality it gets after processed and smoked with different spices. Spices and herbs (e.g., eucalyptus 
leaf, mango leaf, guava leaf, neem leaf etc.) are usually incorporated in smoking process of fish to add value and 
enhance fish sensory quality. Phenolic compounds in spices and herbs are strongly associated with their 
antioxidant, which impart characteristic flavour, aroma, taste, and colour to foods (Senay, 2020).

ABSTRACT
The effect of different aromatic herbs on sensory quality of smoked 
Nile tilapia, Oreochromis niloticus and African Bonytongue, 
Heterotis niloticus was investigated. A total of Twenty live samples 
each of Nile tilapia (450.66±174.70 g) and African Bonytongue 
(1250.80±430.35 g) were procured, processed and smoked 
separately with eucalyptus leaf, guava leaf, mango leaf and neem leaf 
in NIOMR smoking kiln. Ten freshly smoked fish samples were used 
for organoleptic assessment using 5-point hedonic scale and data 
obtained was subjected to Student's t-test. The results revealed that 
Nile tilapia smoked with Guava leaf had significantly high scores in 
taste (4.31±1.19) and overall acceptability (4.14±0.64). Also, taste 
(4.53±0.74) and odour (4.00±0.76) for tilapia smoked with Mango 
leaf was notably better (p<0.05) than African Bonytongue. The high 
scores for texture (3.86±0.83) and odour (3.67±0.82) in African 
Bonytongue smoked with Guava were not significantly different 
(p>0.05) from Nile tilapia. This study suggest that Guava and Mango 
leaves perform better on taste, odour and texture of smoked Nile 
tilapia and African bonytongue. Hence, these leaves can be used in 
smoking these fish species for more appeal to consumers.

Keywords:
Organoleptic, Smoking,
Herbs, Tilapia,
Nile, Consumer
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Sensory effects of spices and herbs on smoked fish have been noted by many researchers (Olusola, 
2021; Adeyeye, 2019; Jega et al., 2018; Ariel et al., 2017; Ayeloja et al., 2015), but scanty work exists 
on freshwater fish species in Lake Chad Basin. This study, therefore, investigate the organoleptic 
quality of brine pre-treated tilapia and bonytongue smoked with selected herbs.

MATERIALS AND METHODS
The study was conducted at Federal College of Freshwater Fisheries Technology (FCFFT) Baga, Borno 
State from November 2022 to December 2022. Twenty live samples each of Nile tilapia 
(450.66±174.70 g) and African Bonytongue (1250.80±430.35 g) from Lake Chad Basin were 
procured from artisanal fishers in Baga road, Maiduguri. The fish was moved to the Fish Processing 
Unit, FCFFT Baga where they were prepared following the method of Roth and Oines (2010) before 
gutted, eviscerated, washed clean and immersed in 15% brine solution. Samples from both species 
were rounded and put inside the NIOMR (Nigeria Institute of Oceanography and Marine Research) 
smoking kiln. Four selected herbs including eucalyptus leaf (Eucalyptus camaldulensis), guava leaf 
(Psidium guajava), mango leaf (Mangifera indica) and neem leaf (Azadirachta indica) were obtained 
around Maiduguri and used separately along with charcoal for smoking. Thereafter, samples of the 
smoked fish were allowed to cool and used for the sensory analysis. Ten trained panellists were used for 
sensory analysis of the fish following 5-point hedonic scale (5 - excellent, 4 - very good, 3 - good, 2 - fair, 
1 - poor). Differences in sensory parameters between the two fish species were statistically analysed by 
paired t-test. All results are expressed as mean±standard deviation. Statistical significance was tested 
at 5% significance level. Statistical analysis was performed using Statistical Package for Social Sciences 
(SPSS) (version 20.0, SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION
The Organoleptic attributes of brine pre-treated Nile tilapia and African bonytongue smoked with 
Eucalyptus leaf is shown in Table 1. Results showed that the smoked Nile tilapia fish have highest scores in 
appearance (3.67±1.05), odour (3.80±1.01), taste (3.67±1.23) and overall acceptability (3.57±0.52), 
while texture (3.93±0.88) had the best value in smoked African bonytongue. However, the values 
obtained for all investigated attributes were not statistically significant (p>0.05) between the two species. 
The result indicates that smoked tilapia received very good scores in all the sensory quality parameters, 
while smoked bonytongue were allotted similar scores in texture and taste. It is however appeared that 
eucalyptus leaf adds values to texture and taste in smoked bonytongue, which could make it more 
acceptable to consumers (Adu-Adjei et al., 2014). Ariel et al., (2017) reported similar results on overall 
acceptability of pre-brined Surgeon fish Acanthurus sp. smoked with eucalyptus leaf.

Table 1. Organoleptic attributes of brine pre-treated Nile tilapia and African bonytongue smoked 
with Eucalyptus leaf 

Sensory  
attributes 

Tilapia Bonytongue p-value 
Range Mean±SD Range Mean±SD 

Appearance 2.00 – 5.00 3.67±1.05 1.00 – 5.00 3.07±1.10 0.14 
Odour 2.00 – 5.00 3.80±1.01 2.00 – 5.00 3.33±1.05 0.23 
Texture 2.00 – 5.00 3.67±1.05 3.00 – 5.00 3.93±0.88 0.46 
Taste 2.00 – 5.00 3.67±1.23 1.00 – 5.00 3.53±1.25 0.77 
OA 3.00 – 4.00 3.57±0.52 3.00 – 4.00 3.33±0.49 0.47 

OA Overall acceptability, *p<0.05

The data presented in Table 2 showed significantly highest (p<0.05) score for taste (4.31±1.19) and 
overall acceptability (4.14±0.64) in Nile tilapia Oreochromis niloticus smoked with Guava leaf. Also, 
the appearance scores (3.80±0.94) were marginally higher in smoked tilapia, whereas the odour 
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(3.80±0.94) and texture (1.24±0.05) scores were slightly higher in the smoked bonytongue smoked 
with Guava leaf. This result demonstrates better taste and very high acceptance for tilapia compare to 
bonytongue, which indicate minimal impact of guava leaf on the organoleptic parameters measured in 
the study. This is because tilapia flesh is more tasteful and acceptable among consumers with or 
without spices (FAO, 1997). These results however differ from the findings of Ariel et al., (2017), who 
found significant impart of guava leaf on the organoleptic quality of pre-brined smoked Surgeon fish 
Acanthurus sp. The authors report excellent and highly acceptable scores for all the sensory parameters 
in Surgeon fish Acanthurus sp. smoked with guava leaf.

Table 2. Organoleptic attributes of brine pre-treated Nile tilapia and African bonytongue smoked 
with Guava leaf

Sensory  
attributes

Tilapia Bonytongue p-value
Range Mean±SD Range Mean±SD

Appearance 3.00 – 5.00 3.80±0.94 2.00 – 5.00 3.43±1.05 0.21
Odour 2.00 – 4.00 3.47±0.80 2.00 – 5.00 3.67±0.82 0.19
Texture 2.00 – 5.00 3.50±0.78 2.00 – 5.00 3.86±0.83 0.18
Taste 3.00 – 5.00 4.31±1.19 2.00 – 5.00 3.70±0.83 0.04*

OA 3.00 – 5.00 4.14±0.64 3.00 – 4.00 3.52±0.52 0.02*

OA Overall acceptability, *p<0.05

The result of sensory analysis of brine pre-treated Oreochromis niloticus and Heterotis niloticus 
smoked with Mango leaf is as shown in Table 3. Odour (4.00±0.76) and taste (4.53±0.74) were 
significantly higher (p<0.05) in the smoked O. niloticus samples while smoked H. niloticus show a 
marginally higher appearance value (3.87±1.13). However, Texture (3.93±0.80) and overall 
acceptability (3.93±0.46) were slightly higher (p>0.05) in the smoked O. niloticus samples. The 
results show a wide variation in sensory quality of both species, with tilapia having better sensory 
performance and total acceptance. Although, there is no documented information on the effect of 
freshwater fish smoked with mango leaf, but Liu et al. (2020) asserts that Mango leaves pair well with 
aromatics such as shallots, ginger, garlic, chile peppers, and curry leaves, coconut, spices including 
turmeric, mustard seeds, asafoetida powder, and cumin, tofu, grains, and legumes. 

Table 3. Organoleptic attributes of brine pre-treated Nile tilapia and African bonytongue smoked 
with Mango leaf 

Sensory  
attributes

Tilapia Bonytongue p-value
Range Mean±SD Range Mean±SD

Appearance 3.00 – 5.00 3.67±0.90 2.00 – 5.00 3.87±1.13 0.60
Odour 3.00 – 5.00 4.00±0.76 2.00 – 5.00 3.33±0.98 0.04*

Texture 3.00 – 5.00 3.93±0.80 3.00 – 5.00 3.80±0.86 0.66
Taste 3.00 – 5.00 4.53±0.74 2.00 – 5.00 3.80±1.08 0.03*

OA 3.00 – 5.00 3.93±0.46 2.00 – 5.00 3.53±0.83 0.12
OA Overall acceptability, *p<0.05

Sensory attributes of brine pre-treated Nile tilapia and African bonytongue smoked with Neem leaf is 
presented in Table 4. Results showed that highest taste (3.60±1.24) and overall acceptability 
(3.40±0.74) values were recorded in Nile tilapia, while African bonytongue revealed higher 
appearance (3.53±0.99), odour (3.31±1.03) and texture (3.67±1.18) values. The results however 
showed that value of odour in smoked Nile tilapia and smoked African bonytongue was similar. 
Therefore, it means that both species have the same odour after smoking with neem leaves. Similarly, it 
was found that these values in sensory parameters were not significantly different between the two 
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species. Sensory effect of neem leaf in smoked fish was noted on appearance, color, odor, taste, texture 
and overall acceptability when Oduor-Odote et al., (2010) studied the organoleptic effect of using 
different plant materials on smoking marine and freshwater catfish. Ariel et al., (2017) also reported 
moderate acceptable scores for aroma, texture and general acceptability in brine pre-treated Surgeon 
fish Acanthurus sp. smoked with Calamansi leaf. 

Table 4. Organoleptic attributes of brine pre-treated Nile tilapia and African bonytongue smoked 
with Neem leaf 

Sensory 
attributes

Tilapia Bonytongue p-value
Range Mean±SD Range Mean±SD

Appearance 2.00 – 5.00 3.13±1.19 2.00 – 5.00 3.53±0.99 0.33
Odour 2.00 – 5.00 3.27±1.10 2.00 – 5.00 3.31±1.03 1.00
Texture 2.00 – 5.00 3.33±1.29 2.00 – 5.00 3.67±1.18 0.47
Taste 2.00 – 5.00 3.60±1.24 2.00 – 5.00 3.33±1.05 0.53
OA 2.00 – 4.00 3.40±0.74 2.00 – 4.00 3.33±0.62 0.79

OA Overall acceptability, *p<0.05

CONCLUSION
The study revealed variations in the organoleptic scores of brined pre-treated Nile tilapia and African 
bonytongue smoked with four different aromatic plants. The scores for texture and odour for 
Bonytongue smoked with guava and neem leaves were slightly better than that those of tilapia. 
However, Odour, taste and overall acceptability scores for Nile tilapia smoked with Mango and Guava 
leaves was significantly better than in African bonytongue. 
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INTRODUCTION
Fish are valuable dietary source of animal protein that are highly needed for nourishing human body 
and maintaining a healthy life. Grema and Olanrewaju (2022) asserted that fish is an excellent source 
of high-quality animal protein and highly digestible energy as well as extremely rich source of Omega-3 
polyunsaturated fatty-acids (PUFAs), fat-soluble vitamins (B complex), and minerals (calcium, 
phosphorus, iron, iodine and selenium). However, the nutritional quality of food fish differs due to 
many factors including processing method. Sokamte et al., (2020) noted that processing methods have 
been reported to have a considerable effect on the nutritional value of fish. One of the processing 
methods that is widely popular and accepted by people all over the world is smoking. Smoking is an 
earliest technique that is originally meant for preservation until recently that other benefits unfold 
through research in value addition. Research have thus, unveils several other benefits to include 
infusion of flavour and/or aroma, enhancement of texture, colour, taste and proximate quality, creation 

ABSTRACT
Consumer's preference of eating smoked- gutted and degutted Clarias 
gariepinus has been based on taste, but not nutritional and storage 
quality. This study therefore assesses the proximate composition and 
storage quality of smoked- gutted and degutted C. gariepinus from two 
different smoking kilns. Seventy-two live C. gariepinus 
(0.85±74.69kg) were obtained, processed and grouped into two: 
gutted and degutted samples. These samples were later sorted into four 
treatments representing gutted sample smoked in improved smoking 
kilns (GSSI), degutted sample smoked in improved smoking kilns 
(DSSI), gutted sample smoked in FUTTY smoking kilns (GSSF), and 
degutted sample smoked in FUTTY smoking kiln (DSSF). Proximate 
composition of freshly smoked and preserved smoked fish were 
analyzed following standard procedure. The statistical analysis of data 
was conducted by descriptive statistics and ANOVA at a 0.05. The 
GSSF and DSSF groups had significantly high crude protein 
(67.15±0.29, 69.15±0.29%) and dry matter (98.10±0.08, 
96.00±0.00%) in freshly smoked fish. Also, freshly smoked and 
preserved smoked fish revealed significantly high ash (8.05±0.12, 
4.70±0.15%) and low moisture (2.60±0.48, 4.10 ± 0.08%) contents 
in GSSF. The study indicates similar proximate and storage quality in 
both gutted and degutted smoked fish. However, fish in FUTTY 
smoking kiln show better proximate and storage quality.

Keywords:
Consumer's-preference,
smoked-dried fish,
nutritional quality,
African catfish
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of healthy-protein snacks etc. (Abolagba and Melle, 2008; Ojutiku et al., 2009; Olagbemide, 2015). 
Owing to these facts, smoked fish are today relished as a delicacy in various homes across the Europe, 
Africa and Far East.
In Nigeria, smoked catfish (Clarias gariepinus) is an important product in cuisines of many cultures, 
which make a great addition to their balanced diet. According to Olanrewaju et al. (2022), smoked catfish 
constitutes a very popular delicacy that has made its way into the stews and soups of many Nigerian homes. 
Meanwhile, Viji et al. (2015) perceived that pos-harvest handling practices has a prominent role in 
determining the quality of the final fish product. Catfish is usually processed by removing the visceral 
organs (i.e., gutting) before being smoked in the smoking kiln. However, in some quarters, its being 
smoked without removing the visceral organs (i.e., degutting). Some consumers show preference to 
Smoked-gutted Catfish, while others preferred Smoked-degutted Catfish, which is basically due to their 
self-opinion, feelings and taste. Therefore, the reasons for either of these two processes are more of 
individual preference to taste, rather than nutritional and storage quality. Also, the types and efficiency of 
smoking kiln used in fish smoking affects fish quality in term of proximate composition, sensory quality 
and shelf-life. Hence, this study aimed to determine the proximate composition and storage quality of 
smoked-gutted and degutted C. gariepinus from two different smoking kilns.

MATERIALS AND METHODS
The study was conducted in the Department of Fisheries, Modibbo Adama University Yola, Adamawa 
State, Nigeria. Seventy-two live Clarias gariepinus (0.85±74.69 kg) were purchased from Fish Farm 
in Jimeta-Yola, Adamawa state and safely transported to the Department of Fisheries, Modibbo Adama 
University, Yola, Adamawa State. The fish were stunned and killed following the method of Roth and 
Oines (2010) before sorted into groups as gutted and degutted samples. In the gutted samples, guts 
(i.e., the visceral organs) were removed, while visceral organs (i.e., guts) were not removed in degutted 
samples. Both samples were washed clean and dipped in a brine solution (5% NaCl) for 10 minutes and 
allow to drain (Sogbesan et al., 2012). Thereafter, these samples were rounded and smoked in two 
different smoking kilns based on four treatments as: gutted sample smoked in improved smoking kilns 
(GSSI), degutted sample smoked in improved smoking kilns (DSSI), gutted sample smoked in 
FUTTY smoking kilns (GSSF), and degutted sample smoked in FUTTY smoking kiln (DSSF). The 
smoked fish samples were then cooled to room temperature for 2 h before package into polyethylene 
bag for preservation (30 days), while some fresh samples were kept separately. A Proximate chemical 
analysis was then conducted on the fresh and preserved fish samples to determine protein content, 
lipid content, ash content, fibre content, dry matter, NFE and moisture content following the 
procedure of AOAC (2020). The data obtained from the study were subjected to descriptive statistics 
(mean and standard deviation) and one-way analysis of variance (ANOVA), followed by Duncan's test. 
Differences were considered significant when p<0.05. Statistical analysis was performed using 
Statistical Package for Social Sciences (SPSS) (version 20.0, SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION
Table 1 summarizes chemical composition of freshly smoked-gutted and degutted fish samples in two 
different smoking kilns. The amount of protein was significantly highest (p<0.05) in smoked-gutted 
(67.15±0.29 %) and degutted (67.15±1.18 %) fish samples from FUTTY smoking kilns, while the 
least was recorded in DSSI (59.01±0.16 %). Lipid ranged from 13.73±0.08 % in smoked-degutted 
sample smoked improved smoking kiln (DSSI) to 16.65±0.04 % in GSSF samples and there was no 
significant difference (p>0.05) in lipid content between treatment groups, except in DSSF. Ash 
(8.05±0.12 %) and Fibre (2.70±0.33 %) contents were markedly higher in GSSF, while GSSI sample 
had significantly highest moisture content (17.10±0.33 %). The proximal composition of preserved 
smoked-gutted and degutted fish samples in two different smoking kilns was analyzed and summarized 

655



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

in Table 2. Crude protein (CP) showed significant difference between the smoked-degutted fish in 
Improved smoking kiln (DSSI) and other treatment groups. The highest CP value (69.15±0.29 %) 
was observed in the DSSF sample while the lowest 

Table 1. Proximate composition of freshly smoked gutted and degutted Catfish

Proximate composition 
(%)

Treatments
GSSI DSSI GSSF DSSF

Crude protein 64.10±0.89b 59.01±0.16a 67.15±0.29c 67.15±1.18c

Ash content 7.35±0.12b 5.90±0.08a 8.05±0.12c 7.65±0.04b

Fibre content 2.05±0.20c 0.30±0.00a 2.70±0.33d 0.85±0.04b

Lipid content 16.00±0.16b 16.65±0.04b 16.35±0.49b 13.73±0.08a

Moisture content 17.10±0.33c 9.10±0.00b 2.60±0.48a 1.90±0.08a

Dry matter 82.90±0.33a 90.95±0.04b 97.35±0.53c 98.10±0.08c

Nitrogen Free Extract 7.10±0.89b 9.10±0.16c 3.10±0.33a 8.60±1.14c

GSSI gutted sample smoked in improved smoking kilns, DSSI degutted sample smoked in improved 
smoking kilns, GSSF gutted sample smoked in FUTTY smoking kilns, DSSF degutted sample smoked 
in FUTTY smoking kiln, % percentage. Means across the same row differently superscripted differ 
significantly (p<0.05).

Table 2. Proximate composition of preserved (stored) smoked gutted and degutted Catfish

Proximate composition 
(%) 

Treatments 

GSSI DSSI GSSF DSSF 

Crude protein 67.50±0.25b 57.44±0.46a 68.45±0.29b 69.15±0.29b 

Ash content 3.95±0.04a 4.30±0.16a 4.70±0.15b 4.00±0.00a 

Fibre content 1.25±0.04
 a 1.35±0.04a 1.50±0.25a 1.15±0.04a 

Lipid content 13.55±0.04a 16.30±0.49b 13.90 ± 0.08a 14.20±0.00a 

Moisture content 4.95±0.04b 4.50±0.00b 4.10 ± 0.08a 4.00±0.00a 

Dry matter 95.05±0.04a 95.50±0.00
 

a 95.90 ± 0.08a 96.00±0.00a 

Nitrogen Free Extract
 

8.80±0.33a 
16.62±0.33b 

9.09 ± 0.58ab 
7.75±0.12a 

GSSI gutted sample smoked in improved smoking kilns, DSSI degutted sample smoked in improved 
smoking kilns, GSSF gutted sample smoked in FUTTY smoking kilns, DSSF degutted sample smoked 
in FUTTY smoking kiln, % percentage. Means across the same row differently superscripted differ 
significantly (p<0.05).

value (57.44±0.46 %) was observed in the DSSI sample. Lipid (16.30±0.49 %) and Nitrogen free extract 
(16.62±0.33 %) contents were markedly higher in DSSI, while GSSF sample had significantly highest 
ash content (4.70±0.15 %). The GSSF sample had the highest fibre content (1.50±0.25 %), while DSSF 
sample had a higher dry matter (96.00 ± 0.00 %). However, the values obtained for fibre content and dry 
matter were not statistically different (p>0.05) between treatment groups in the study. Moisture content 
(MC) showed significant difference between the fish in improved smoking kilns and those in FUTTY 
smoking kiln. Smoked-gutted fish from Improved smoking kiln (GSSI) had the highest significant value 
(p<0.05) of 4.95±0.04 % and the least (4.00±0.00 %) was found in DSSF.
The findings of this study are in contrast with the report by Omoruyi et al. (2018) who reported higher 
mean crude protein value (26.07±1.28 %) for smoked-gutted C. gariepinus. However, the present 
finding is comparatively similar to the findings of Sotolu and Abdullateef (2017) who studied the effect of 
gutting and salting on the organoleptic qualities and proximate composition of smoked-gutted and 
ungutted, salted and unsalted catfish. The authors found high Crude protein (37.20 %) and NFE (30.30 
%) in smoked-gutted and salted catfish, while moisture content (10.50 %) and crude fibre (3.00 %) were 
highest in smoked-ungutted and salted catfish. Further, the significant high crude protein level in smoked- 
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gutted and degutted fish in FUTTY smoking kilns in the present study correspond with the findings 
reported by Sogbesan and Ibrahim (2017) for gutted Clarias gariepinus smoked in two smoking kilns. 
However, the crude protein levels in this study were higher than values (57.83±0.17 – 58.47±0.459 %) 
obtained by Sotolu and Abdullateef (2017) but similar with values (60.03±5.65 – 61.45±6.67 %) 
reported by Sogbesan and Ibrahim (2017). Contrary to present study, Omoruyi et al. (2018) reported 
significantly high crude protein in smoked-gutted C. gariepinus stored for two months. The variations 
might be attributed to the length of storage which is one month in this study.

CONCLUSION
The study revealed similar results in proximate and storage quality of smoked-gutted and degutted 
Clarias gariepinus in FUTTY and improved smoking kilns. Though, smoked-gutted C. gariepinus had 
significantly high ash and fibre contents in fresh samples. However, fish in FUTTY smoking kiln show 
better proximate and storage quality.
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INTRODUCTION 
Crabs are rich in proteins, lipids, vitamins A, C, B6, thiamine, riboflavin, niacin, panthothenic acid with 
small amount of folate and vitamin B12, small quantities of calcium, iron, copper, zinc, phosphorous 
and potassium (Oduro et al, 2001; Udo and Arazu, 2012).Udofia et al. (2013) established the protein 
content of marine Callinectes amnicola in southeast Nigeria range from: whole crab meat: 60-48%; 
cheliped: 35-23%; crab legs: 39-45%; with the protein content higher in males than females, 
respectively. The crabs have as much as 26-32, 12-15, and 7-9 mg Vitamin A per 100 g; 53-96, 99-66 
and 68-71 mg Iron per 100 g; and 21-14, 23-14 and 10-9 mg Zinc per 100 g in male and female, and in 
crab meat, cheliped and crab legs, respectively.
Earlier studies have described the food and feeding habits (Udoh and Jimmy, 2015), nutritional profile 
(Udofia et al., 2013), biology and size compositions (Nlewadim et al., 2009; Udoh, 2011, 2017; Udoh and 
Nlewadim, 2011; Udoh et al., 2011); age, growth parameters and recruitment patterns (Udoh, 2020), 
and reproduction and sexual maturity (Udoh et al., 2009), of C. amnicola from southeast Nigeria.
Crab meats are highly consumed locally in the study area; therefore, there is a need to extend the shelf-

ABSTRACT
Crab meat has a short shelf-life and therefore requires the flesh being 
processed immediately. Such processing could results in swelling and 
toughness of the meat; thereby affecting consumers' acceptance. 
Adult crab samples (n = 100; 63.21±8.12, 31.78-83.32 mm 
carapace length) were purchased from fishers at the fish market 
beach at Oron in Cross River Estuary, Nigeria. Their proximate 
composition was determined. Chunks of crab meat were subjected to 
11 different acid and salt solutions commonly applied in crab canning 
and processing. The crab samples were of good wellbeing and shared 
similar proximate composition (%moisture, 72.400 ± 3.610, %ash, 
1.025± 0.006, %fibre, 0.243± 0.001, %lipid, 1.120 ± 0.014, 
%protein, 22.050 ± 0.003, and %carbohydrate, 3.162± 4.739) with 
C. amnicola from south-western and south-eastern Nigeria. The 
reagents assessed in this study that evoked the 30-40% swelling 
capacity considered acceptable crab meat quality, both tender and 

firm, are: the chloride salts of ammonium (1.2 mol NH4Cl), sodium 

(1.6-1.8 mol NaCl), and potassium (0.4-0.6 mol KCl); including 
potassium iodide, 0.6 mol KI.

Keywords:
Brining, blue economy,
canning, water retention. 
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life through further processing. The processing of crab meat is aimed at preserving the meat while 
maintaining its texture, flavor, and safety. The muscle tissue in crab meat consists of myofibrillar 
proteins that can tolerate a wide range of ionic concentrations including the ability to bind water 
molecules, increasing moisture content (protein hydration). Crab swelling could also be through 
osmosis (the movement of water into the crab meat cells through semi-permeable membranes) and 
gelation, proteins coagulate, trapping water and increasing moisture retention (Haurowitz, 2021). 
Other factors contributory to the phenomena of swelling and toughness in crab meat include acid (pH) 
and salt concentrations, temperature or heat treatment during water-washing and blanching in steam 
or boiling water, water activity (aw) and processing methods, e.g., cooking, freezing (Baiano and Conte, 
2020; Haurowitz, 2021; Food and Drug Agency, FDA, 2022). Hence during blanching, the crab muscle 
proteins interact with water resulting in swelling (corresponding to its water holding affinity). Apart 
from crab fattening and cultivation, canning of crab meat for export will add value to the fishery sector. 
This study therefore, reports on aspects of treatment of crab meat for canning, particularly its swelling 
characteristics in different acidic and alkaline salts. 
The objective of this study was to assess the meat quality of C. amnicola from Cross River estuary, Oron; 
and to examine the various concentrations of (hydrochloric) acid and 10 different salt solutions that will 
elicit 30-40% swelling of crab meat considered to be both tender and firm and of acceptable quality.

MATERIALS AND METHODS
Study area 
Samples of Callinectes amnicola used for this study were collected along Cross River estuary at Oron in 
Akwa Ibom State, Nigeria; latitude 04° 15.9' N and longitude 08°20' E.
Sample collection, sex determination and morphometric measurement
The crab samples (n=100) were purchased from fisherfolks who landed their catch at the beach market at 
Oron in Akwa Ibom State, Nigeria. Sex determination was based on morphology of abdomen (Udoh et al., 
2011). The carapace length (CL mm), carapace width (CW mm) were  measured to 0.1 mm using a 
sliding jaw vernier calipers (Mitutoyo 530-312) as described in Udoh et al. (2011). The total weight (TW) 
was taken to the nearest 1.0 g using an electronic weighing balance (TDA6002A) to the nearest tenth of a 
gram. Condition factor evaluated the general wellbeing of the crabs as K = TW x CL-3 x100.
Proximate analysis
The proximate composition of the crab was determined by the methods recommended by Association 
of Official Analytical Chemists (AOAC, 2005). The moisture content was taken as the weight loss 
after oven-drying crab parts at 105°C using the Kjeldahl method. Fat content was determined by acid 
hydrolysis using a Soxhlet apparatus and ash was determined by dry ashing after incineration of 
weighed sample at 600°C for 10 hours in a muffle furnace. The carbohydrate content was estimated by 
subtracting the sum of the weight of protein, fiber and ash from the total dry matter (AOAC, 2005). 
All determinations were done in duplicates.
The influence of salt and hydrogen ion concentrations on the degree of the swelling of crab meat 
Blocks of crab meat (about 2 cm) were taken from the raw leg meat of each crab, weighed (g), and 
immersed in 50 ml of various concentrations of various salt and acid solutions and allowed to stand in a 
cool dry place for 24 hours. After adsorbing the salt or acid solution, the blocks were wiped off with a 
filter paper, and their weight measured. The ratio of the weight of the block of meat after immersion 
(W) to the weight of meat before immersion (Wo) was calculated as the swelling equilibrium or degree 
of the swelling of the block of meat (Seq= W/Wo) (Gierszewska and Ostrowska-Czubenko, 2016).
The salt solutions assessed were: NaCl – Sodium chloride, KCl – Potassium chloride, CaCl2 – Calcium 
chloride, KI – Potassium iodide, KNO3 – Potassium nitrate, NaNO3 – Sodium nitrate, NH4Cl – Ammonium 
chloride, and Na2HPO4 – Sodium phosphate. Each salt solution was assessed at 10 concentrations of 0.2, 0.4, 
0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 and 2.0 Mol, respectively. Distilled water was used as control.  
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The hydrochloric acid, HCl, concentrations assessed were pH 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, and 
14. Adjustment to required pH was achieved by dilution with 0.1 N NaOH, sodium hydroxide.  

STATISTICAL ANALYSIS 
The Statistical Package for Social Science (SPSS version 20) was applied in length and weight calculations, condition 
factor; as well as in calculating regression lines and coefficients for swelling behaviour of the crab meat in hydrogen ion 
and salt concentrations. All the statistical analyses were considered at significant level of 5% (p<0.05).

RESULTS AND DISCUSSION
Morphometric parameters of crab samples
The mean sizes (± standard deviation and range) of the 100 crabs used were: 63.21±8.12 mm (31.78-
83.32) carapace length, 127.35±20.29 mm, (40.41 -169.55) carapace width, 150.30±55.77g (53.77-
282.03) total weight and 0.645±0.454 (0.272-3.303) condition factor. Eighty-one, 81 male and 19 
female samples of C. amnicola were used for this study. The mean sizes (± standard deviation and range) 
of male crabs used were: 64.64±7.87 mm (31.78-83.32) carapace length, 129.50±21.48 mm (40.41-
169.55) carapace width, 165.89±50.17 g (67.8 -282.03) total weight and 0.680±0.486 (0.272-3.303) 
condition factor. The mean sizes (± standard deviation and range) of female crabs used were: 57.12 ± 
6.27 mm (43.12-67.13) carapace length, 118.19±10.19 mm (91.31-130.79) carapace width, 83.82 
±12.79 g (53.77 -95.31) total weight and 0.489±0.209 (0.275-1.12) condition factor. The nutritional 
and swelling characteristics of crabs used in this study were determined irrespective of sex or size. 
Nutritional quality of Callinectes amnicola
The summary of the proximate composition of C. amnicola from study area is shown in Table 1. The 
nutritional quality of the crab obtained in this study was similar and comparable to those earlier reported for 
the species in southeast (Udo and Arazu, 2012) and as far as southwest Nigeria (Moronkola et al., 2011; 
Jolaosho et al., 2023) (Table 1). This confirms that crabs are highly nutritious and rich in proteins. However, 
Udofia et al. (2013), reported on the nutritional quality of marine C. amnicola species which was higher (60-
48% crude protein) than their estuarine counterparts in this study (22.05%). Fagbenro et al. (2014) further 
support the high quality of crab meat as being low in anti-nutrients such as tannin, phytin and oxalate.  

Table 1: Average proximate composition of C. amnicola from Cross River estuary (Oron, Nigeria) 
compared with other sites 

Parameter Cross River Estuary
(Oron, Nigeria)

Cross River
(Calabar, Nigeria)

Makoko settlement
(Lagos, Nigeria)

Ojo River
(Lagos, Nigeria)

% Moisture 72.400 ± 3.610
(70.50 - 74.3)

74.54 ± 0.03 62.57 ± 2.16 67.377 ± 0.226

% Ash 1.025 ± 0.006
(0.95-1.1) 

1.84 ± 0.07 3.04 ± 0.42 1.041 ± 0.002

% Fibre 0.243 ± 0.001 0.10 ± 0.02 0.23 ± 0.19 1.021 ± 0.002

% Lipid 1.120 ± 0.014 0.45 ± 0.02 1.76 ± 0.46 0.023 ± 0.008

% Protein 22.050 ± 0.003
(22.0-22.1) 

20.12 ± 0.01 26.34 ± 2.02 28.000 ± 0.071

% Carbohydrate 3.162 ± 4.739 2.92 ± 0.07 5.05 ± 0.86 2.50 ± 0.22

% References This study Udo an Arazu
(2012)

Jolaosho et al.
(2023)

Moronkola et al.
(2011)

(0.211-0.275) 

(1.0-1.24)

(0.9850-5.339) 

Values are in mean ± standard deviation     Ranges are in parenthesis
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Swelling behaviour of C. amnicola meat immersed in hydrogen ion concentrations
The swelling capacity and meat quality of C. amnicola flesh in acid solutions was strongly dependent on 
pH of swelling medium. The swelling value, Seq, was high at low pH and decreased with increasing pH 
(Fig. 1). The highest (0.79) and lowest (0.2) degree of swelling was at pH 14.0 (in alkaline medium) 
and 3.0 (in acidic medium); i.e., corresponding to levels of swelling and toughness, respectively. At pH 
below pH 4.0 (acidic range), the degree of swelling significantly increased (from 1.24 to 2.02) and at 
above pH 9.0 (alkaline range), the degree of swelling increased gradually (from 0.46 to 0.79). The acid 
solutions toughened crab meat in two ways; by creating an isoelectric or electrochemical gradient 
leading to permeability of the muscle membrane to the ions and leakage of ions out from the muscle 
fibres through osmosis (Haurowitz, 2021). Or by formation of cross-links between proteins (Feiner, 
2006), causing water to be released and resulting in drier, more rigid and tougher meat (as observed at 
pH 3in this study). The constituent acids in blue crabs also contribute to these quality changes. For 
instance, blue crabs are a rich source of calcium, magnesium, phosphorus, potassium and sodium 
(Moronkola et al., 2011; Fagbenro et al., 2014) as well as acidic (asparatic acid, glutamic acid) and basic 
amino acids like arginine and lysine (Haurowitz, 2021).

Figure 1. The influence of hydrogen ion concentration on the degree of swelling of C. amnicola meat 
showing acids denatured proteins causing water to be released; resulting in drier, more rigid and 
tougher meat (at pH 3).

Swelling behaviour of C. amnicola meat immersed in different salt concentrations
The results obtained showed that changes in meat texture or toughness increased with increase in salt 
concentrations depending on the ion types, whether anion or cation (Figs. 2, 3). Salt solutions (anions 
and cations) at different concentrations play a dual role in processing by increasing the ionic strength of 
the solution surrounding the crab meat; and influencing protein solubility by increasing the weight of 
the crab meat with or without change in meat texture ( Rodriguez et al., 2020). Various changes (soft, 
hard, no difference) in meat texture/toughness were observed after immersion of crab meat in the 
different solutions till equilibrium. Immersion of crab meat in KCl, KNO3, NaCl, and distilled water 
solutions elicited no difference in meat texture. Crab meat dipped in CaCl2 and Na2HPO4 solutions 
were toughened (moisture loss) while, KI, NH4CL and MgCl2 softened crab meat (moisture 
retention and swelling); use of distilled water and NaNO3 recorded increase in weight with no 
significant difference in meat texture but imparted slight off flavour on the meat of C. amnicola (P > 
0.05). In terms of anion concentrations, Na+ (NaNO3) elicited more swelling and increase in weight 
(Fig. 3A-C), followed by K+ (KCl > KI, Fig. 2B), Ca2+ (CaCl2), NH4+ ions, NH4Cl (Fig. 2C) and 
sodium, NaCl (Fig. 2A). Magnesium (Mg) and calcium (Ca) salts were also observed to have a 
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toughening effect on the crab meat (Table 2). This could be because the crab membranes are 
impermeable to the bulk of the anion fraction, to sodium and to large ions such as calcium and 
magnesium, but permeable to small ions such as potassium and chloride (Ward and Courts, 2017).  
Furthermore, toughening of crab meat was likely caused by formation of stable protein complexes,  
protein aggregation and shrinkage, leading to water loss and tough crab meat (Xiong, 2015; Ward and 
Courts, 2017; Rodriguez et al., 2020).

Figure 2.Swelling curves of C. amnicola flesh immersed in salt solutions of various concentrations of 
varying anions: a. Sodium, Na+, b. Potassium, K+ and c. Calcium, Ca and Ammonium, NH4

The cation chloride solutions (NaCl and NH4Cl, and KCl) also elicited higher swelling (Seq) values on 
C. amnicola meat. However, decreased swelling (Seq) (i.e., toughness) were obtained with the use of 
chloride (in the form of CaCl2), phosphate (Na2HPO4) and nitrate (NaNO3 and KNO3) solutions 
(Fig. 3B.). The order of degree of swelling at equilibrium for cation chloride and iodide solutions was 
KCl> KI > NH4Cl > NaCl with positive slope; negative slope (shrinking/toughened crab meat) was 
obtained with CaCl2 (Fig. 2A, 3C). The calculated regression lines and the regression coefficients are 
shown in Table 2.
C. amnicola meat immersed in salt solutions up to 2 Mol of NaCl, KNO3, NH4Cl, KCl and KI 
displayed swelling curves with two peaks, while NaNO3, Na2HPO4, and CaCl2 had one peak. These 
observations support the application of sodium chloride (NaCl) in enhancing flavor, texture, and 
moisture retention; potassium chloride (KCl) helps to maintain moisture retention and texture while 
calcium chloride (CaCl2) improves texture and moisture retention (FDA, 2022) during processing.
The practical implication of processing apart from preservation is the economic aspect of the 
marketability of the product in meeting consumers' preference for crab meat texture. The most 
desirable crab meat quality is a juicy, tender, firm crab flesh which easily breaks apart and gives a 
'mouthfeel' experience during consumption; not mushy, watery or fibrous dry meat (NOAA, 2019; 
Baiano and Conte, 2020). Such product must have a balance between tenderness and firmness. The 
products in this study were not subjected to organoleptic tests but the National Oceanic and 
Atmospheric Administration, NOAA (2019) recommend that canned crab meat should absorb enough 
liquid to swell to 30-40% of its original weight to be considered both tender and firm. The reagents in 
this study that evoked this quality are: 0.6 mol KI, 1.2 mol NH4Cl, 1.6-1.8 mol NaCl, and 0.4-0.6 mol 
KCl. Reagents in this study were used one at a time. Furthermore, Rodriguez et al. (2020) recommend 
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exploring brining with a mixture of sodium chloride and other salts to achieve a better result of 
enhancing flavor and maintaining juiciness during heat processing.

Figure 3. Swelling curves of Callinectes amnicola flesh immersed in salt solutions of various 
concentrations of cations : (a.) nitrate and phosphate and (b.) chloride and iodide ions 

Table 2: Swelling behaviour of C. amnicola flesh in different saltx and acidy concentrations

Salt solutions Slope, b Error b A Error a r P Remark

Na HPO3 4
-1.92 0.74 2.44 0.92 -0.68 0.03* Toughened meat

CaCl -0.54 0.23 0.49 0.28 -0.65 0.04* Toughened meat

Distilled Water -0.43 0.36 1.58 0.45 -0.39 0.26
ns

meat textureNaNO3
-0.32 0.28 0.74 0.35 -0.38 0.28

ns

KNO3
-0.25 0.25 1.75 0.31 -0.34 0.34

ns
Toughened meat

NaCl 0.16 0.66 1.07 0.81 0.09 0.81
ns

Softened meat

NH Cl4
0.29 0.34 1.30 0.42 0.29 0.42ns Softened meat

KI 0.56 0.41 0.39 0.50 0.43 0.21
ns

Softened meat

KCl 0.95 0.32 0.48 0.40 0.72 0.02* Softened meat

Acid pH -0.0 5 0.03 1.11 0.25 -0.44 0.12ns Toughened meat

ns = Non-Significant (P > 0.05)   *= Significant (P < 0.05)   
xSalt concentrations = 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 and 2.0 mols
ypH (HCl) = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 and 14

664



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

CONCLUSION 
C. amnicola meat from southeast Nigeria is protein-rich and a good candidate for further processing 
and added value for consumption, export and income generation. The swelling behaviour of crab meat 
in water, and acidic and lkaline solutions were also studied; in achieving the desired balance between 
tenderness and firmness of crab meat quality. The study showed that equilibrium water content, Seq, 
was dependent on the ionic strength of the media: high at low values of pH (below pH 4.0) and 
decreased with increasing pH (above pH 9.0). Crab meat swelling behaviour in the alkaline media was 
dependent on cation type and salt concentration. Softened, hardened, and indifferent crab meat 
textures were observed at equilibrium soaking. Results suggest the use of the chloride salts of 
ammonium (NH4Cl), sodium (NaCl), and potassium (KCl); including potassium iodide, KI. will 
produce crab meat that is tender and firm in line with consumers' preference.
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INTRODUCTION 
Smoked fish are well accepted food items in our country, as well as in Bayelsa State. Smoking is the 
method of fish preservation resulting from a combination of drying and deposition of naturally 
produced chemicals resulting from the thermal breakdown of wood (Smoldering/smoke production) 
(Rawson, 1966). Smoking adds a desirable colour, taste and odour, a longer shelf-life to fisheries 
products through its anti-bacterial and oxidative effect. (Abolagba and Melle, 2008; Clucas and Ward, 
1996; Eyo, 2001; Horner, 1992; Olokor et al., 2007). Notwithstanding, smoked fish and shellfish 
products have been identified to be carriers of microbial hazards including Listeria monocytogenes, 
Salmonella spp., Clostridium botulinum and other pathogens (Özyurt, Polat, 2016). This could be as a 
result of poor fish handling at processing, marketing and storage stage or improper smoking, resulting in 
partial removal of water activity (Heintz and Johnson, 1998). In Southern Nigeria, fish products are 
the most important source of animal proteins (Kpodékon et al., 2014). 
The production of safe fishery products for indigenous consumption in developing countries like 
Nigeria is still a major challenge (Bellmann et al., 2016; Kipkoech et al., 2022). As a result, 
bacteriological and ecological issues have prompted the need to assess and determine microbial 
overloads in fishery products (Kousar et al, 2020; Liang et al., 2021). More so, international 
organizations such as the Food and Agricultural Organisation (FAO) and the World Health 
Organisation (WHO) are working to control the infections associated with food products in various 

ABSTRACT
The study evaluates the bacterial and coliform load of two smoked fish 
species, Hake (Merluccius capensis) and Horse Mackerel (Trachurus 
trachurus), sold in three markets in Yenagoa Metropolis, Bayelsa State, 
Nigeria to help establish if the level of microbial loads exceeds the 
permissible levels of the ICMSF. Thirty samples were taken from the 
markets monthly for three months, five from each species; making a 
total of 90 smoked fish samples. Bacterial analysis was conducted at the 
microbiology laboratory of the Department of Biological Science, Niger 
Delta University. Result showed that Market 1 consistently had the 
lowest bacterial load (59.37cfu/g for Hake and 59.93cfu/g for Horse 
Mackerel), Markets 2 and 3 showed higher contamination levels, with 
the highest load in Market 2 (141.63cfu/g for Horse Mackerel). The 
overall mean bacterial loads from the two smoked fish products were 
103.18±23.16cfu/g and 105.89±24.13cfu/g for Hake and Horse 
Mackerel respectively, with no significant differences between species 
of same market, but between the markets. The findings indicate 
changes in microbial contamination is dependent on market conditions, 
underlining the need for enhanced handling, processing and storage of 
smoked fish products.

Keywords:
Bacteriological status,
bacterial load,
coliform bacteria,
smoked-fish, hake,
horse mackerel
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ways with the aid of some regulatory mechanisms such as the Hazard Analysis and Critical Control 
Point (HACCP) and Codex Alimentarius (Graham, 2014). 
Considering the consequences of bacteria which includes cholera, shigellosis, typhoid fever, severe 
dysentery and other gastrointestinal infections to humans, it is imperative to determine some harmful 
bacteria associated with smoked fish. This research is intended, among other things, to help establish if the 
level of microbial loads exceeds the permissible levels of the International Commission on Microbiological 
Specifications for Foods (ICMSF). Furthermore, this study may also be useful in developing public health 
campaigns aimed at creating awareness of wholesomeness and safety of smoked fish, especially in Bayelsa 
State, as well as improve fish smoking activities along the processing chain.

MATERIALS AND METHODS
The study is a comparative cross-sectional design to explore bacteria species occurrence and 
abundance (loads) of smoked fish in Yenagoa, Bayelsa State. It was also directed towards determining 
the characteristics of the situation as it exists during the period of the study. The study area was 
Yenagoa, the capital of Bayelsa State. Yenagoa has an estimated population of between 600,000 and 
700,000. Samples were taken from three smoked fish marketing centres (market 1-Swali, market 2-
Kpansia and market 3-Etegwe) located in different geographical areas in Yenagoa using the purposive 
sampling technique. While simple random technique was used to select the ninety smoked samples, 
(five (5) of each fish species from each market for three (3) months). Bacteriological analysis was 
conducted at Microbiology laboratory of the Department of Biological Science, Niger Delta 
University, Wilberforce Island, Bayelsa State. The samples were placed in germ-free plastic bags and 
labelled appropriately based on the sampling area and transported to the Microbiology laboratory of 
the Department of Biological Science, Niger Delta University, Wilberforce Island, Bayelsa State for 
bacteriological analyses. The bacteriological analysis of the fish samples was done using conventional 
microbiological methods (WHO, 2021). Catalase test, citrate utilization test, Kliger Iron Ager Test, 
Indole test and oxidase test were carried out with respect to Cheeseburg (2018) guidelines.
Quality Control: Quality control measures was done during the analysis to confirm the accuracy of the results. In 
every analytical batch, all samples were analysed separately with a series of serial dilutions to ensure accuracy.
Statistical Analysis: The means of bacterial load among the three markets were compared using 
ANOVA followed by Tukey's post hoc for multiple comparisons while t test was used to compare the 
bacteria load of the two species. Microsoft Excel 2010 and Statistical Package for Social Sciences 
version 16.0 was used to analyse the data with p<0.05 level of significance.

RESULTS AND DISCUSSION
Mean Bacterial Load of Two Fish Species in Three Markets: The mean bacterial load of two fish 
species across three markets is presented in Table 1. For Hake (Merluccius capensis), Market 1 
recorded the lowest bacterial load at 59.37 cfu/g, while Market 3 had the highest mean load at 138.11 
cfu/g. The results indicate that the bacterial load in Market 1 is significantly different from those in 
Markets 2 and 3, whereas the loads in Markets 2 and 3 are not significantly different from each other.
Similarly, for Horse Mackerel (Trachurus trachurus), Market 1 had the lowest mean microbial load at 59.93 
cfu/g, with Market 2 showing the highest bacterial load at 141.63 cfu/g. Again, the bacterial load in Market 1 is 
significantly different from those in Markets 2 and 3, while Markets 2 and 3 are not significantly different from 
each other. Both fish species exhibit the lowest bacterial loads in Market 1, significantly lower than those in 
Markets 2 and 3. In Market 2, the bacterial load significantly increases for both species. In Market 3, the 
bacterial load remains high but is not significantly different from that in Market 2. 
The study aligns with similar studies that reported significant variations in bacterial loads in fish from 
different markets. For instance, a study conducted by Mensah et al. (2019) in Accra, Ghana, found 
that fish from open markets had significantly higher bacterial loads compared to those from 
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supermarkets, which maintained better hygiene practices and cold chain management. Okonko et al. 
(2011) also opined similar findings in their study of fish markets in Lagos, Nigeria, where bacterial 
loads in fish varied significantly between markets with different hygiene practices. Fish from markets 
with poor hygiene had higher bacterial contamination levels, which is consistent with the high bacterial 
loads observed in Markets 2 and 3 in this present study. Adebolu et al. (2017) also found that fish from 
markets with inadequate sanitation facilities had significantly higher bacterial counts. This supports 
the current findings, where Market 1, presumably with better handling practices, shows the lowest 
bacterial load, having a bacterial load within the international permissible limit of microbial load in 
food which is 20 to < 100 cfu/gram.
The high bacterial loads observed in Markets 2 and 3 in Yenagoa are consistent with findings from Eze 
et al. (2020), who reported that inadequate hygiene, poor storage conditions, and high ambient 
temperatures contribute to higher bacterial contamination in fish sold in open markets in Nigeria (Eze 
et al., 2020). The current study's results reflect these conditions, emphasizing the need for improved 
sanitary practices.  Adedeji et al. (2014) highlighted the role of environmental conditions and handling 
practices in determining bacterial loads in fish. Their study in Ibadan, Nigeria, showed that high 
ambient temperatures and poor handling practices led to increased bacterial contamination, aligning 
with the current study's observations in Yenagoa 
Eze et al. (2020), as previously mentioned, pointed out that inadequate hygiene and storage conditions 
are major contributors to high bacterial loads in fish. This is consistent with the significant differences 
in bacterial loads observed between Market 1 and the other two markets in Yenagoa.
The current study observed that Horse Mackerel had a higher bacterial load in Market 2 compared to 
Hake. This observation aligns with findings by Ali et al. (2018), who noted that different fish species 
can exhibit varying levels of bacterial contamination depending on their physiology, habitat, and 
handling practices post-harvest. Olowokere et al. (2018) also elucidate that bacterial loads in fish can 
vary by species, influenced by factors such as their natural habitat and handling post-capture.

Table 1: Mean bacterial load of two smoked fish products in three Yenagoa markets

Note: Means with the same alphabet across the row are not significantly different.
Mean Coliform Bacteria Load of Two Smoked Fish products in three Markets in Yenagoa: Table 2 
presents the mean coliform bacterial load of two fish species in three markets in Yenagoa. For Hake 
(Merluccius capensis), Market 1 recorded a coliform bacterial load of 4.14 x 105 CFU. This load is 
relatively lower compared to those in Markets 2 and 3, with Market 2 having the highest coliform 
bacterial load for Hake at 7.98 x 105 CFU/g. Market 3 recorded a bacterial load of 5.93 x 105 CFU/g, 
which is lower than Market 2 but higher than Market 1. Thus, the coliform bacterial load is highest in 
Market 2, followed by Market 3, and lowest in Market 1.
For Horse Mackerel (Trachurus trachurus), the coliform bacterial load in Market 1 was 4.16 x 105 
CFU/g, which is significantly lower compared to Markets 2 and 3. Market 2 recorded the highest 
coliform bacterial load for Horse Mackerel at 9.15 x 105 CFU/g. In Market 3, a bacterial load of 5.90 x 
105 CFU/g was observed, indicating a lower bacterial load than Market 2 but higher than Market 1. 
Hence, the coliform bacterial load is highest in Market 2, followed by Market 3, and significantly lower 
in Market 1. Comparing the fish species, Horse Mackerel has a slightly higher bacterial load compared 
to Hake in Market 2. In Market 3, both fish species have nearly identical bacterial loads. However, in 
Market 1, Hake, with 4.14 x 105 CFU/g, has a significantly higher coliform bacterial load than Horse 
Mackerel.
The mean coliform bacterial load from Yenagoa markets aligns with the reports of. Adebayo-Tayo et al. 

Fish Species Market1 (cfu/g) Market2 (cfu/g) Market3 (cfu/g)
Hake (Merculius capensis) 59.37b 112.07a 138.11a

Horse mackerel (Trachurus trachurus) 59.93b 141.63a 116.11 a
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(2012a) on the microbial quality of frozen fish in Ibadan, Nigeria, reported coliform loads ranging from 
3.0 x 105 to 7.5 x 105 CFU/g. These values are comparable to the coliform levels in Hake across the 
three markets in Yenagoa, with the highest load being 7.98 x 105 CFU/g in Market 2. In a study 
conducted by Rahman et al. (2012) on fish sold in Dhaka, Bangladesh, coliform counts in various fish 
species ranged from 103 to 106 CFU/g. The bacterial load in Horse mackerel from Market 1 (4.16 x 
105CFU) falls at within this range, while the loads from Market 2 (9.15 x 105 CFU/g) and Market 3 
(5.90 x 105 CFU/g) are within the upper range. Coliform levels can vary significantly by region due to 
differences in environmental conditions, handling practices, and market infrastructure. Onyemelukwe 
and Ogan (2002) reported lower coliform levels in fish from markets in Enugu, Nigeria, suggesting that 
differences in market conditions and hygiene practices can impact bacterial loads.
Variations in coliform bacterial loads between Hake and Horse mackerel from the study can be 
attributed to species-specific factors such as feeding habits, habitat, and skin mucus properties. 
Studies by Hamed et al. (2015) who postulated that the coliform load in fish can be influenced by 
these factors, leading to differences even within the same market.

Table 2 Mean coliform bacteria load of two fish species in three Yenagoa market

Fish species Market 1 Marke 2 Market 3
Hake (Merculius capensis) 4.14x105cfu/g 7.98x 105cfu/g 5.93x105cfu/g
Horse mackerel (Trachurus trachurus ) 4.16x105cfu/g 9.15x105cfu/g 5.90x105cfu/g

Presence of Bacterial Species in Markets: Figure 1 illustrates the presence of various bacterial species 
in two fish species, Hake and Horse Mackerel, from Market 1. The x-axis lists the bacterial species, 
while the y-axis represents the count (or frequency) of each bacterial species identified. The findings 
show that Bacillus sp., Salmonella sp., and Providencia sp. were recorded in both Hake and Horse 
Mackerel, with each species having a count of 3, making them the dominant bacterial species found in 
Market 1. Escherichia coli was documented only in Horse Mackerel with one count, while Shigella sp. 
was present only in Hake with one count. Most bacteria are equally present in both Hake and Horse 
Mackerel, indicating similar levels of contamination in both fish species in Market 1. Micrococcus sp. 
was more prevalent in Hake (2 counts) than in Horse Mackerel (1 count), while Citrobacter spp. was 
present with counts of 1 and 2 in Hake and Horse Mackerel, respectively. 
The presence of bacterial species in Market 2 is presented in Figure 2. Both fish species had the same 
count of Bacillus sp., Providencia sp., and Salmonella sp., each with a count of 3, indicating that these 
bacteria are equally prevalent in both fish species in Market 2. The equal presence of Pseudomonas sp. 
in both fish species suggests similar levels of fecal contamination or handling hygiene. Escherichia coli is 
present in both fish species, with a count of 1 in Hake and 2 in Horse Mackerel, which could indicate 
differences in storage conditions favoring E. coli growth in Horse Mackerel. Both Shigella sp. and 
Micrococcus sp. were present in Horse Mackerel but absent in Hake. Citrobacter spp. was equally 
present in both fish species, suggesting similar environmental exposure or handling conditions. 
Figure 3 shows the presence and count of different bacterial species in two fish species, Hake and 
Horse Mackerel, from Market 3.  It is documented that Both fish species have the same count of 
Bacillus sp, Providencia sp, and Salmonella sp indicating that this bacterium is equally prevalent in both 
fish species in Market 3. The presence of E. coli and Citrobacter spp were only found in Hake while 
Pseudomonas sp is present in Horse Mackerel but absent in Hake, indicating that Horse Mackerel may 
have been stored under conditions more favorable for Pseudomonas growth. Both fish species have an 
equal presence of Micrococcus sp, accounting 1 for each species of fish.
The presence of Bacillus sp in both Hake and Horse Mackerel is consistent with findings by Sivaraman et 
al. (2012), who reported Bacillus sp as a common bacterium in various fish species due to its ubiquitous 
nature in aquatic organisms. Escherichia coli presence in fish species aligns with the results from Elhadi et 
al. (2004), which found E. coli to be a common contaminant in fish sold in Saudi Arabian markets, 
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indicating fecal contamination and poor hygiene practices during handling and processing. Pseudomonas 
sp was found only in Hake. This is supported by studies such as those by Gram and Huss (1996), which 
showed that Pseudomonas species are dominant spoilage bacteria in fish stored in chilled conditions, often 
found in higher quantities in certain species due to differences in storage and handling conditions (Gram 
and Huss, 1996). The presence of Micrococcus sp in Horse Mackerel is supported by research from 
Bhaskar et al. (2004), which identified Micrococcus sp in various marine fish, particularly those exposed 
to different salinity levels and handling practices. The presence of Providencia species in this present study 
in both Hake and Horse Mackerel can be compared with findings by Kumar et al. (2015), who found 
Providencia species in multiple fish species, indicating its widespread nature in dry fish (Kumar et al., 
2015). Shigella sp was found only in Hake, which could be compared to findings of Hatha et al. (1998), 
who documented that Shigella species are often present in fish due to contamination from human sources, 
suggesting possible differences in contamination sources between the two fish species. The presence of 
Salmonella sp bacterial in both fish species so consistency with previous including Koutsoumanis and 
Sofos (2004), with the postulation that Salmonella is a common pathogen in fish and seafood, highlighting 
the need for better handling and storage practices to reduce contamination. Uddin et al. (2013), with the 
opinion stating that Citrobacter is a common contaminant in fish due to environmental exposure and 
handling practices align with the results of this present study where Citrobacter sp is found in both fish 
species but more in Horse Mackerel.  In both Market 2 and Market 3, Bacillus sp was found in high counts 
(3) in both Hake and Horse Mackerel.

Fig. 1: Presence of Bacterial Species in Market 1

Fig. 2: Presence of Bacterial Species in Market 2

Fig. 3: Presence of Bacterial Species in Market 3

CONCLUSION
The study highlights significant bacterial contamination in fish sold in Yenagoa markets. Both Hake and 
Horse Mackerel showed high bacterial loads and diverse bacterial species, indicating potential health 
risks to consumers. The highest contamination levels in Market 2 suggest that some markets may 
require more immediate interventions than others. However, the microbial load in both fish species 
sourced from market 1 were observed to be less than 100 cfu/gram which is within the permissible 
limit of microbial load in food. Hence, market 1 can be said to have better hygienic practices than other 
markets in Yenagoa Metropolis of Bayelsa State. The consistent presence of fecal indicators like E. coli 
underscores the need for better handling and sanitary practices in fish markets. The similarity in 
bacterial profiles across different markets suggests that contamination might stem from common 
sources, such as water supply, handling practices, and market environments.

671



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

REFERENCES
Abolagba, O.J., and Melle, O.O. (2008). Chemical Composition and Keeping Qualities of a Scaly Fish Tilapia 

(Oreochromisniloticus) Smoked with Two Energy Sources. Afr J Gen Agric 4: 113-117
Adebayo-Tayo, B. C., Odu, N. N., and Esen, C. U. (2012a). Microbial Quality of Frozen Fish Sold in Uyo 

Metropolis. Nature and Science, 10(3), 71-77.
Adebayo-Tayo, B. C., Odu, N. N., and Esen, C. U. (2012b). Microbiological and physicochemical qualities 

of catfish (Clarias gariepinus) smoked with two energy sources. African Journal of Microbiology 
Research, 6(24), 5111-5116. https://doi.org/10.5897/AJMR11.928

Adebolu, T. T., Ifeoma, C. E., and Adeoye, O. T. (2017). Assessment of bacterial load in fish sold in some 
markets in Ondo State, Nigeria. Journal of Applied Sciences and Environmental Management, 
21(3), 537-541.

Adedeji, O. B., Akinyemi, A. F., and Idowu, E. (2014). Microbial load of selected seafood in Ibadan, 
Southwest Nigeria. African Journal of Clinical and Experimental Microbiology, 15(3), 141-148.

Ali, M. A., Uddin, M. M., Habib, A., Khan, M. S., and Rahman, M. M. (2018). Bacterial contamination in 
fish species in retail markets of Dhaka city, Bangladesh. Journal of Food Safety, 38(1), e12419.

Bellmann, C., Tipping, A., and Sumaila, U.R. (2016). Global trade in fish and fishery products: an overview. 
Mar Policy, 69:1818 DOI: 10.1016/j.marpol.2015.12.019.

Bhaskar, N., Setty, T. M. R., and Hosakote, R. (2004). Incidence of enterotoxigenic and cytotoxic strains 
of Aeromonas species in various food and environmental samples. Indian Journal of Medical 
Research, 119, 225-228.

Cheesbrough, M. (2018). District laboratory practice in tropical countries (2nd ed.). Cambridge 
University Press.

Clucas, I.J., and Ward, A.R. (1996). Post-Harvest Fisheries Development: A guide to Handling, Preservation, 
processing and Quality. Natural Resource Institute Chatham Maritime. Kent, United Kingdom.

Elhadi, N., Aljindan, R., and Aljeldah, M. (2004). Prevalence of Enteropathogenic Escherichia coli in 
market fish in the eastern province of Saudi Arabia. Saudi Medical Journal, 25(8), 1172-1175.

Eyo, A.A. (2001). Fish Processing Technology in the Tropics. National Institute for Fresh Water Fisheries 
Research (FIFR), New Bussa, Nigeria.

Eze, E. I., Nweke, O. C., and Nnadozie, C. U. (2020). Bacterial load and prevalence of foodborne pathogens in 
retail fish in Nigeria. Nigerian Journal of Microbiology, 34(2), 2024-2034.

Graham, E.R. (2014). International organizations as collective agents: fragmentation and the limits of principal 
control at the World Health Organization. Eur J Int Relat.;20(2):366-90. DOI: 
10.1177/1354066113476116

Gram, L., and Huss, H. H. (1996). Microbiological spoilage of fish and fish products. International Journal 
of Food Microbiology, 33(1), 121-137. https://doi.org/10.1016/S0168-1605(96)01144-2

Hamed, A. M., Abd El-Aziz, R. M., and Ali, H. S. (2015). Microbial Assessment of Fish Samples Collected 
from Different Locations in Sharkia Governorate, Egypt. Journal of Basic and Applied Zoology, 70(1), 1-8.

Hatha, A. A. M., Lakshmanaperumalsamy, P., and Mancy, K. A. (1998). Prevalence of Salmonella in fish 
and crustaceans from markets in Coimbatore, South India. Food Microbiology, 15(6), 579-583.

Heintz, M.L., and Johnson, J.M. (1998). The Incidence of Listeria spp., Salmonella spp., and Clostridium 
botulinum in smoked fish and shellfish. J Food Prot 61: 318-323.

Horner, W.F.A. (1992) Preservation of fish by curing, Drying, Salting and smoking. In: Fish Processing Technology, 
G.M. Hull (edn) Blackie Academic and Professional, New York.

Kipkoech, R., Takase, M., and Amankwa-Afrifa, E.K. (2022). Renewable energies in Ghana in relation to 
market condition, the environment, and food security. J Renew Energy, 1-8. DOI: 10.1155/2022/8243904.

Kousar, R., Shafi, N., Andleeb, S., Ali, N.M., Akhtar, T., and Khalid, S. (2020). Assessment and incidence 
of fish associated bacterial pathogens at hatcheries of Azad Kashmir, Pakistan. Braz J Biol, 80(3):607-14.  
DOI: 10.1590/1519-6984.217435.

672



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Koutsoumanis, K. P., and Sofos, J. N. (2004). Microbial contamination of food. In Encyclopedia of Meat 
Sciences (pp. 727-736). Elsevier.

Kumar, R., Surendran, P. K., and Thampuran, N. (2015). Distribution and genotypic characterization of 
Salmonella serovars isolated from tropical seafood of Cochin, India. Journal of Applied 
Microbiology, 98(4), 812-820.

Liang, J., Liu, J., Zhan, Y., Zhou, S., Xue, C.X., and Sun, C. (2021). Succession of marine bacteria in response 
to Ulva prolifera-derived dissolved organic matter. Journal Environ Int 155:106687. DOI: 
10.1016/j.envint.2021.106687

Mensah, P., Yeboah-Manu, D., Owusu-Darko, K., and Ablordey, A. (2019). Street foods in Accra, Ghana: 
How safe are they? Bulletin of the World Health Organization, 80(7), 546-554.

Okonko, I. O., Adejoye, O. D., Ogun, A. A., Ogunnusi, T. A., and Fajobi, E. A. (2011). Microbiological assessment 
of fish samples in Lagos, Nigeria. Middle-East Journal of Scientific Research, 2(5), 96-101

Olokor, J.O, Ihuahi, J.A, Omojowo, F.S, Falayi, B.A, and Adelowo, E.A. (2007) Handbook of Practical Fisheries 
Technology. Fisheries Technology Division, National Institute for Freshwater Fisheries Research 
(NIFFR), PMB 6006, New Bussa, Niger State, Nigeria.

Olowokere, F. O., Olayinka, A. M., and Olukemi, A. (2018). Comparative microbial assessment of fresh 
fish and smoked-dried fish from different markets in Ibadan, Nigeria. Journal of Food Quality 
and Hazards Control, 5(1), 27-34.

Onyemelukwe, N. F., and Ogan, M. T. (2002). Bacteriological Quality of Fish and Shellfish in Enugu, Nigeria. 
International Journal of Food Microbiology, 75(1-2), 105-109.

Özyurt, G., and Polat, A. (2016). Effects of processing on the quality of fish and fish products. In Seafood 
Processing (pp. 3-21). Springer, Cham.

Rahman, M. M., Hasan, M. M., and Sultana, R. (2012). Microbiological Quality Assessment of Raw Fish 
Collected from Different Markets in Dhaka City. Stamford Journal of Microbiology, 2(1), 13-18.

Rawson, G.C. (1966) A short Guide to Fish preservation. U.S Food and Agriculture Organization, Rome.
Sivaraman, G. K., Kalyani, D., and Sangeetha, M. (2012). Isolation and identification of bacteria from fish. 

International Journal of Current Microbiology and Applied Sciences, 1(3), 78-84
Uddin, M. N., Faruque, M. R., Rahman, M. H., and Islam, M. T. (2013). Microbial status of some fish feeds 

collected from different fish farms of Bangladesh. Bangladesh Journal of Microbiology, 30(1-2), 1-4

673

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

QUALITY OF LEATHER PRODUCED FROM FOUR SPECIES OF CAPTURED 
FISH FROM GALMA RESERVOIR, ZARIA, NIGERIA

1 2 3Folorunso, L. A., N. M. Zitta and J, Michael

1Samaru College of Agriculture, Division of Agricultural Colleges, Ahmadu Bello University, Zaria
2Department of fisheries and Aquaculture, Ahmadu Bello University, Zaria
3
Nigerian Institute of Leather and Science Technology, Samaru, Zaria

Corresponding author:
f5ace2000@gmail.com; +2348037185335, 0000-0001-9256-2833

INTRODUCTION
An average of only 30% to 40% of fish end up as food, while the remaining 60% to 70% turns into a 
byproduct (Fadda et al., 2024). Sarkar et al (2023) described 19 products obtainable from fish among 
which have important applications in aquaculture, agriculture, food, cosmetics and other industries to 
include: isinglass, pituitary gland, chitin, chitosan, pearl essence, fish skin leather, fish protein 
hydrolysates and concentrates, fish meal and scrap, fish oil, collagen, gelatin, glue, fish silage, pet food 
and wet feed from fish, fish fertilizer and compost.
Leather is a durable and flexible material created by the tanning of animal raw hide and skin, primarily 
cattle hide while natural grain, variation in the grains, good breathability and other natural features are 
all signs that the material is genuine (Duraisamy and Shamena, 2016). Tanning is the process of 

ABSTRACT 
Due to its low value, fish skin is underutilized during fish processing. 
Thus, this research assessed some physical characters of leather 
produced from four notable fish species present in Galma reservoir, 
Zaria, Kaduna State, Nigeria. Two (2) pieces each of four (4) fish 
species with two (2) scaly being Lates niloticus, Heperopisus bebe and 
two (2) non-scaly being Auchenoglanis occidentalis, Bagrus bajad were 
obtained from fishermen catches at Galma Reservoir. The fresh fish 
was skinned, salted and the pelt was transported to Nigerian Institute of 
Leather and Science Technology, Zaria for soaking, descaling, liming, 
fleshing, deliming, drenching, tanning, piling, retanning, fatliquoring, 
fixing, drying and buffing using standard methods. After production, 
the leather was physically tested for water absorption (mg/cm3), water 
vapour permeability (mg/cm3), shrinkage temperature (°C) and tensile 
strength (N/mm2). Leather produced from the species had water 
absorption of 0.120±0.009 to 0.229±0.017, water vapor permeability 
of 0.047±0.011 to 0.078±0.024. The shrinkage temperature recorded 
for all the species ranged between 67±1.414 to 71±1.414 while the 
tensile strength for the four species ranged from 2.722±0.061 to 
8.613±2.167. This study concludes that being scaly or non-scaly does 
not confer water absorption and water vapour permeability of fish 
leather. However, leather obtained from Auchenoglanis occidentalis 
had the lowest water absorption, comparable water vapour 
permeabilty, comparatively high shrinkage temperature and highest 
tensile strength as compared to Bagrus bajad, Lates niloticus, and 
Hyperopisus bebe.

Keywords:
fish skin, water absorption,
water vapour permeability,
scaly fish, non-scaly fish.
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converting the raw skin and hides from different animals into a sustainable and manageable material 
called leather (Ahmed and Maraz, 2021). The production of fish skin leather is based on taking waste 
and turning it into a useful product and due to similarity in strength to tough cow hide, it can be used 
for anything from handbags, belts, clothing, small accessories and shoes, furniture, interior decoration, 
and so on (Duraisamy and Shamena, 2016). 
Leather making is a very long process and consists of many different chemical and mechanical process 
steps (Ahmed and Maraz, 2021). Rawhides or skins undergo different type of mechanical and chemical 
technique including hair removal, trimming, soaking, liming, fat liquoring, tanning to produce finally 
durable and sustainable finish product of leather (Gondim et al,. 2015). After production, the quality 
and properties of tanned leather differ primarily because of differences in species, breed, living 
conditions of the animals and different areas within the same hide or skin (Ahmed and Maraz, 2021). 
Apparently, the need to diversify benefits obtainable from fish and grow our economy using notable 
fish species abundant in Nigerian freshwaters prompted scientists to examine various ways of 
optimizing the usefulness of fish and its byproducts.  Thus, this research assess the water absorption 
and water vapour permeability of leather produced from two (2) scaly fish species: Lates niloticus, 
Heperopisus bebe and two (2) non-scalyfish species: Auchenoglanis occidentalis, Bagrus bajad known 
for their abundance in Nigerian freshwaters.

MATERIALS AND METHODS
Two (2) pieces each of four (4) fish species: Lates niloticus, Heperopisus bebe, Auchenoglanis 
occidentalis, and Bagrus bajad were obtained from fishermen catches at Galma Reservoir, Zaria, Kaduna 
State, Nigeria and were identified using Suleiman (2016). The skin was removed and salted before it was 
taken as pelt to the laboratory at Nigerian Institute of Leather and Science Technology (NILEST), 
Samaru. Zaria. The pelt was soaked, descaled, limed, fleshed, delimed, drenched, tanned, piled, retanned, 
fatliquored, fixed, dried and buffed using standard methods. After production, the leather was physically 
tested for water absorption (mg/cm3) and water vapour permeability (mg/cm3) using Muver equipment. 
The shrinkage temperature (°C) and tensile strength were also assessed. Resulting data from the duplicate 
samples were pooled together, while the average and standard deviation was calculated.
Procedure:
Skin was removed with a small kitchen knife, and alt was sprinkled on the fleshy part to prevent mould. It 
was dried and taken to the laboratory 48hours later for tanning. It was then soaked completely in water for 
3 hours to refreshen the skin; thereafter drained of the water and washed, it was then weighed for 
descaling. Sodium sulphite was added at 2% for descaling and removal of pigments for scaly and non-scaly 
respectively. It was agitated for one hour after which the scale was completely dissolved. The water was 
drained and the pelt was washed. Calcium hydroxide 3% was added and agitated for 2 hours and allowed 
to stand for 24 hours. The following day, the excess fat was removed from the fleshy part using a fleshing 
knife. It was then washed with water. Ammonium sulphate 2% was added to the water (based on weight) 
and agitated for 30minutes after which the water was drained, and the pelt was washed.
The pelt was weighed and soaked in water equivalent to 80% of the weight, 6% Sodium chloride was 
added and agitated for 10 minutes after which 1% formic acid was added and further agitated for 30 
minutes. The pH was monitored and it was 4.5. A value of between 4.0 – 5.0 is suitable for vegetable 
tanning. Tanning was done inside the fluid used for drenching. The pods of dividivi plant (Caesalpinia 
coriaria) equivalent to 10% of the weight of the pelt was added to the mixture and agitated for 30 minutes. 
The pods of bagaruwa (Acacia nilotica) were ground and 15% was added and agitated for one hour. The 
leather was then removed, washed and piled for two days. For the piling, it was arranged flesh to flesh, 
grain to grain and wrapped with polythene. After the two days, the leather was soaked inside 100% weight 
of water and a pinch of Sodium bi carbonate was added as buffer to normalize the pH.
For retanning, 10% of dividivi was added and agitated for 30 minutes. After which 15% bagaruwa was 
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added and agitated for 30 minutes, the water was then drained. To achieve fatliquoring, water was 
boiled to 50°C after which 3% of fatliquor was added and agitated for 30 minutes. Formic acid (1%) 
was added and agitated for 30 minutes. It was then drained washed and dried for 48 hours. The rough 
surface was buffed to smoothen the fleshy part. Physical testing was done to assess water absorption, 
water vapour permeability, shrinkage temperature, percentage elongation at maximum load, and 
tensile strength while the ball burst was also assessed. 

RESULTS AND DISCUSSION
The results of the physical characters of leather obtained from four (4) different freshwater fish 
species is presented in Table 1. Previous studies have reported production of leather from fish species 
such as Oreochromis niloticus (Gondim et al., 2015), and Solea solea (Abid et al., 2020) amongst other 
species so the production of leather from Auchenoglanis occidentalis, Lates niloticus, Bagrus bajad and 
Hyperopisus bebe used in this study will increase the number of fish species from which leather has 
been produced. 

Table 1: Physical characters of leather obtained from four (4) Nigerian freshwater fish species

Non-scaly Non-scaly Scaly Scaly

Parameters
Auchenoglanis 
occidentalis Bagrus bajad Lates niloticus Hyperopisus bebe

Water Absorption mg/cm3 0.120±0.009d 0.229±0.017a 0.154±0.027b 0.135±0.000c

Water vapour permeability 
mg/cm3 0.047±0.011a 0.062±0.007a 0.078±0.024a 0.050±0.029a

Shrinkage Temperature (ºC) 70±0.000a 67±1.414b 70±5.656ab 71±1.414a

Percentage elongation at 
maximum load (%). 18.437±6.352c 33.597±1.934b 67.386±16.127a 32.398±14.664b

Tensile strength N/mm2. 8.613±2.167a 6.679±0.720a 2.722±0.061b 6.057±4.113ab

Ball burst 

Force (N) 31.645±5.059a 22.615±5.098ab 33.030±5.699a 17.185±4.122b

Displacement (mm) 11.545±2.425a 11.58±1.655a 11.295±2.722a 11.485±1.803a

Mean values with same superscript along the same row are not significantly different 

Leather produced in this study had water absorption (mg/cm3) of 0.120±0.009, 0.229±0.017, 
0.154±0.027, 0.135±0.00, and water vapor permeability (mg/cm3) of 0.047±0.011, 0.062±0.007, 
0.078±0.024, 0.050±0.029, for Auchenoglanis occidentalis, Bagrus bajad, Lates niloticus and 
Hyperopisus bebe respectively. In this study, there was no specific pattern observed in water 
absorption of leather produced among scaly and non-scaly fish. From the results, leather obtained from 
the skin of Auchenoglanis occidentalis has the lowest water absorption capacity which is significantly 
different from leather obtained from other species. Water absorption in leather is a measure of the 
maximum volume of water that the material can absorb and the lower the water absorption, the better 
the leather. The high-water absorption recorded for the four species is in line with Fadda et al., (2023) 
that reported high hydrophilicity and water absorption as a shortcoming for fish leather. The water 
vapour permeability determines the breathability of the leather, which is an indication of how the 
leather allows moisture to pass through the leather and the higher the permeability the better is the 
material. There is no significant difference in the vapour permeability of leather produced from the 
four fish species used in this study so all of them possess the same level of permeability.
Shrinkage temperature explains the temperature at which the leather will be denatured. Different 
tanning materials have different shrinkage temperature, vegetable tanned materials have a lower 
shrinkage temperature than chromium tanned materials. Alla et al., (2016) reported that chrome 

676



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

tanned fish skin withstood temperature up to 106°C while solefish (Solea solea) skin tanned with 
vegetable tannate had a shrinkage temperature of 83°C to 89ºC. The shrinkage temperature observed 
for all the species in this study was between 67±1.414°C to 71±1.414°C and these lower values may 
be as a result of vegetable tannate used and due to the cold blooded nature of fish. These values are 
lower than Mimosa extract (standard) of 80°C reported by Teklemedhin, et al., (2023). Tanning assists 
the hydrothermal stability of skin protein and the shrinkage temperature is an indicator of how stable 
the collagen in the leather is. If leather is not stabilized, the leather will spoil when exposed to a higher 
temperature (eg hot water) than its shrinkage temperature. 
Tensile strength with a high value is an indication that the leather was tanned properly, and it can 
withstand stress. The tensile strength reported for the four species in this study ranged between 
2.722±0.061 to 8.613±2.167 N/mm2. These values are lower than Mimosa extract standard 
(14.8N/mm2) reported by Teklemedhin, et al. (2023). Percentage elongation explains how the 
material expands with time. Lates niloticus has the highest percentage elongation of 67.386±16.127% 
which was significantly different to Auchenoglanis occidentalis 18.437±6.352%. All the different 
characteristics reported for leather made from the different fish species confers the ability to use the 
leather for various purposes which can be as a main material or as a supportive material. This gives 
credence to Vavra (2020) who reported that the use of fish skin does not appear to be based purely on 
climate, subsistence strategies, or the availability of fish, but also on cultural norms and traditions. 
Although the size of fish used in this study and the area of leather produced may be small, but its usage 
cannot be limited to footwear alone, there are other areas where leather can be utilized for aesthetics 
and interior decoration. 

CONCLUSION 
Leather obtained from Auchenoglanis occidentalis has the lowest water absorption as compared to 
Lates niloticus, Bagrus bajad and Hyperopisus bebe. Its water vapour permeabilty is non-significantly 
different to other species. It can withstand a temperature up to 70ºC, has the highest tensile strength 
of 8.613±2.167 N/mm2 and lowest percentage elongation at maximum load of 18.437±6.352 (%).
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INTRODUCTION
Fish is highly susceptible to deterioration in the absence of any processing or preservation techniques. 
(Okonta & Ekelemu, 2005) and needs to be handled and preserved properly to improve its nutritional 
value, shelf life, and quality (Ye, 1999). The fishing industry suffers enormous postharvest losses, which 
are estimated to be between 35 and 40 percent of landed weight (FAO, 1994) notwithstanding its 
significance. Around 25% of the yearly global catch is still lost after harvest (FAO, 1994). These losses have 
a significant negative impact on fishing communities, whose livelihood and status often depend on post-
harvest activities. For the worldwide fish industry, the quality of fish and fishery products has become a 
significant issue (Huss et al., 2003). Fish is one of the most perishable meals, even with technical 
developments in manufacturing. As a result of the globalization of the food trade, fish products are more 
likely to be rejected for poor quality, particularly if the initial raw materials are of low quality.
Concerns over the quality of processed and fresh fish products are a persistent concern for both 
producers and consumers. This fact will never alter because fish is one of the diets that is necessary for 
the best possible health outcomes for humans. For many low-income rural areas, fish is a significant 
source of income and protein (Béné et al., 2009). Due to its high vulnerability to microbial attack, fish 
is extremely perishable after harvest (Ashie et al., 1996). Fish has a shelf life of a few days to around 
three weeks, making it a perishable food item (Amit et al., 2017). Akande and Diei-Quadi (2010) 
define post-harvest fish losses as three types: market force loss (i.e., monetary), quality loss (i.e., 
unacceptability or spoiling), and physical loss (i.e., damage to body parts). 

IMPROVED FISH HANDLING & SMOKING REWARDS BETTER QUALITY
In the realm of fish processing and safety, there is an increasing need for improved fish handling and 
smoking (IFHAS). Quality assurance is one of the areas targeted for guaranteeing the safety of fish or 
food. It has been defined by International Standards (Sciortino & Ravikumar, 1999) as a planned, 
methodical action designed to ensure confidence regarding the caliber of a certain good or service. Fish 
quality assurance necessitates precise yet comprehensive scientific information (FAO & WHO, 2001), 
which also takes into account controls and dangers related to fish and fisheries products (Food and 
Drug Administration [FDA], 2011). It has been advised to take steps to reduce microbial spoilage and 
delay lipid oxidation, including controlling the storage temperature, applying brine solution, packing 

ABSTRACT
An essential protein source that promotes both economic growth and 
better human nutrition is fish. The inability to launch a fish business, 
costly processing technologies, and postharvest losses from spoiling 
continue to limit the number of communities and impoverished rural 
people that depend on fish to meet their end needs. As a result, 
smoking fish has emerged as the most popular preservation 
technique. This study examines acceptable techniques to solve 
potential issues endangering the safety of fish and fish products in 
order to address the quality and safety of smoked fish.

Keywords:
Fish, Smoked,
Quality, Safety
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methods, and using supplemental or natural antioxidants (Medina et al., 2009).
Appropriate policies and technologies that can be applied correctly during the processing and storage 
stages should also serve as a reference for such efficient methods or strategies intended to prevent food 
spoiling (Odeyemi et al., 2020). Fish must be preserved properly for a prolonged amount of time in 
order to maintain its nutritional value, color, texture, and flavor (Amit et al., 2017)
With increasing consumers' demand for fresh food and growing efforts to keep or maintain the 
freshness of raw fish upon harvest, strategies such as efficient storage of fish in the forms of chilled and 
frozen products are examples of highly recommended practices which have also dominated the 
proportion of fish production and consumption in areas with developed technologies driven by rising 
demand for high quality products and the impact of distant markets and the need for long -term storage 
(Medina et al., 2009). Application of ice in ice -cooler boxes as the only method of fresh fish storage by 
fish retailers in the local markets in the developing countries (Alosias, 2019) is an example of chilled 
storage for fresh fish preservation commonly practiced in developing countries, albeit the use of 
refrigerators for storage of all types of fresh and other processed foods can be found in supermarkets. 
The term chilling and freezing are sometimes used interchangeably when cooling is conducted below 
5ºCelsius as described in the physical principles of food preservation (Amit et al., 2017).

QUALITY AND SAFETY STATUS OF SMOKED FISH
Traditional smoking methods entail applying wood smoke to pre-salted, whole, or filleted fish, allowing 
smoke from incomplete wood burning to come into direct contact with the product. If the process is 
not sufficiently regulated or extremely intense smoking methods are used, it has been discovered that 
PAHs will contaminate the fish (Gómez-Estaca et al., 2011). Smoked fish is one source of polycyclic 
aromatic hydrocarbons (PAHs), which are a broad class of organic molecules with two or more fused 
aromatic rings composed of carbon and hydrogen atoms (Guillen et al., 1997). The incomplete 
combustion or thermal degradation of the organic components occurs when fish is smoked, roasted, 
barbecued, or grilled, leading to the formation of PAHs (WHO, 2006). Pyrolysis of the fats in the 
meat/fish generates PAHs that become deposited on the meat/fish. PAHs production by cooking over 
charcoal (barbecued, grilled) is a function of both the fat content of the meat/fish and the proximity of 
the food to the heat source (Kazerouni et al., 2001; Phillips, 1999).
Several analyses of charcoal roasted/grilled common fish by several researchers (Ogbadu and Ogbadu, 
1989; Guill´en and Sopelana, 2005; Akpambang et al., 2009; Linda et al., 2011) have proven the 
presence of PAHs such as benzo [a] pyrene, anthracene, chrysene, benzo[a]anthracene, indeno [1,2,3-
c,d] pyrene. Several researchers (Bababunmi et al., 1982; Alonge, 1988; Lijinsky, 1999; Fritz and Soos, 
1980; Borokovcova et al., 2005) reported that most of these PAHs have been found to be carcinogenic 
while some are not. Emerole (1980) studied and screened for the presence of PAH in local foodstuffs 
available in Nigerian market. He discovered that appreciable amounts of benzo[a] anthracene and 
benzo [a] pyrene were found present in three varieties of smoked fish and smoked meat (suya) 
purchased from a popular market in Ibadan, Nigeria. High levels of PAHs have been reported to be 
associated with the dark colorations in intensively heated fish products. Research has also revealed the 
existence of aflatoxins in fish and fish feed. Aflatoxin-producing microsclerotia species of Aspergillus 
section Flavi, Aspergillus flavus, and Aspergillus parasiticus naturally create these extremely deadly 
substances. (Almeida et al., 2011; Barbosa et al.,).
Furthermore, the detrimental impacts of aflatoxin-contaminated feeds on fish health and productivity have been 
well-documented (Jantrarotai et al., 1990;). Despite the wealth of information on aflatoxin contamination of 
different foods and livestock feeds, as well as the health consequences associated with it, little to no data are 
available regarding the prevalence of Aspergillus species and aflatoxin in fish in Nigeria and many other developing 
nations, despite the fact that fish is a common food item in these countries. A good fish smoking plan (FAO, 2005) 
should not only consider applying IFHAS approach but also improved smoking kiln or fish drier.
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CHEMICAL COMPOSITION OF SMOKED FISH
Smoking is one of the methods of preserving fishery products. Various studies on preservation by 
smoking have been carried out, such as the Coban and Patir (Ficicilar et. Al., 2017) study on smoking 
Oncorhynchus mykiss with the addition of clove oil, and Ficicilar and Genccelep (Adedeye et al., 
2018) on Rainbow Trout. The quality of smoked fish products is influenced by raw materials, smoking 
methods, smoking concentrations and raw materials for smoking sources (Adedeye et al., 2018). 
Indicators in assessing the durability of smoked fish products can be seen from the values of TBA, TVB 
and pH as well as the value of  biogenic amines consisting   of histamine, putrescine, cadaverine, 
tyramine, and tryptamine compounds. The quality of smoked fish can be seen from the value of 
protein, vitamins and minerals it contains. According to Adeyeye et al. The processing of raw materials 
will influence on the nutritional composition of the final product (Syam). Several nutrients in the food 
will be lost during the processing. Amino acids, vitamins, and minerals will usually be easily 
decomposed due to heat so that the quality of smoked fish can be determined also from the content of 
amino acids, vitamins, and minerals.

MICROBIOLOGY OF SMOKED FISH
Traditionally processed fishery products are very susceptible to microbiological damage. 
Microbiological   damage can be caused by pathogenic bacteria or fungi. Damage to a product depends 
on the initial bacterial count, sanitation and hygiene during processing, and preservation methods and 
storage methods. Improper processing methods will cause the growth of Salmonella bacteria in the 
product. The smoking method using liquid smoke at a temperature of 30-60ºC can extend the shelf life 
of smoked fish products. This can be determined by the number of bacterial colonies during storage. 
Some pathogenic bacteria in smoked fish will not grow because of the heat from the smoking process. 
The high temperature used can damage these pathogenic bacteria as well as the presence of chemical 
compounds from the smoke that are useful as antimicrobials.

Table 1. Chemical composition of smoked fish 

Parameter Hot Smoked Cold Smoked

Moisture
 
content             

             
71.01 -73.52 %                  

                    
34.56 -52.50 %

 

Protein                         
                 

16.11 -52.13 %               
                       

10.16 -21.54 %
 

Lipid
                                             

0.90 -7.60 %
                                          

30.
 
14 -46.46 %

 

Ash
                                               

0.32 -0.64 %
                                          

1.00 -2.70 %
 

pH
                                                

6.54 -6.5
                                                 

75.00 -5.01
 

Histamin
                                       

11 -18.26 mg/kg
                                    

100 -220 mg/kg
 

Putresin                                         3.26 -8.90 mg/kg                                   4 -15 mg/kg 

Kadaverin                                     4.19 -7.95 µg/g                                      10 -200 µg/g 

Tiramin                                         5.31 -6.65 mg/kg                                   90 -130 mg/kg 

Triptamin                                      14.47 -32.17 mg/kg                               < 5 mg/kg 

Lysine                                           7.36 -7.72 g/100 g                                 1.70 -2.10 g/100 g  

Histidine                                       2.46 -2.92 g/100 g                                 0.50 -0.65 g/100 g  

Arginine                                        6.27 -6,71 g/100 g                                 1.11 -1.41 g/100 g  

Threonine                                     4.58 -4.91 g/100 g                                  0.94 -1.13 g/100 g  

Valine                                           4.52 -4.98 g/100 g                                  1.04 -1.35 g/100 g 

Glutamic acid                                14.19 -14.93 g/100 g                             2.47 -2.94 g/100 g 

Tyrosine                                        3.17 -3.67 g/100 g                                  1.65 -1.85 g/100 g 
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Table 2. The number of microbes in smoked fish 

PAH                                              < 0.25 ppb                                               < 0.25 ppb 

Phenol                                            0.4 -12.6 %                                             0.01-0.02 % 

Mg                                                 381 -441 mg/kg                                       324 -327 mg/kg 

Cu                                                  0.5 -0.7 mg/kg                                         0.4 -0.5 mg/kg 

 

Parameter Hot Smoked Cold Smoked

TPC 4.5x101-1.1x103 Colonies/g 7.3 -7.9 Log cfu/g

Lactid acid bacteria 2.5 -4.26 Log cfu/g 2.5 -4.6 Log cfu/g

Enterobacteriaceae 0.3 -5.27 Log cfu/g < 6.8 Log cfu/g

Gram-negative psychotropic 
Bacteria < 1 Log cfu/g < 1 Log cfu/g

*Asian Journal of Fisheries and Aquatic Research (2021)

Lactid Acid Bacterial (LAB) was reported as part of natural micro flora of fish fillets. Based on 
(Adeyeye et al., 2018) reported there were no significant differences were observed in LAB values of 
cooked and smoked samples.  From the presence of LAB in the finished products, it can be concluded 
that these species were capable of surviving cooking and smoking. LAB seem to form the main micro 
flora of the vacuum-packed smoked fish at the end of the storage period generally, since they are well 
adapted to the conditions prevalent in these products: low pH, vacuum packaging, higher salt content, 
refrigerated storage. Enterobacteriaceae were also found to be part of Lactid Acid Bacterial (LAB) was 
reported as part of natural micro flora of fish fillets. Based on (Adeyeye et al., 2018) reported there 
were no significant differences were observed in LAB values of cooked and smoked samples. From the 
presence of LAB in the finished products, it can be concluded that these species were capable of 
surviving cooking and smoking. LAB seem to form the main micro flora of the vacuum-packed smoked 
fish at the end of the storage period generally, since they are well adapted to the conditions prevalent in 
these products: low pH, vacuum packaging, higher salt content, refrigerated storage. 
Enterobacteriaceae were also found to be part of the spoilage micro flora of vacuum packaged smoked 
fish.  In hot smoked rainbow fillets, the initial Enterobacteriaceae count was low as 0.3 log cfu/g and 
reached to 5.27 log cfu/g at the end of storage time. The initial total number of Enterobacteriaceae on 
the hot smoked rainbow trout and cooked rainbow trout was lower than 1 log cfu/g. Smoking reduced 
the Enterobacteriaceae count throughout the storage duration (Adeyeye et al., 2018)

CONCLUSION.
The study addressed significant topics that demonstrate the range of IFHAS strategies to guarantee 
high-quality, safe food products. An endeavor of this kind can be effectively accomplished if fishermen, 
fish processors, traders, and everyone else involved in handling fish until it is consumed in developing 
nations where customary hot fish smoking has been documented as a widespread practice, are better 
prepared for any obstacles they may face and are aware of the acceptable or recommended practices, 
the necessary skills, and the potential rewards in terms of quality and profits.
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INTRODUCTION
Fish is an important source of animal protein in all stages of human development. It contributes more 
than 60% of the world supply of protein, especially in the developing countries. A complete protein is 
said to have a high biological value when it contains all the essential amino acids that is adequate in 
amounts and proportions to maintain life and support growth. Fish provides high quality protein, fats, 
vitamins and minerals like magnesium and phosphorus (Ali et al., (2020)  The protein value of fish is 
much greater than that of other foods containing protein due to the high amount of amino acids in it 
(Kizilaslan, 2019). 
Besides, fish is easy to digest because of the absence of conjunctive tissue (Kizilaslan and Nalinci, 
2013). Several research scholars have explored the fish's dietary value and its paramount significance in 
human food from different aspects. Many recent studies reported that fish consumption aids in 
stopping various health diseases, including bacterial infections, Alzheimer's disease, metabolic 
disorder, protein-calorie malnutrition, high blood pressure, cardiovascular and coronary heart diseases 

ABSTRACT
Fish is a proteinous food and is therefore capable of reducing the 
inadequacy of protein in the diet of many Nigerians. The estimated 
annual average per capita fish consumption for Nigeria is 13 Kg, a lower 
estimate of 8.33kg has recently being reported. Adequate fish 
consumption would go a long way in combating the shortfall. This paper 
therefore examined the consumption pattern of fish among households 
in Akinyele Local Government Area, Ibadan, Oyo State. The source of 
data for this study was of primary origin and the data was collected with 
the aid of structure questionnaire. Simple random sampling method 
was employed to select 120 households in the study area. Descriptive 
statistics were employed in the analysis of the socio-economic 
characteristics of fish consumers and determinants of fish consumption 
was done with the aid of regression analysis. The study showed that 
both male (15%) and female (85%) consumed fish. The mean 
household size of the respondents was 4±1 and about 44.2% of the 
respondents are traders. The majority (79.2%) of the respondents had 
mean monthly income of N62,555±N15,425 in the study area. The 
inferential analysis revealed that income, age, education and occupation 
of the respondents were positively determined fish consumption. It is 
therefore recommended that the government should consider putting 
more efforts to increase fish supply from aquaculture in the area to 
provide fresh fish at an affordable price that will encourage more fish 
consumption in the State.

Keyword:
Animal Protein,
Consumer,
Household, Nigeria
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(Hansen and Grung, 2016;  Bogard etal., 2017; Samoggia and Castellini,  2017;  Balami etal., 2020). 
The consumption pattern of a household is the combination of qualities, quantities, acts and tendencies 
characterizing a community or a human group's use of resources for survival, comfort and enjoyment. 
Consumption patterns normally contribute greatly to the social and economic policy of the country. In a 
developing country like Nigeria, the consumption pattern is skewed towards food i.e., food accounts for a 
higher proportion of the total expenditure while in developed countries the opposite is the case (NBS, 
2010).Consumer behaviour is a means of studying why consumers behaves the way they do when it comes 
to making a choice in purchasing goods. It attempts to explain the buyer decision-making process both 
individually and in groups. The theory of consumer behaviour assumes that a consumer is rational and aims 
at attaining the highest possible satisfaction given his income and the prevailing market prices. He 
attempts spending his income in a way that gives him maximum satisfaction (Agbaje, 2003).
The craving for fish is on the increase in Nigeria, given its important in individual and national health. 
Against this background, there is need to know the level of fish consumption which has been adjudged 
as common and relatively cheapest source of protein. Therefore, this paper is set out to investigate the 
determinants of fish consumption among the respondents in the Akinyele Local Government Area, 
Ibadan, Oyo State, Nigeria.

MATERIALS AND METHOD
This study was conducted in Akinyele Local Government Ibadan, Oyo State, Nigeria. Akinyele Local 
Government Area (LGA) is one of the eleven local governments that make up Ibadan metropolis.  It is bounded in 
the East by Lagelu LGA, Afijio LGA in the North, Ibadan North LGA in the South, and  Ido LGA in the West. 
A multistage sampling technique was employed in the selection of respondents to collect primary data. 
In the first stage, Ibadan town was purposefully chosen in the State. This is because the town is the 
capital of the state, the most populated and has abundant fish markets. The second stage involved the 
chosen of Akinyele local government from the eleven Local Government Areas in Ibadan Metropolis 
because of financial constraint. Akinyele local government area is subdivided into 12 wards, out of 
which Ojoo/Ajibode/Laniba ward was chosen due to the educational level of the households. The third 
stage involves a probability proportional to the size selection of 120 respondents from the ward, using 
population data from 2006. A semi-structured questionnaire that was validated before actual 
administration was designed to elicit relevant information.

The households' demographic characteristics and consumption patterns were analysed using 
illustrative statistics like mean, frequencies, and percentages. The multiple regression model was used 
to analyse factors determining household fish consumption.
The regression model is stated as follows 
Y = f (X , X , X , X , D , D )1 2 3 4 1 2

Where Y = Consumption Expenditure on fish
x  = Household monthly income in Naira 1

x  = Household size2

x  = Age of household head3

x  = Educational level of household heads4

D  = Occupation of household head = Salary earner =1; otherwise =01

D  = Taste preference of respondents (fresh fish =1, others = 0)2

Four functional forms were fitted to the data, and these are the Linear, Semi Log, Double Log and 
Exponential functions. The criteria for choosing the most appropriate functional forms for the study is 
based on computational simplicity and statistical accuracy of the fitting, others include R2, standard 
error of regression estimate, co-efficient with respect to sign of magnitude.
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RESULTS AND DISCUSSION
Table 1 presented the results on socio-economic characteristics of respondents in the study area. The 
analysis revealed that 85% were female while 15% of the respondents were male. This showed that 
majority of the respondents are female. This is because they are those involved in cooking activities as 
either wife or mother at home. This result is in agreement with Oyibo et al., (2020). Also, majority 
(63.34%) of the respondents were between 21-40 years, followed by the respondents with 35.00% 
which falls between 41-60 years of age while 0.83% respondents fall between the age 1-20 and 61-80 
years respectively. The mean age was 39years ±9years. This implied that majority of the respondents 
were young and in their active age, which by implication requires more nutrients to sustain their 
productive activities, especially protein and carbohydrate sources that could boost their energy and 
rebuild their worn-out tissues. Majority (77.50%) of the respondents were married, 10% were widow, 
5.83% were divorced while 4.17% were single and 2.50% were widower. The result indicated that the 
married people consumed more fish. This may be because the respondents in the study area perceived 
fish as means to provide nutritious meal enriched with balance protein source that is relatively cheap, 
of different types and forms, and affordable to their family members.  The results also revealed that 
35.00% of the respondents had secondary school education, 29.17% had B.Sc./HND education, 
20.83% had NCE/OND education while 9.17% had primary school education and 5.83% had M.Sc. 
education. This result shows that the education status in the study area was relatively low and is a 
typical attribute of peri-urban household in which this study area belong. The people with household 
size between 1 – 5 were 84.20% while that of 6 – 10 were 12.50% and >10 household were 3.30%. The 
mean household size of the respondents was 4±1. These indicated that majority of the respondents have 
moderate family size. The table also showed that few of the respondents interviewed were likely to have 
extended family members living with them. The occupational distribution of the respondents shows that 
about 44% were into trading, 35% were civil servant while 5.80% were artisan and 5.00% were farmers. This 
could infer that fish consumption will be high due to the level of occupation of the respondents. The results 
showed that only 2.5% of the respondents had income above N100,000, followed by about 8% that earned 
income between N71,000-100,000 while 79.17% earned income ranging between N40,000 to N70,000. The 
least monthly income earned by about 10.00% of the respondents was between N11,000 and N40,000. The 
mean income of the respondents was N62,555± N15,423. This implied that majority of the respondents 
in the study area are within the low-income group and those with higher income class are relatively few.

Table 1. Socioeconomic Characteristics of the Respondents

Gender Frequency Percentage (%)

Male 18 15.00

Female 102 85.00

Age

<20 1 0.83

20-40 76 63.34

41-60 42 35.00

>60 1 0.83

Mean 39±9

Marital Status

Single 5 4.17

Married 93 77.50

Divorced 7 5.58
Widow 12 10.00
Widower 3 2.50
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Result of determinants of fish consumption
From the four functional forms fitted, the double log function gives the best fit, hence, it is selected as 

2
the lead equation. This is based on the r , t-ratio and F- ratio obtained from the number of statistically 
significant variables and the economic theory of consumption expenditure. The regression equation of 
the double log function is given by 
Log Y= -0.169+ 0.595logx1*** + -0.088logx2** + 0.237logx3* + 0.042logx4 + 0.1528D1*** – 
0.5084D2***
             (1.753)        (0.189)           (0.188)      (0.408)               (0.209)           (0.156)    (0.185)  
 *** = t-value significant at 1%        ** = t-value significant at 5%             * = t-value significant at 10%

Figures in Parenthesis are standard errors
The value of the coefficient of determination R2 of the result is 0.6603 and this implies that the 
explanatory variable explains 66.03 percent of the variation in the value of fish consumption 
expenditure. The F-test indicates that the overall equation is significant at 1 percent level. 
From the regression result, income with a coefficient of 0.595 has a positive significance on the 
consumption of fish at 1% implying that every unit increase in the income level of respondents in the 
study area will result to a higher consumption level of 0.595 units. This is consistent with the economic 
theory of demand that shows a positive relationship existing between the income level of respondents 
and consumption. This is also in consonance with Oyibo et al. (2020) and Onyeneke et al. (2020) who 
reported that there is a relationship between income level and fish eating. The coefficient of household 
size is negative and statistically significant at 5 percent level suggesting that household size is indirectly 
related to fish consumption in the area. This could imply that as household size increases, the 
respondents switched over to a more relatively cheaper protein source such as the local cheese. This is 
much cheaper fish. Genschick et al., (2018) reported a positive relationship between fish consumption 
and household size, however, the researchers opined that this may not translate to actual higher 
consumption by household members, as it may cost more to provide enough fish for all members of the 

Education Status
Primary school 11  9.17
Secondary school 42  35.00
NCE/OND 25  20.83
B.Sc./HND 35  29.17
MSc 7 5.83
Household size

<5 101 84.20

6-10 15 12.50

>10 4 3.30

Mean 4±1

Occupation
Civil servant 53 44.20
Trading 42 35.00
Farming 06 5.00
Artisan 07 5.80
Monthly Income 
11,000- 40,000             12 10.00
41,000 – 70,000 95 79.17
71,000- 100,000 10 8.33
101,000 – 130,000 3 2.50
Mean = N62,555±N15,425
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family all the time. The age of respondents' variable had a positive coefficient of 0.237 at a 10% level of 
significance. Thus, with a unit increase in the age of the household head, there would be about a 0.23 % 
increase in the probability of fish consumption by a household which implies that it has a direct 
relationship on the fish consumption; this is possible because of constant warning against the 
consumption of red meat for health issues. As one is advancing in age, fish consumption also increases 
because of different health issues that comes with old age with the consumption of red meat. Fish is 
most ideal for the aged and the growing youth because of the ease of digestibility of its soft tissue (Eyo, 
2002).  Occupation and Taste of the respondents have a positive relationship with fish consumption in 
the study area and both are significant at 1%. 

CONCLUSION 
The factors influencing fish consumption discovered were income, age, education and occupation of 
the respondents. The households of Akinyele local government consumed fish without gender 
restriction.  In this light, the households are advised to go into homestead fish production to increase 
the supply of fresh fish in the area.  Government should also assist the households by considering 
putting more efforts to increase fish supply from of aquaculture in the area, this will go a long way to 
provide fresh fish at an affordable price that will encourage fish consumption the more in the State.
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INTRODUCTION
Fish is a vital source of income for many developing countries in which Nigeria is one (Williams et al., 
2010). Apart from being animal protein source, other benefits of fish as a resource include 
employment generation, poverty reduction and saving foreign exchange by stimulating local 
production at various rural areas (Yunusa and Maidala, 2008). Fish farming is a profitable enterprise 
and it is rapidly expanding and it will continue to be viable if its management and planning are well 
implemented (Runfu et al., 2009). Adewunmi (2006) reported that Nigeria is a protein deficient 
nation and as such there is an urgent need to increase protein intake through fish farming. 

MATERIALS AND METHOD
This study was conducted in Asa Local Government Area (LGA) of Kwara State, Nigeria, which is one of 
the sixteen LGAs in the State. The area covered 1,286 km2 and lies between Latitudes 8.80o and 8.40o 
North of the equator and Longitude 4.12o and 4.40o E (Kwara Agricultural Development Projects, 2006).
Method of Data Collection and Sampling Technique 
Primary sources of data were used for the study with the use of structured questionnaire to explore the 
minds of the practitioners' fish farmers in the study area. The primary data was collected with the aid of 
structured questionnaires administered to the respondents. Data were collected based on the socio-
economic variables such as gender, age, farming experiences, educational status, household size and 
income level of the respondent, as well as profitability variables with a total sample size of 150. The 
tools used for the of analysis of data collected are descriptive Statistics and farm budgeting technique. 

ABSTRACT
The study examined catfish production in three villages (Afon, 
Egbejila and Ago-oja) in Asa Local Government Area of Kwara state, 
Nigeria. 150 catfish respondents were evaluated using multistage 
sampling procedure and descriptive statistical tools to evaluate 
frequency, means and percentages, while gross margin, net farm 
income were used as inferential tools in making inference about the 
data collected. Results shows that 22.67% of the respondents were 
above 51 years of age with 63.33% being married and 66.67%, having 
tertiary education. Both male (63.33%) and female folks (36.67%) 
were involved in catfish production with mean age of 42 years and 5 
years of experience. The mean total fixed and variable cost is 
N1,923,400 and mean total revenue earned by the respondents is 
N2,369,933.33. The gross margin (GM), net returns on investment 
((NRI)) and cost benefit ratio (CBR) are N1,756,133.34, 
N1,672,500.01 and 1.23 respectively. The study therefore 
recommends that catfish farming is a profitable agricultural venture 
which can increase farmers likelihood in Nigeria.

Keywords:
catfish production,
respondents, socio-economic
characteristics, variable
and fixed cost
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Problems associated with fish production by the respondents, were requested to indicate the severity 
of each constraint with the aid of a 3-point Like t-type scale and the mean score used to rank the 
constraints in order of severity.

RESULTS AND DISCUSSION
Socio-economic characteristics of the respondents.
Results in Table 1, shows that majority of the respondents were aged between 51 and above (22.67%), 
while 63.33% were males, 66.7% had tertiary education, 66.33% were married, household size that 
were involved in production ranges between 1-5, while 70% were part time fish farmers and only 
between 1- 5 years of experience were 56.66%. These observations in the study agreed with Runfu et 
al., (2009), William et al., (2010) and Adewumi et al., (2006. Most of respondents (48.67%) used their 
personal fund to produce their fish, while 52% employed between 1- 3 people to support them as 
labourers. About 56.66% were pond owners with 3-4 pond unit constituting 37.33%. These are 
evident with work done by Adebayo (2012) and Olagunju et al., (2007). Most of the respondents used 
intensive feeding system (53.34%), while pumping machines were mainly used as a means of water 
supply to their ponds (80%). Most respondents adopted use of medication (80%) to prevent and to 
cure their fish in case of infection, while majority (66.67%) of the respondents stocked their ponds at 
juvenile stage.

Table 1. Socio-economic characteristics of the catfish farmers (n = 150)

Age Frequency Percentage (%)
20 – 25 10 6.67
26 – 30 28 18.66
31 – 35 21 14.00
36 – 40 26 17.34
41 – 45 16 10.66
46 – 50 15 10.00
51 – above 34 22.67
Male 95 63.33
Female 55 36.67
Education
No formal education 8 5.33
Primary 12 8.00
Secondary 30 20.00
Tertiary 100 66.67
Marital status
Single 42 28.00
Married 95 63.33
Divorced 6 4.00
Widow 7 4.67
Household size
1 – 5 81 54.00
6 – 10 46 30.66
11 – 15 1 0.67
16 – above 22 14.67
Part time farming
Yes 105 70.00
No 45 30.00
Years of experience
1 – 5 85 56.66
6 10 37 24.67

693



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Problems associated with catfish production by the respondents
The problems associated with catfish production in the study area in Table 2 is ranked according to 
their severity, which are as follows; lack of fund as 1st (66.67%), high cost of feed was 2nd (53.33%), 
both high cost of labour, theft and pouching were 3rd (53.33%) and lack of information about the 
market price ranked 4th (44.44%) respectively. Others are diseases and predation being 4th (13.33%), 
lack of good roads as 5th (10%), water pollution as 6th (6.67%), Flooding as 7th (3.33%) and attitude 
of middle men as 8th (2.66%). According to the report of Anthonio and Akinwumi (2002), FAO 
(2007) and WFC (2009), similar problems were observed.

Table 2: Problems associated with catfish production by the respondent.

–
11 – 15 11 7.34
15 – 20 8 5.33
21 – above 9 6.00
Sources of fund
Bank 18 12.00
Cooperative society 37 24.66
Personal saving 73 48.67
Government loan 22 14.67
No of people employed
1 -3 78 52.00
4 – 6 40 26.67
7 -10 30 20.00
Pond ownership
Yes 85 56.66
No 65 43.34
No of pond units
1 – 2 50 33.33
3 – 4 56 37.33
5 – 6 16 10.66
7 – 8 11 7.34
9 – 10 6 4.00
11 – above 11 7.34
Feeding practices system
Intensive 80 53.34

S/N Problems/Constraints Not a 
problem

Little 
problem

Serious 
problem

Rank

F (%) F (%) F (%)

1. Lack of fund 10(6.67) 40(44.44) 100(66.67) 1
2. High cost of feed 20(13.33) 50(33.33) 80(53.33) 2
3. Theft/Pouching 60(40.0) 50(33.33) 40(44.44) 3
4. Lack of information about 

market price
70(66.66) 60(40.00) 30(20) 4

5. High cost of labor 60(40) 50(33.33) 40(44.44) 3
6. Diseases/Predation 80(53.33) 50(33.33) 20(13.33) 5
7. Lack of good road 90(60) 45(30) 15(10) 6
8. Water pollution 95(63.33) 45(30) 10(6.67) 7
9. Flood 100(66.67) 45(30) 5(3.33) 8
10. Attitude of middle men 110(73.33) 46(30.67) 4(2.66) 9
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Cost Analysis of catfish production by the respondents.
Results in Table 3 show cost analysis for the production of catfish in the three locations including Afon, 
Egbejila and Ago Oja towns, respectively. The total variable cost for the three locations is N5,519, 300, 
with Afon (N1,822,000), Egbejila (N1,847,400) and Ago Oja (N1,849,900) respectively. The analysis 
shows the cost of feed as the highest of N4,545,00, while others cost is juvenile (N153,000), pond 
preparation (N93,000), liming and fertilization (N44,850), fueling (N53,000), medication (N36,900), 
labour and security (N267,950), netting and logistics (N105,000) and transportation (N120,700). The 
total fixed cost is N250,900, with a breakdown of land rentage (N151,500), depreciation cost on security 
house (N43,900), water bill, (N30,000) and depreciation on tools and machine (N25,500). The means for 
both the total variable and fixed cost is N1,923,400. The results in this study is similar to other field survey 
conducted by Emokaro et al., (2010) Ugwumba and Nnabuife (2008).

Table 3. Cost analysis of the catfish production respondents

Items of variable cost Afon Egbejila Ago oja Total cost 
(N)

Feed 1,500,000 1,520,000 1,525,000 4,545,000
Juvenile 50000 51000 52000 153,000
Pond preparation 30000 32000 31000 93,000
Liming/fertilization 15000 14900 14850 44,750
Fueling for pumping water 50000 52000 51000 153,000
Medication 12000 13000 11900 36,900

Labor/security 90000 89000 88950 267,950
Netting/logistics 35000 34500 35500 105,000
Transportation 40000 41000 39700 120,700
Total 1,822,000 1,847,400 1,849,900 5,519,300
Mean of TVC 1,839,766.67
Fixed cost
Land rentage 50000 51500 50000 151500
Depreciation cost on security house 14000 15000 14900 43900
Water bill 10000 10000 10000 30000
Depreciation on tools and machine 8000 9000 8500 25500
Total 82,000 85,500 83,400 250,900
Mean of TFC 83,633.33
Total cost = TVC+TFC # (5,519,300 
+250,900)

5,895,700.00

Analysis for catfish production by the respondents.
The results in Table 4 are the revenue analysis from the three locations of the respondents for one 
round of production within the year. Total revenue of N7,109,800 was realized representing the 
locations, out of which Afon, Egbejila and Ago Oja contributed N2,340,000, N2,438,000 and 
N2,331,800, respectively. The mean total revenue stand at N2369,933.33. According to William et al., 
(2010) and Yunuba and Maidala (2008), the cost of feed and inability to buy fish at higher price 
reduces the total revenue in fish production.
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Table 4. Revenue analysis by the catfish production respondents

Quantity (Kg) Afon Egbejila Ago Oja Total
Harvested (Kg) 900 920 890 2710
Rate /Kg (N) 2600 2650 2620 7870
Total revenue 2340000 2438000 2331800 7,109,800
Mean total revenue 2,369,933.33

Profitability analysis on catfish production by the respondents 

Table 5, is a summary of the profitability analysis of catfish production of the respondents in the study 
area. The results shows that the total revenue, gross margin and net return on investment are 
N1,672,500.01, N2,369,933.33, N1,756,133.34, while cost benefit ratio (CBR) is 1.23 respectively. 
This shows that catfish production by the respondents in the three-location evaluated is profitable 
since the CBR value is higher than one.

 Table 5. Profitability analysis of catfish production by the respondents in Asa LGA

Cost Analysis Value (#)
Total revenue (TR) 2,369,933.33
Total variable cost (TVC) 1,806,466.67
Total fixed cost (TFC) 83,633.33
Gross Margin (GM) = TR – TVC N ( 2,369,933.33 –
1,839,766.67)

1,756,133.34

Net Return (NR) = GM – TFC N ( 1,756133.34 –
83,633.33)

1, 672,500.01

Cost Benefit Ratio (CBR) = TR/TC
2,369,933,33/1,923,400

1.23

CONCLUSION
Catfish farming is a productive venture that can support livelihood in Nigerian when proper cultural 
methods are used. It is also imperative that the cost of feed, which account for almost 80% of the total 
production can be cut down through the removal of tariffs on imported feeds and its raw materials. 
Also, loans with low interest should be provided to fish farmers by government to boost production.
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INTRODUCTION 
Kainji lake basin is a vital economic zone, which characterized by rich aquatic biodiversity and 
significant reliance on fisheries. As the communities within the lake basin increasingly turn to fish 
production as a sustainable livelihood, understanding the dynamic of fish market become crucial. 
Market is an area/medium in which commercial dealing are conducted. (Omotunde and Adetunji, 
2008) defined Marketing involves the process of planning and executing the conception, pricing, 
promotion and distribution of ideas, goods and services to create exchanges that satisfies individual and 
organizational objectives. Fish marketing may be broadly defined as overall activities from point of 
catching of fish, to the point consumption. It is the series of efforts that are carried out inmoving fish 
and fish products from the point of initial cultured or catch to the final consumers. Making fish 
available to consumer at the right place and time require effective marketing system. Marketing 
efficiency is defined as the maximization of ratio of output to input in marketing (Ojo, 2010). The 
marketing inputs are the costs of providing marketing services while outputs are the benefits or 
satisfaction created or value added to the commodity as it passes through the marketing system. Fish 

ABSTRACT
This paper reviews the markets and marketing of fishing Kanji Lake 
basin, Nigeria, by examine the types of fish market, ascertain fish 
marketing channels and challenges of fish marketing in the area. A 
secondary data source from published journal, conference 
proceeding, books among others were used. The findings revealed 
existence of different types of fish markets to be physical and online 
which are classified into primary, secondary and tertiary markets. 
Also there exist five fish marketing channels for fish distribution 
from producers The price of fish is cheaper at the farm gate and river 
shore than in the open markets   due to inference of middle men and 
commission agents.  It was revealed that kilogram of Lates now sold 
for N3,500.00, Clarias pond fish N2,400.00, and Tilapia N1,000.00. 
Major constraints to fish marketing are high cost of transportation, 
inadequate capital, lack of proper handling and processing technique 
and lack of storage facilities, which hinder efficient preservation of 
fish and access to international markets. The recommendations 
include the use of online platform to connect directly to consumers, 
infrastructure provisions, cooperative formation and standardization 
in processing, packaging and transportation.

Keywords:
Fish, Aquaculture,
Kainji Lake,
marketing, Channels
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marketing does not usually involve the fishermen and consumers only but other actors   in the fish 
distribution channels especially the middlemen (Daryanto and Wibowo (2023). Olukosi et al. (2005) 
categorized marketing channels into centralized and decentralized channels. A centralized channel has 
agents who serve as middleman between producers and consumers while the decentralized marketing 
channel is typical to fish marketing in most developing countries including Nigeria and these methods 
were used in marketing of fish within kainji Lake environments. The women dominate the trading 
aspect while men involve in catch and culture of fish. However, the marketing of fish is family business, 
has the women introduced their children to the business, they catch and assemble fish in market where 
several buyers come from other state to buy. Also, wholesalers and commission agent may go to farm to 
buy at the farm price. The common spices of fish found in the market are:Clarias,    Lates , Synodontis, 
Tilapias, Alestes lates, Tilapia Alestes Ciprates Citharinus, Bagrus, Mormyrus and Clupeids ( Yekinni, 
O.A and Ipinloju, O.S 2014)
Study revealed that the major players in the marketing of fish are women because they lack productive 
resource to engage in the other nodes of the value chain (Ike- Obasi and Ogubunka 2019) thus 
contradicting Nwabeze, et al (2019) who opined that smoke fish marketer are dominated by males. 
Irrespective of the findings of these scholars, the fact remains that men and women are key players in 
marketing of fish in the area. Therefore, the study sought to examine types of fish market, ascertain 
fish marketing channels and identify challenges of fish marketing in the area.

METHODOLOGY: 
Secondary data were sourced from published works in institutional based journals, conference 
proceedings, among others. Journals were sourced through academic search engines such as Google 
scholar and other academic platforms like Research gate. Academic journals that fit into the topic were 
selected and scrutinized based on the reliability of the information therein.

RESULTS AND DISCUSSION 
Presented below are the findings in the subheadings; 
Types of Fish Markets in Kainji Lake Basin.
The domestic freshwater fish market in Kainji Lake basin is complex and comprises of many types of markets 
with large number of actors. The identified fish markets within the lake is classified as primary and secondary 
markets found at Kokoli, New-Bussa, Malale, Toro, Yauri, Shagunu, Wara, Yelwa, as well as Moni due to farm 
gate market available for the sales of cultured fish. Other types are distant markets in urban cities classified as 
tertiary market like Onitsha, Minna, Bida, Ilorin, Abuja, Lagos, Kano, Kaduna, and Kebbi with large numbers 
of consumers. The stakeholder in the market are fishers and fish farmers (producers) followed by wholesalers 
and retailers (fish traders or buyers) who came from nearby and far cities to buy fish whereas the third actors 
are consumers who buy fish for household use while middle men interface in the whole process as commission 
agents between producers, traders and consumers. Past studies had confirmed that women dominate fish 
marketing in the Lake basin but men were found to be major bulk fish buyers in fish market enterprise (Omeje 
et al 2022; Nwabeze et al 2019; Ike-Obasi and Ogubunka 2019). In the markets, fish are either sold fresh or 
smoked or frozen but mostly smoked for preservation and easy transportation to long distances. Meanwhile, 
about 40% of cultured fish are sold live and transported in jerry can and plastics to cities like Abuja, kebbi, 
Kaduna, and Kano. Types of fish species found in the markets are Clarias, Synodontis ,Tilapias, Alestes, Lates, 
Ciprates  Citharinus, Bagrus, Mormyrus and Clupeids (Yekini, O.A et al 2014). Price of fish is a function of the 
value, size and quality. High priced fish like: Lates, Mormyrus, and Catfish attract higher price due to value 
attached to them unlike Tilapias, Synodontis and Citharinus considered as low-quality fish with low price.  
For instance, a kilogram of Lates now sold for N3,500.00, Clarias pond fish N2,400.00, and Tilapia 
N1,000.00. However, it is important to note that cultured fish is more costly than capture fish in the lake basin 
due to high cost of inputs and selling with scale to cover cost and make profit unlike fishers that sell catch fish at 
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their own discretion.  The price of fish is cheaper at the farm gate and river shore than in the open markets 
(primary, secondary and tertiary) due to inference of middle men and commission agents. Also, smoke fish 
attracts higher price by almost two or three – fold as a result of value addition and packaging compare to fresh 
fish. Some of the markets operate weekly except farm gate and New-Bussa partially daily. Transporters play 
important role in logistic movement of the fish to different locations by bus, cars, trucks (pick-ups) and 
Lorries. The market operates uniformly with limited infrastructure and regulatory policy, hence the need to 
upgrade market infrastructure with warehouse, modern packaging, preservation methods and food safety 
measure. In recent time, the advent of online marketing with social media and mobile phone had sprout 
rapidly in Kainji lake Basin as a trend among fish producers and marketers. Some fish traders and producers 
use online platforms like Facebook, WhatsApp, TikTok to advertise and sell their fish to both local and distant 
buyers as costumers opting for contactless delivery.  Fish are marketed with video and pictures with mobile 
phones which has been on among fish traders and producers as found by Ifejika et al (2009). 
Fish Marketing Channel in Kainji Lake Communities:
A marketing channel is a collection of procedures or actions required to move the ownership of 
products from the producing location to the consumer location (Danmaigoro and Gona, 2023). 
Figure 1 depicts the fish marketing channels in Kainji Lake basin which involves five channels. The first 
major channel of fish market distribution is from the producers (fishers/fish farmers) to wholesalers, 
retailers and final consumers. The second channel of fish distribution is from producers to middlemen 
known as commission agents to wholesalers and retailers. Third is from retailers to consumers which 
are found in primary, secondary and tertiary markets. The fourth channel is from wholesaler to 
consumers with limited flow of supply. The fifth channel is producers selling directly to consumers. 
Wholesalers buy in bulk and need more capital than retailers and middlemen; hence men are found to 
be dominating in fish wholesale enterprise (Omeje et al 2022). Also, some of fresh fish wholesalers and 
retailers buy to add value before selling to consumers. 
Possible distribution channels for fish marketers
• Fish Farmer-Middleman/collectors-contractors-commission Agents-Wholesaler's retailers-
consumers
• Fish farmer-middle/collector/contractor/-Wholesaler-Retailer-consumer.
• Fish farmer-fish cooperative / fish entrepreneur committee-consumer.
• Fish farmer-middleman/ collector/contractor-retailer-consumers.
• Fish farmer-retailer-consumers

Figure 1: Flow chart of fish marketing channel (Nwabeze 2019)
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Challenges of Fish Marketing in Kainji Lake Communities:
Fish marketing in the lake basin has multiple challenges towards its modernization and standardization. 
Presently, it is operated as a local enterprise with little or no improvement in terms of fish packaging, 
smoking quality, and hygiene practices. Another challenge found among fish marketers in the 
communities was poor pricing in wholesale fish marketing due to the presence of middlemen usually 
negotiated at a rate below the expectations of the producers (Omeje et al, 2022). This will enable 
market unions set an acceptable price for the product that will be quite rewarding to producers, 
wholesale marketers, middlemen and retailers. Furthermore, high cost of transportation is another 
serious challenge which increases the marketing cost of fish and production cost as reported by Kabwe 
and Zulu(2017). However, the actors in the fish market chain pointed out that rising cost of fuel used 
for transport was the major factor behind the rise in goods. Access to capital by wholesaler which 
requires large amount of capital due to high cost of purchasing large volume of fish and transport to 
other market centers. This result is consistent with Agbebi and Adetuwo  (2018) that inadequate 
capital as well as access to credit is a major constraint faced by fish marketers. According to Hamid 
(2020), in order to finance smoked fish marketing, timely access to low interest rate credit facilities is 
required to facilitate and sustain efficient and effective marketing processes. Furthermore, lack of 
proper handling and processing technique can lead to quality degradation as well as lack of storage 
facilities hinder efficient preservation of fish and access to international markets.

CONCLUSION:
In conclusion, the study finds that  market within the Kainji lake are primary and secondary market 
where the major actor are  producers, wholesaler and retailer who buy to resell in tertiary markets in 
the cities for more profit. The marketing channel is a perfect competition with free entry and exits. 
The limitation to marketing activities involves inadequate capital, high cost of transportation, poor 
pricing and lack of proper handling

RECOMMENDATION: 
The review, recommends 
• Farmer should make use of online platform to connect directly to consumers
• Fish marketers should be encouraged to form cooperative marketing group to device a means of 
providing transportation.
• Fish marketers should have a proper storage facility within the market.
• Government should provide basic infrastructure in the market for easy accessibility
• Government should provide low interest rate credit to marketer to buy in large quantity. 
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INTRODUCTION
Fish is a nutritious animal protein and is believed to be a comparatively cheaper and available source of 
animal protein in most countries around the world Martins (2015), providing essential fatty acids and 
micronutrients. The interventions of food-based strategies which promote production and 
consumption of locally available nutritious foods have utilized fish instead of supplement distribution 
as a sustainable way of tackling micronutrient deficiencies (Gibson and Hotz, 2001; Tontisirin et al., 
2002; Global fish consumption has increased from an average of 10.1 kg per capita per year in 1965 to 
16.4 kg in 2005 reflecting the general increase in fish consumption in most of the world's regions 
except in Latin America and the Caribbean, and sub-Sahara Africa where fish consumption had 
stagnated over the last four decades (FAO, 2009ab). Fish consumption in sub-Sahara Africa is currently 
the lowest in the world. Nevertheless, fish is still nutritionally important in many African countries as 
well as in Asia and Oceania Countries where fish contributes more than 1/3 of the total animal protein 
supply, calculated from the FAO food balance sheets (FAO, 2009a). There are 30 countries who meet 
this criterion, including 22 countries which were officially referred to as low-income food deficit 
countries (LIFDC) in 2009 (FAO, 2009 b). In other words, a large majority (73%) of the countries 

ABSTRACT
The study was conducted to assess consumer's preference of fish 
species in Maiduguri metropolitan council, Borno state. The survey 
was conducted in two markets namely Gamboru and Baga road fish 
markets, using structured questionnaires. A total of 30 
questionnaires were administered in each of the markets, making a 
total of 60. The data were analyzed using frequency and percentage. 
The result revealed that majority of the respondents are male 
(70.0%) while female ware (30.0%). It was also observed that people 
between the age brackets of 32-40 (40.0%) are the highest consumer, 
while those belonged to the age of 41year and above (10.0%) are 
ranked least. However, the consumer's preference and reason for fish 
consumption. (35%) of the respondents purchased fish for protein 
content, (30%) purchase fish for taste, (25%) purchased fish for 
cheap and affordability while (10%) purchased fish for other reason 
such as easy digestibility, price, availability etc. In this study majority 
of the consumers about (50.0%) buy fresh fish for home 
consumption, it is an indication that fresh fish are mostly consumed 
at home, Apart from high quality. cheap and affordability, price, the 
respondents also indicated that protein content (35.0%), taste 
(30.0%) while texture (45%) and availability (20.0%) are the main 
reasons why they buy and consumed fresh fish in Maiduguri.

Keyword:
Clarias gariepinus,
Consumers, Preference,
Fish Species
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where fish is an important source of animal protein are poor and food deficient countries. In the 
LIFDC, in particular, the majority of protein in fact comes from plant-source foods and the amount of 
fish contributed to protein intake is very little, although fish is a major source of animal protein 
(Kawarazuka, 2010). A study in Nigeria found that male heads of households consumed 59% more fish 
by weight than the wife and children. The consumption gap calculated per unit body weight shows that 
the average fish consumption is 0.27 kg/kg body weight/year for the male head of households and 0.17 
kg/kg body weight/year for the wife and children. When a single fish was shared within the household, 
there was a tendency to distribute the body of fish to the man, the tail to his wife, and the head to the 
children on 7-8 out of 10 occasions (Gomna and Rana, 2007). Therefore, the present work aims at 
assess the consumers preference of fish species in Maiduguri metropolitan council Borno state. 

MATERIALS AND METHOD
The study was conducted in Gambaro and Baga road Fish Markets, Maiduguri Metropolitan Council 
area of Borno State.  The metropolitan area was occupied with a total Land mass of about 50,778 
square Kilometers. It has between Latitude 11o and 14o east and Longitude 10o and 40o North 
(Bureau of Land and Survey, 2012) it is located within the semi-arid zone of west Africa and Suda 
Office of statistic Annual report, 2009). 
Data collection
The data were collected using structure questionnaires, which were administered to 30 respondents 
from each Market (Gamboru kasua and Baga Fish Markets) making a total of 60 respondents. The 
respondents were purposively sampled due to Consumers preference on fresh fish species. The data 
obtained were analyzed using percentage and frequency.

RESULTS AND DISCUSSION
The socio-economic characteristics of fresh fish consumers in the study area is as presented in Table 1. 
The result revealed that majority of the respondents are male (70.0%) while female ware (30.0%). It 
was also observed that people between the age brackets of 32-40 (40.0%) are the highest consumer, 
while those belonged to the age of 41year and above (10.0%) are ranked least. This ranking does not 
mean that the older people consumed less fish than the younger once, it implies that younger people 
(26-35) prefer consuming a type of fish species to the others as posited by Ajana et al. (2018).
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Item 

 

Variable Frequency Percentages 
Sex

 
 

Age 

Educational status 

Marital Status

Occupation 

Male 

Female 

Total

42

18

60

70.0

30.0

100
20-25

26-32

32-40

41Yrs and above

Total 

15

15

24

6

60

25.0

25.0

40.0

10.0

100
Non formal edu

Quran 

Primary 

Secondary 

Tertiary 

Total

9

3

6

18

24

60

15.0

5.0

10.0

40.0

30.0

100

Single 

Married 

Widowed 

Divorced 

Total 

15

36

9

-

60

25.0

60.0

15.0

-

100
Civil Servant 

Trader 

Farming

Others

Total

24

15

9

20

60

40.0

25.0

15.0

20.0

100
Household size 

Religion

<3

4-6

7-9

>10

Total 

12

15

24

9

60

20.0

25.0

40.0

15.0

100

Christianity 

Muslim

Traditional 

Others

Total 

18

42

-

-

60

30.0

70.0

-

-

100

Table 1: Socio-economic Characteristics of Respondents

Source: Field Survey, 2023
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Most preferred fish species by Consumers in study area
The survey in table 2 revealed that, the consumer's preference and reason for fish consumption. (35%) of the 
respondents purchased fish for protein content, (30%) purchase fish for taste, (25%) purchased fish for cheap 
and affordability while (10%) purchased fish for other reason such as easy digestibility, price, availability etc. 
(50%) buy fish for home consumption (25%)while some buy fish for commercial reason, and (15) % buy for 
social event. this conforms to the observations of FAO (1996) that with awareness of fish nutritional values, 
peoples' consumption may switch to fish or fishery products if they can economically afford them.

Table 2:  Fish species most preferred by consumers in MMC

 

Item 
 

Variable Frequency Percentages 
Sex

Age 

Educational status 

Marital Status

Occupation 

Male 

Female 

Total

42

18

60

70.0

30.0

100
20-25

26

-

32

32-40

41Yrs and above

Total 

15

15

24

6

60

25.0

25.0

40.0

10.0

100
Non formal edu

Quran 

Primary 

Secondary 

Tertiary 

Total

9

3

6

18

24

60

15.0

5.0

10.0

40.0

30.0

100

Single 

Married 

Widowed 

Divorced 

Total 

15

36

9

-

60

25.0

60.0

15.0

-

100
Civil Servant 

Trader 

Farming

Others

Total

24

15

9

20

60

40.0

25.0

15.0

20.0

100
Household size 

Religion

<3

4-6

7-9

>10

Total 

12

15

24

9

60

20.0

25.0

40.0

15.0

100

Christianity 

Muslim

Traditional 

Others

Total 

18

42

-

-

60

30.0

70.0

-

-

100

Source: Field Survey, 2023
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During this study, it was observed that 45.0% of the respondents buy fish on weekly basis, indicated that fish are mostly 
consumed weekend because of the busy schedule of most consumers, this agrees with (Leek et al., 2000) who state that 
Frequent buyers of fresh fish are important to sellers because of their repeated purchased. In this study majority of the 
consumers about (50.0%) buy fresh fish for home consumption, it is an indication that fresh fish are mostly consumed at home, 
Apart from high quality. cheap and affordability, price, the respondents also indicated that protein content (35.0%), taste 
(30.0%) while texture (45%) and availability (20.0%) are the main reasons why they buy and consumed fresh fish in Maiduguri.

Table 3: Purchasing power of consumers in Maiduguri metropolitan council.

Frequency of fresh fish 
purchased 

Every day
Once A week
Once A Month
Others 

27
21
12

45.0
35.0
20.0
-

Total 60 100

Size of Fish Fresh fish 
purchased

<1kg
1-2kg
3-4kg
>5kg
Total 

6
27
15
12
60

10.0
45.0
25.0
20.0
100

Price of Fish paid 
By Consumers 

<N700
N800-N900
>N1000
Total 

12
27
21
60

20.0
45.0
35.0
100

Did You Get the Size You 
Prefer

Most often 
Often 
No
Others
Total 

21
24
9
6
60

35.0
40.0
15.0
10.0
100

Does the Price You Pay 
Varies with The 
Following 

Species 
Size 
Season 
Others 
Total 

21
30
6
3
60

35.0
50.0
10.0
5.0
100

Mode of Buying Fish Auction 
Bargaining 
Fixed Price 
Others 
Total 

3
30
18
9
60

5.0
50.0
30.0
15.0
100

CONCLUSION
Based on the findings Clarias gariepinus was found to be the most preferred freshwater fish species in 
Maiduguri metropolitan council because of its fleshy, tasty, and availability of the species in the 
markets. The study also showed that price of fish; monthly income, household size and level of 
education were major determinants of consumer's demand for fresh fish in the study area, while 
factors such as price of fresh fish, size of fish and frequency of fish purchases were secondary 
determinants.

Source: Field Survey 2023
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INTRODUCTION 
The fisheries sector plays a vital role in providing livelihoods and food security for millions globally. It 
comprises artisanal (small-scale) and industrial (large-scale) fishing activities. In Nigeria, the captured 
fisheries practice involving harvesting from natural habitats is mainly carried out by artisanal fishers 
using small-scale equipment (Oyetade et al., 2023).  The fisheries sector provides means of livelihood 
for millions of people through job opportunities, high valued protein source, source of income, and 
rural development. Globally, around 90% rely on small-scale fisheries compared to just 3% on 
agriculture (Allison, 2006). In Africa, about 5% of over 35 million people depend partially or entirely 
on fisheries (Fakayode et al., 2016).
Fishing communities often located near shorelines engage in fishing activities for sustenance and 
income (Nismawati et al., 2023). Every family member contributes, with men in physical tasks, 
women in processing/trading, and children in various roles like gear preparation and selling produce 

ABSTRACT
Fisheries sector encompasses all activities related to the management of 
fish and aquatic resources, from the production of gear to the sale of 
harvested products, which sustains the livelihoods of those engaged 
directly/indirectly in it. Fisheries can be categorized into two main 
aspects: industrial/large-scale fisheries and artisanal/small-scale 
fisheries. Artisanal fisheries primarily cater to the needs of families on a 
smaller scale. Fishing communities consist of family's dependent on 
fisheries, with fishers defined as individuals over 18 years old engaged in 
fisheries activities. While the involvement of children in fisheries is not 
officially recognized, it is evident in tasks such as fishing, gear repair, and 
product marketing. Children's roles in fisheries are often gender-
specific, with boys assigned more strenuous tasks like fishing and gear 
maintenance, while girls are typically tasked with fish processing and 
product selling. The impact of fisheries on children can vary from 
physical risks to emotional and psychological stress, which can hinder 
their education. Despite the lack of recognition, the involvement of 
children in fisheries cannot be disregarded. This study therefore 
reviewed the involvement of children in fisheries activities. While 
children's participation in fishing activities may be seen as a way of 
supporting their family's livelihoods, it can also expose them to various 
forms of harm and hinder their educational and developmental 
opportunities. In addressing this challenge, a multifaceted approach is 
needed that involves collaboration among various stakeholders, 
including governments, international organizations, NGOs, local 
communities, and the private sector. 

Keywords:
Income, Waterbody,
Household, Labor,
Awareness 
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(Nismawati et al., 2023; Jariegoa et al., 2023). Over 70% of children worldwide are involved in the 
fisheries sector (Nyonje and Kachieng, 2014). The objectives are as follows: 1. To understand the 
involvement of children in the fisheries sector. 2. To identify the gender distribution of children in the 
fisheries sector. 3. To determine the impact of fisheries on the children. 4. To discuss already existing 
efforts to address the problems associated with the involvement of children in the fisheries sector. 

Children's Involvement in Fisheries Activities
Children's involvement in the fisheries sector encompasses a wide range of activities, including fishing, 
diving, cleaning of fish, making and mending of fishing nets, smoking and drying of fish, selling fresh or 
dried fish, and other fishing-related tasks (FAO/ILO, 2013; Viviane, 2018). These activities can 
expose children to various forms of harm, both physical and emotional/psychological, during their 
work in the fisheries (Bellwood-Howard and Abubakari, 2023). The duration of a child's involvement 
in the fisheries sector is a determining factor in whether their work is considered child labor or child 
work (Viviane, 2018). Child labor refers to any hazardous activities carried out by children that can be 
detrimental to their health and obstruct their education (Viviane, 2018). On the other hand, child 
work may refer to lighter activities that do not interfere with a child's education, health, and overall 
well-being (Bellwood-Howard and Abubakari, 2023).
In rural areas, children are often viewed as a source of labor and a blessing to the household (Adeokun 
et al., 2006). Their involvement in fishing activities can be seen as a means to assist their parents in 
improving their livelihoods through the fisheries (Jariegoa et al., 2023). Children's interactions with 
the natural environment from an early age help them develop an understanding of their surroundings 
and build a sense of livelihood connected to their environment (Jariegoa et al., 2023). Children's 
involvement in the fisheries sector often begins by observing their parents' activities, such as catching 
of fish, transporting, processing, and marketing the processed fish (Ashimolowo et al., 2015). They 
may then imitate these activities by gradually getting involved in various tasks. This early exposure and 
involvement can expose children to dangerous health issues (Ashimolowo et al., 2015).
The involvement of children in the fisheries sector can be categorized into three broad areas: fishing 
activities, fish processing activities, and fish marketing activities (Ashimolowo et al., 2015). Fishing 
Activities includes: Canoe paddling, fish catching, repair and making of nets, loading and off-loading of 
fish and maintaining gears and boats. Fish processing and preservation activities include: Smoking of 
fish, sorting of fish and collecting of firewood. Fish marketing activities include: Selling fish on shore, 
transporting catch. Other on-shore activities performed by children include pulling up boats to the 
shore, emptying fishing boats, sorting the catch, cleaning gear, boats, and catch, as well as boat and net 
repair (FAO/ILO, 2013). Children may also be involved in collecting fish or shellfish near the shoreline 
on foot, diving, or using hook and line (FAO/ILO, 2013).

Gender Distribution of Children's Involvement in Fisheries
There is a distinct gender distribution in the involvement of children in fisheries activities (Sule and Raji, 2001; 
Bellwood-Howard and Abubakari, 2023). Boys are typically involved in activities related to the maintenance of 
equipment and gears, such as boats, traps, and nets (Bellwood-Howard and Abubakari, 2023). They are often 
tasked with paddling canoes, retrieving fishing nets, and diving into the water to free entangled nets, which can be 
highly dangerous (Bellwood-Howard and Abubakari, 2023; FAO/ILO, 2013). On the other hand, girls are more 
commonly involved in post-harvest fisheries activities, such as sorting fish, transporting, packing, smoking, 
roasting, and selling (FAO/ILO, 2013). The division of labor is often based on the perception that boys are 
physically stronger and can handle more strenuous tasks, while girls are considered weaker and better suited for 
less strenuous tasks like processing and marketing (Sule and Raji, 2001). The hawking of smoked fish pieces in 
markets is often observed to be carried out by children, particularly girls (Sule and Raji, 2001).
Impacts of Children's Involvement in Fisheries
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The involvement of children in the fisheries sector can have significant impacts on their well-being, 
health, and education. Bellwood-Howard and Abubakari (2023) suggest that the harm children face in 
the fisheries can be reversible or irreversible, ranging from minor physical injuries to psychological and 
emotional stress, as well as the possibility of drowning or death in adverse situations.

• Physical Harm and Health Risks:
Children's lack of experience in fishing activities can expose them to injuries caused by fish or other 
aquatic animals in the waterbody (Ashimolowo et al., 2015). They may also face risks of drowning, 
cuts, and other physical harm while working on boats, handling fishing gear, or diving to untangle nets 
(Bellwood-Howard and Abubakari, 2023). Prolonged exposure to water and sun can also lead to skin 
problems and other health issues (FAO/ILO, 2013).

• Emotional and Psychological Stress:
In some cases, children may be forced by adults to engage in strenuous and dangerous fishing activities 
against their will (Bellwood-Howard and Abubakari, 2023). Failure to comply or resistance can result 
in punishments such as scolding, food deprivation, or severe beatings (Ashimolowo et al., 2015). This 
can create emotional and psychological stress for the children involved.

• Impact on Education:
The involvement of children in the fisheries sector can negatively impact their education (Nyonje and 
Kachieng, 2014; Bellwood-Howard & Abubakari, 2023). Children may be absent from school 
activities during early hours of the day due to their engagement in fishing or related tasks (Bellwood-
Howard and Abubakari, 2023). This can lead to gaps in their learning and hinder their overall 
educational development. Bellwood-Howard and Abubakari (2023) emphasize that any work that 
interferes with a child's education, physical health, mental, spiritual, or social well-being is considered 
child labor, as opposed to lighter child work that does not pose such risks. In some cases, parents may 
send only one or two of their children to school while involving the others, especially boys, in fishing 
activities to supplement the family's income and support the education of the other children 
(Fakayode et al., 2016). This practice further perpetuates the cycle of limited educational 
opportunities for some children within the same family. Despite the involvement of children in the 
fisheries sector to support their families' livelihoods, they are often also responsible for carrying out 
various household chores and other duties within their communities, such as cooking, farm work, and 
running errands (FAO/ILO, 2013). This additional workload can further exacerbate the challenges 
faced by children in balancing their educational and domestic responsibilities.

Efforts to Address Children's Involvement in Fisheries
Recognizing the potential negative impacts of children's involvement in the fisheries sector, various 
efforts have been made to address this issue at local, national, and international levels.

• Policy and Regulatory Frameworks:
Governments and international organizations have established policies and regulatory frameworks 
aimed at protecting children's rights and preventing exploitative child labor practices. For example, the 
International Labour Organization (ILO) has set standards and conventions to eliminate the worst 
forms of child labor, including hazardous work in the fisheries sector.
National laws and regulations have also been put in place in many countries to address child labor 
issues, including restrictions on the involvement of children in specific types of work and minimum age 
requirements for employment (FAO/ILO, 2013). However, the effectiveness of these policies and 
regulations can vary depending on the level of enforcement and implementation at the local level.
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• Education and Awareness Campaigns:
Efforts have been made to raise awareness about the importance of children's education and the 
potential risks associated with their involvement in hazardous work, including in the fisheries sector. 
These campaigns often target parents, communities, and local authorities, emphasizing the long-term 
benefits of investing in children's education and development (FAO/ILO, 2013).

• Community-based Interventions:
Some initiatives have focused on community-based interventions to address the root causes of child 
labor in fishing communities. These may include providing alternative livelihood opportunities for 
families, improving access to education and social services, and promoting sustainable fishing practices 
that do not rely on child labor (FAO/ILO, 2013).

• Collaboration and Partnerships:
Addressing the issue of children's involvement in the fisheries sector requires collaboration and 
partnerships among various stakeholders, including governments, non-governmental organizations 
(NGOs), international organizations, local communities, and the private sector. These partnerships 
can enable the sharing of resources, knowledge, and best practices, as well as the development of 
comprehensive and sustainable solutions (FAO/ILO, 2013). In spite of these efforts, the involvement 
of children in the fisheries sector remains a persistent challenge in many parts of the world, particularly 
in rural and coastal communities where poverty and limited access to education and alternative 
livelihoods are prevalent (FAO/ILO, 2013). Continued efforts and a holistic approach that addresses 
the underlying socioeconomic factors are necessary to protect the rights and well-being of children 
while supporting sustainable livelihoods in fishing communities.

CONCLUSION 
The involvement of children in the fisheries sector is a complex issue with far-reaching implications for 
their health, education, and overall well-being. While children's participation in fishing activities may 
be seen as a way to support their families' livelihoods, it can also expose them to various forms of harm 
and hinder their educational and developmental opportunities. To address this challenge, a multi-
faceted approach is needed that involves collaboration among various stakeholders, including 
governments, international organizations, NGOs, local communities, and the private sector. 

RECOMMENDATIONS
• Governments should review and strengthen existing policies and regulations related to child labor, 
with a specific focus on hazardous work in the fisheries sector. These policies should aim to protect 
children's rights, ensure their access to education, and provide alternative livelihood opportunities for 
families.
• Efforts should be made to improve monitoring and compliance mechanisms, with appropriate 
penalties for violations involving child labor in the fisheries sector. 
• Campaigns should be conducted to raise awareness about the importance of children's education 
and the potential risks associated with their involvement in hazardous work. These campaigns should 
involve community leaders, parents, and local authorities to promote a shift in attitudes and practices. 
• To address the root causes of child labor in fishing communities, initiatives should focus on 
providing alternative livelihood opportunities for families. This could include skills training, 
microfinance programs, and support for sustainable and responsible fishing practices that do not rely 
on child labor.
• Enhancing access to basic social services, such as healthcare, education, and child protection 
services, can help address the vulnerabilities that contribute to child labor in fishing communities. 
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• Local communities should be engaged and empowered to identify and address the challenges they 
face. Community-based interventions that involve all stakeholders can lead to more sustainable and 
culturally appropriate solutions.
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INTRODUCTION
Aquaculture, the systematic cultivation of aquatic organisms (Omeje et al., 2021), stands as a 
transformative force in the economic and nutritional tapestry of Ibeno Metropolis, nestled within the 
State of Akwa Ibom, Nigeria. This locale, endowed with abundant aquatic resources, has experienced a 
pronounced upswing in aquaculture endeavors, emerging as a cornerstone for both local sustenance 
and broader regional food security initiatives.
The roles shouldered by men, women and youths within the aquaculture value chain are nuanced and 
multifaceted, mirroring the complexity of the industry itself. Traditionally, fishing might be perceived as a 
male-dominated domain (Essien et al., 2018), yet the reality in Ibeno Metropolis extends far beyond this 
stereotype. Concerns about the weaker claims of women to resources and benefits as well as the extent to 
which women are involved in management decisions in both domestic and other spheres are as significant 
in reports on the aquaculture and capture fisheries sector as in other natural resource sectors. However, 
these claims vary considerably by location and production system (Essien et al., 2018). 
Nevertheless, women invariably play key roles in processing and possibly marketing and it is widely 

ABSTRACT
The study examined gender in aquaculture fish production and 
marketing in Ibeno Metropolis of Akwa Ibom State, Nigeria. 
Specifically, the study described the socio-economic characteristics 
of the respondents, identified gender roles and the perceptions of 
producers and marketers on the value chain. A survey design was 
adopted to collect primary data from 105 respondents using a 
multistage sampling procedure. Data were presented using 
percentages and mean.  Results showed that more females (79.2 %) 
than males were aged between 36-45 years. Majority (64.2%) of the 
females had 5-10 years of experience while 42.8% of the males had 
11-15 years of experience. Most of the roles in aquaculture were 
mostly performed by the male youths while the women predominate 
in roles associated with Catfish marketing. The major perceptions of 
producers and marketers on the value chain were that the skills 
involved are exclusively designed to the interest of men/youths 
(x=3.23), institutions favour men/youths in interventions (x=2.98), 
and aquaculture is capital intensive which women don't have access 
to (x=2.87), Therefore, it is recommended that training programs 
have to be strengthened to improve technical skills and knowledge 
among fish farmers and marketers, with a focus on gender-responsive 
approaches and inclusive training modules.

Keywords:
Gender, Aquaculture,
Marketing, Catfish
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agreed that their earnings make a significant contribution to household livelihoods (FAO, 2023). At the 
same time, women often remain invisible in the sector and frequently lose out in information and skill 
training, especially in new techniques and products in aquaculture. Women are also excluded from new 
institutions set up to address problems of resource-based deterioration because they are not viewed as 
being directly concerned; their interests are assumed to be represented by men; or they are just too 
busy at the time when meetings are held. Overall, this situation has led to women being more 
constrained than men in their ability to protect their interests in the sector and influence its 
development, all of which has significant implications for household survival as women find 
themselves unable to fulfill their responsibilities (FAO, 2023).
Despite the growing importance of aquaculture in Ibeno Metropolis, there exists a gap in our understanding of 
how gender roles influences and as well perceived within the aquaculture production and marketing.
The aim of this study is to examine gender in aquaculture fish production and marketing in Ibeno 
metropolis of Akwa Ibom State, Nigeria. Specifically, the study; described the socioeconomic 
characteristics of the respondents, identified gender roles in aquaculture activities and marketing and 
identified the perception of the respondents on the value chain.

MATERIALS AND METHODS
Study area
The study was conducted in Ibeno Local Government Area of Akwa Ibom State, Nigeria. The Local 
Government Area comprises of Sixty villages/fishing ports. Multi-stage sampling procedure was used 
in selecting the respondents for this study.  The first stage involved a purposive selection of three 
communities; Mkpanak, Upenekang and Iwuoachang communities out of the six communities in 
Ibeno Local Government Area. The purposive selection was due to the preponderance of fish farming 
activities in those communities. Stage two involved the random selection of 40 respondents from each 
of the three previously selected communities to make up 120 respondents for the study. The sampling 
frame for the study was obtained from Akwa Ibom State Agricultural Development (AKADEP). Data 
for this study were collected from primary sources using questionnaire. From the 120 questionnaires 
administered, only 105 questionnaires were successfully retrieved and used for analysis. Frequency, 
percentage and mean were used for data presentation. 

RESULTS AND DISCUSSION
Socioeconomic characteristics of the respondents
The socioeconomic characteristics of the respondents is presented in Table 1. The majority (79.2%) of 
the females and 48% of the males were aged between 36-45 years. This age distribution indicates that 
younger individuals are actively involved in aquaculture fish production and marketing in the study 
area. Education-wise, most females (81.1%) had attained post-secondary education, while males had a 
more varied educational background, with 40.4% having post-secondary education and 25% having 
secondary education. The educational attainment of females exceeding that of males underscores the 
potential for gender empowerment through education within the aquaculture value chain sector, as 
observed in studies by Adam and Njogu (2023). Also, the farming experience varied, with females 
having a higher percentage (64.2%) in the 5-10-year range, while males were more evenly distributed 
across different experience levels. This suggests that a significant portion of the respondents in the 
study area might be relatively new to the sector. Farmers with more years of experience are better in 
management of farm enterprise (Enimu and Edet, 2019) as well adopting innovations for the 
improvement of productivity.
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Source: Field Survey, 2024

Gender roles in aquaculture fish production and marketing
The result on gender roles in aquaculture fish production and marketing in presented in Table 2. The men 
primarily engage in activities such as cleaning of ponds (39%), pumping of water and draining (34.3%), and 
fingerlings stocking (33.3%). On the other hand, women are predominantly involved in marketing 
(69.5%), fish sampling (59%), fish medication (54.3%) and fish feeding (53.3%). Meanwhile, youths are 
more engaged in activities like weighing (62.9%), washing fish ponds (53.3%), and cleaning ponds 
(45.7%). The gender roles identified in aquaculture activities reflect broader socio-cultural dynamics and 
economic opportunities. The predominance of men, women and youths in various tasks underscores 
traditional gender divisions in labor within the aquaculture sector. Such gendered divisions may have 
implications for resource allocation, access to extension services, and decision-making processes, affecting 
overall productivity and sustainability in aquaculture (Adam and Njogu, 2023).

Table 2. Gender roles in aquaculture fish production and marketing

Table 1. Socioeconomic characteristics of respondents
Female(n=53) Male(n=52)

Variables Frequency Percentage Frequency Percentage Pooled Mean 
Age 47 years
25-35 2 3.8 1 1.9
36-45 42 79.2 25 48.0
46-55 7 13.2 8 15.4
= 56 2 3.8 18 34.6
Education qualification
Primary Education 8 15.1 18 34.6
Secondary Education 2 3.8 13 25.0
Post-Secondary Education 43 81.1 21 40.4
Pond size 5 Ponds
1-3 18 34.0 7 13.5
4-6 25 47.2 30 57.7
= 7 10 18.9 15 28.8
Farming experience 8 years
5-10 34 64.2 18 34.6
11-15 16 30.2 22 42.3
16-20 3 5.6 12 23.1

Activity
Gender

Men Women Youths (male) 
Pumping of water and draining 34.3 27.6 38.1
Fingerlings stocking 33.3 29.5 37.1
Liming 26.7 34.3 39.0
Feeding of fish 21.9 53.3 24.8
Cleaning of pond 39.0 15.2 45.7
Fish medication 31.5 54.3 14.3
Washing of  fish pond 24.8 21.9 53.3
Marketing 17.1 69.5 13.3
Fish Sampling 25.7 59.0 15.2
Harvesting/dragging 37.1 27.6 35.2
Weighing 23.8 13.3 62.9
Environmental cleaning 12.4 44.8 42.9

Source: Field Survey, 2024
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Perceptions of Catfish producers and marketers on the value chain
The perceptions of catfish producers and marketers on the value chain is presented in Table 3. The 
actors in the value chain under consideration perceived that the skills involved in fish production are 
exclusively designed to the interest of men (x=3.23), most institutions favour men than women in 
their interventions in aquaculture (x=2.98), fish production is capital intensive which women don't 
have access to (x=2.87) etc. . These perceptions ranked 1st, 2nd and 3rd, respectively. Historically, 
control over resources in aquaculture, such as land and capital, has been vested in men. In more 
traditional settings, women's access to resources has been limited (Njuki et al., 2022). This control has 
direct implications for the perceptions of the actors in respect to the value chain. Hence, prompting 
the active involvement of women in other segments of the value chain such as marketing.

Table 3. Perceptions of Catfish producers and marketers on the value chain

Items Mean Rank
The skills involved in fish production are exclusively designed to the interest of men 3.23 1st

Most of the value chain activities requires one with masculine disposition 2.86 4th

The technologies used are not gender sensitive hence women are demotivated in its use 2.73 6th

Fish production is capital intensive which women don’t have access to 2.87 3rd

women don’t have access to land required for participation in fish production 2.82 5th

Decisions on resource allocation are done by men/youths who don’t consider the needs of men/women 2.71 7th

Most institutions/Organizations favour men/youths in their interventions in this value chain 2.98 2nd

Mean 2.88

Source: Field Survey, 2024

CONCLUSION AND RECOMMENDATION
The study established that most of the roles in aquaculture Catfish production were mostly performed 
by male youths while women dominate in roles associated with marketing. Also, major factor which 
demotivates women participation in aquaculture catfish production is that the skills involved in fish 
production are exclusively designed to the interest of men. Therefore, it is recommended that 
extension services and training programs have to be strengthened to improve technical skills and 
knowledge among fish farmers and marketers, with a focus on gender-responsive approaches and 
inclusive training modules.
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INTRODUCTION
The Nigeria fisheries sector comprises of captured, industrial and aquaculture. According to Garlock 
et al. (2020) the fisheries sector is a means of growing the economy by creating employment, 
enhancing food security and poverty reduction. The sector is of great relevance to coastal communities 
as it serves as source of livelihood and food.  The sector contributes bulk of the domestic fish produced 
in the country, although faced decline in production thereby increasing the gap between fish 
production and supply in the country. In achieving sustainable fish production, gender participation of 
fishing household members is important. According to Olusola et al., (2017) gender can be described 
as the roles and responsibility of males and females in the society as a social classification of sex. It is a 
socioeconomic variable tool used by researcher to analyse the roles and responsibility of both men and 
women. Fishing in Nigeria is traditionally regarded as masculine while the female gender is considered 
complementary. Therefore, this study identifies the roles of men and women in fish production in 
southwest, Nigeria.   

ABSTRACT
The study assessed the roles of coastal fishing households' members 
in fish production in Southwest, Nigeria. Total number of 366 coastal 
artisanal fishers were selected using multistage sampling techniques. 
Data on socio-economic characteristics and various fisheries 
activities were collected with the aid of structured questionnaire. 
The socio-economic analysis revealed that 92.6% were male and 7.4 
% were female, with a mean age of 37.36±9.88 and46.12% had 
secondary education. Number of income earning members revealed 
that 39.9% had three or more household earning members. Results 
on various fisheries activities indicated that majority 95. 6 and 35.2% 
of men and boys are involved in fishing while 70.5 and 26.2% of 
women and girls are involved in fish processing. Furthermore, both 
men and women are involved in fish sales and marketing with 66.6 
and 48.1% respectively. Construction and repair of fishing gears with 
fabrication of crafts results shows that 43.4, 66.9 and 34.2%. 
relationship between selected socioeconomics and fisheries activities 
revealed no significant relationship (R2=0.11, p= 0.001) between 
number of income earning members, household size and other 
fisheries activities but a significant relationship exists between age, 
income from fishing and gender. The study concluded that both male 
and female are important in fish production.

Keywords:
Gender, food security,
livelihood, coastal
communities and
coastal artisanal fishers.
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RESEARCH METHODOLOGY
The study was carried out in Southwestern geo-political zone of Nigeria. The Southwestern zone lies 
between longitude 20 48' – 60 0' E and latitudes 505' – 90 12'N, with an area of 114,271 square 
kilometers representing 12% of the country's total land mass. The 2006 Census put the population of 
the zone at 21,974,678 (National Population Commission, NPC, 2006). 

Figure 1: Map of the study area                                                                 
Source: Geography Department, University of Ibadan, Nigeria

Data collection and Sampling techniques
This study used a validated structured questionnaire to gather data on socio-economic characteristics 
of artisanal fishers and gender involvement in fisheries activities. The targeted populations were coastal 
fishers in Southwest, Nigeria. A multistage sampling techniques was used to ensure representation 
across various fishing operations scales, with a sample size of 366 artisanal fishers.
Analytical technique
The data was analysed using descriptive and inferential statistics (multiple regression) 

RESULTS AND DISCUSSION
Socioeconomics characteristics of respondents 
Table 1 summarizes the socioeconomic characteristics of coastal artisanal fishers in the study. Results 
indicated that 92.6% are males with mean age of 37.37±9.88. Most (46.2%) of the fishers had 
secondary education and are identified as Christian (70.8%). Households are relatively large, with an 
average of 9.0±4.57 members. Three or more income household earning members had the highest 
39.9%, with an average income of 160224.04±109088.45 from fishing. 

Table 1. Respondents' socio-economic characteristics

Variables Mean Std.Dev Majority
Age 37.36 9.88 31-40 (39.1%)
Gender - - Male (92.6%)
Marital status - - Married (78.7%)
Highest level of 
Education - - Secondary (46.2%)
Religion - - Christianity (70.8%)
Household size 9.0 4.57 6-10 (45.9%)
Number of income 
earning members 2.70 1.79 =3 (39.9%)

Estimated monthly 
income 160224.04 109088.45 =100000 (46.7%)
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Gender roles of fishing household in various fisheries activities
Table 2 presents the roles of both male and female in fisheries activities in the study area. Results 
revealed that majority (95.6 and 35.2%) of the male (men and boys) gender are involved in fishing 
activities while the majority of the female gender (women and girls) are involved in fish processing with 
70.5 and 26.2% respectively. Further, data on fish sales and marketing indicated that both male and 
female are involved in sales either live or processed fish with 66.6 and 48.1%, respectively. Results on 
construction of fishing gears, fabrication of fishing crafts and repair shows that majority of the male 
gender are involved with only few females.

Table 2. Gender roles in fisheries activities of coastal artisanal fishers in Southwest, Nigeria (n = 366)

Fisheries activities Gender Frequency (%)

Fishing Men 95.6

Boys 35.2

Women 4.4

Girls 1.4

Fish processing Men 11.2

Boys 8.1

Women 70.5

Girls 26.2

Fish sales and marketing Men 66.6

Boys 1.6

Women 48.1
Girls 12.6

Construction of fishing gears Men 43.4
Boys 1.9
Women 7.4
Girls 3.5

Fabrication of crafts Men 34.2
Boys 24.9
Women 1.0
Girls 1.0

Repair of fishing gears and 
crafts Men 66.9

Boys 21.9
Women 1.6
Girls 1.0

Relationship between selected socioeconomics characteristics and fisheries activities 
Results on relationship between selected socioeconomics and fisheries activities is presented in table 3. 
The results revealed that there is no significant relationship (R2=0.11, p= 0.001) between number of 
incomes earning members, household size and other fisheries activities but there exist significant 
relationship between age, income from fishing and gender.
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Findings from the study on respondents mean age indicated that they are within the economical and 
productive age which is inversely related to fisheries activities, this implies that as the age of the 
respondents is increasing there is tendency for decrease in their involvement in fisheries activities as 
they grow older thereby affecting fish production. This finding is similar to the work of Olusola et al. 
(2017) and Oyetade et al. (2023) who in their various research discovered that majority of the fishers 
are still within the active age category. Furthermore, results on educational status indicated that 
majority of the respondents had secondary education, this implies a high level of literacy among the 
fishing households, which could influence decision making positively (Mukaila et al., 2021). Gender 
results on fishing activities revealed that high percentage of male gender are involved in fishing, which 
may be attributed to the risky nature of fishing, traditional belief and uncertain weather conditions. 
The results is in line with the work of Omitoyin and Tosan (2012) who reported high dominance of 
male fishers in fishing and that the female role is mostly complementary. Majority of the fishers are 
married indicating high level of responsibility which will help to boost family labour and reduce 
dependency on hired labour. Gender participation results on fish processing affirmed the work of 
oyetade et al. (2023) who reported high number of women involvements in fish processing but in 
contrary with Ologbon et al. (2014) who stated that fishing and resources collection is the 
responsibility of both male and female. The low level of women involvement in other fisheries 
activities may be influenced by family responsibility and submission to their husband's decision. 

CONCLUSION AND RECOMMENDATIONS
The contribution and role of both male and female gender in Nigeria fisheries sector is essential for 
fisheries development and growth. The study revealed that the male gender is majorly involved in most 
fisheries activities while the female gender is mostly involved in fish processing and sales. The study 
however, recommends equal resources distribution between male and female in fisheries sector since 
both genders are key actors in in the industry. Also, there is need for eradication of traditional beliefs 
that limits the strength and capacity of women in fisheries.   
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INTRODUCTION
In aquaculture, tilapia species have become the mainstay of many small-scale aquaculture projects 
through the expansion of semi-intensive pond aquaculture and the development of techniques for 
hatchery production of seed. The culture of tilapia in freshwater ponds and cages has been a commercial 
success in Nigeria. Among tilapia species, Nile tilapia Oreochromis niloticus is the most popular culture 
species because of its rapid growth, large size and high yield potential. Like other tilapias, this species is 
resistant to parasites, diseases, and overcrowding and can survive under low oxygen levels (Loan et al., 
2021). They also grow in both natural and artificial fish foods and utilise manure well. Out of the 82.1 
million metric tons of aquaculture food-fish production in 2018, 5.5 million metric tons came from tilapia, 
81 per cent of which was Nile tilapia (FAO, 2018). It is considered an excellent table food fish with firm 
white flesh and no intramuscular bones; thus, the demand for this fish is very high due to its great flavour 
and high nutritional value. This tropical freshwater fish is an omnivore and prefers to inhabit lakes, ponds, 
and rivers. Nile tilapia can live longer than 10 years and reach a weight exceeding 5 kg. Currently, the 
Nigeria fish industry is poised for rapid expansion in tilapia aquaculture with a breakthrough of an 
improved strain, "Sex reversed O. niloticus" or "All male tilapia" (Fontainhas-Fernandes et al., 2002). The 
major snag remains the appropriate techniques, especially the suitable photoperiods for best growth and 

ABSTRACT
A six-week feeding trial was carried out to determine the growth 
performance and survival of Oreochromis niloticus fingerlings raised 
under different photoperiods. Triplicate groups of 40 fingerlings 
(2.23±0.43 g) were assigned into nine plastic tank aquaria (2.9 m3) 
representing different photoperiods as 24-hour photoperiod, 12-
hour photoperiod and 6-hour photoperiod. Feeding was done at 3% 
body weight per day, and fish were weighed every week. Growth 
performance parameters such as mean weight gain (MWG), specific 
growth rate (SGR), feed conversion ratio (FCR) and survival rate 
were determined. Water quality parameters were also monitored 
every three days following the standard procedures. Data were 
analysed using descriptive statistics and ANOVA at á 0.05. In all 
parameters measured, fish raised under a 6-hour photoperiod had 
superior growth (1.17±0.19 g) and best feed conversion ratio 
(0.51±4.46), while 24-hour  photoperiod statistically favoured the 
survival rate (95.00±0.00). Therefore, it can be concluded that O. 
niloticus can be raised under a 6-hour photoperiod for good growth 
and survival rate. The study, however, suggests similar research in an 
extended duration to determine if the results obtained in this study 
could be different.

Keywords:
Light regime,
aquaria, growth,
Nile tilapia, 
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survival in intensive O. niloticus culture.
The photoperiod corresponds to one of several environmental stimuli and is related to the duration of 
light time over a day (Bizarro et al., 2019). Light is a key environmental factor that synchronises all life 
stages of fish, from embryo development to sexual maturation. According to Wang et al. (2020), light is 
an essential natural factor of fish growth and development, and its regime in indoor aquaculture is 
critical for sustainable fish production. Consequently, Hernández (2020) reported that the 
photoperiod and intensity of light can condition feed intake, energy use, and even the social behaviour 
of farmed fish. The author found that lighting on fish production influences the growth and survival of 
the farmed species. As well, several aquaculture scientists have reported a relationship between 
photoperiod and growth rate in different species of fish with a conclusion that the application of 
optimum photoperiod can raise the yield of fish in aquaculture (Mustapha et al., 2012; Elsbaay, 2013; 
Awasthi et al., 2017; Wang et al., 2020). However, in Nigeria, previous studies have been performed on 
Clarias gariepinus, but very scanty information exists on Oreochromis niloticus, especially in arid zones 
in Nigeria. Hence, the current investigation was designed to explore the photoperiodic regulation of 
growth performance and survival in Oreochromis niloticus to explain better how the environment 
regulates this critical physiological process. The direct benefit of such knowledge would be the 
subsequent adoption of refined management practices based on artificial photoperiod manipulation, 
allowing mass production of Oreochromis niloticus fingerlings for pond stocking.

MATERIALS AND METHODS
The research was conducted at the indoor fish hatchery complex of the Federal College of Freshwater 
Fisheries Technology, Baga (Latitudes 11051'43'' N and Longitudes 13013'36'' E), for six weeks from 2nd 
July to 13th August 2022. Three hundred and sixty (360) fingerlings of Nile tilapia (Oreochromis 
niloticus L.) with a mean weight of 2.23±0.43 g were used. The experiment was conducted in 9 plastic 
tanks (2.9 m3) with volume of 30L. Three photoperiods were chosen and designated as Treatments: LPP 
(24-hour photoperiod), NDL (12-hour photoperiod), and LDP (6-hour photoperiod). The experimental 
design is 3 × 3 Completely Randomised Design, and the experimental fish and treatments were randomly 
assigned in triplicate. The tanks were stocked with 40 fish per tank at the same density. 
The experimental units were supplied with dechlorinated borehole water and changed twice weekly to 
maintain water quality and prevent ammonia build-up. Five water quality parameters (Dissolved 
oxygen, nitrite, nitrate, temperature, and pH) in each tank were measured twice weekly. Temperature 
was measured using a mercury-in-glass thermometer, while pH and dissolved oxygen were measured 
with a probe (BICASA model B.E.104). Nitrite and nitrate were determined in the laboratory 
following the APHA (1995) procedure. Body weight and assessments were performed with ten 
randomly selected fish in each tank at the beginning and every week using a digital weighing scale 
(Scout Pro SPU202 Model) and 30 cm wooden meter rule, respectively. The mortality rate of each of 
the tanks was recorded daily, and dead fish were removed. The fish were fed with commercial dry 
pellet food of 1.2 – 1.5mm containing 35% crude protein. Following the procedure by Wang et al., 
(2020) fish were fed based on an established ratio of 3% body weight. Feed was administered twice 
daily (0800 and 1700 hours), and feeding was generally completed in 5 – 10 minutes. 
The growth performance of the fish in the three experimental groups was compared in terms of 
absolute weight gain (WG), specific growth rate (SGR), daily growth rate (DGR), feed conversion 
ratio (FCR), and survival rate (SR) using the following formulas (Akinwole and Faturoti, 2006):
Absolute weight gain (WG, g): WG=Wt2-Wt1
Specific growth rate (SGR, %/day): SGR =

Daily weight gain (DWG, g/day): DGR=

inWt2-inWt1

P
x 100

Wt2-Wt1

P
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Where,
Wt1 = initial weight
Wt2 = final weight
P = duration of the experiment (days).

Food conversion ratio (FCR): FCR=

Where Total weight gain =  mean individual weight gain x number of survival fish

Condition factor (K)= SR

Survival rate (SR, %): SR=

The results are presented as mean±SD and analysed through one-way variance analysis (ANOVA). 
Fisher's LSD post-hoc test was used to compare variations in the mean values at a significant level of 
p<0.05. The statistical analysis was performed using the SPSS statistical package program (SPSS, 
version 20) and Microsoft Office Excel software (Windows 10).

RESULTS
The growth performance of Oreochromis niloticus fingerlings reared under different photoperiods is 
presented in Table 1. The initial body weight of the fish in the 24-hour photoperiod (LPP) and 12-hour 
photoperiod (NDP) tanks is higher than the initial body weight of the fish placed in the 6-hour 
photoperiod (LDP) tanks. Still, no significant difference (p>0.05) exists. The mean body weight gain 
of the fish reared in the LDP tank is higher compared to the weight of the fish in the LPP and NDP 
tanks, with an established statistically significant difference (p<0.05). The final mean body weight 
was marginally higher (p>0.05) in the 24-hour photoperiod than in the 6-hour photoperiod, while the 
12-hour photoperiod had the least. The daily weight growth in NDP tanks was significantly lower than 
those under LPP and LDP tanks. A similar trend was followed in the specific growth rate of the 
experimental fishes. However, the FCR was best in the 6-hour photoperiod, followed by the 24-hour 
and 12-hour photoperiod, respectively. The Condition Factor (K) during the experiment ranged from 
0.62±0.54 to 1.04±0.63. The minimum K was reported in the 6-hour photoperiod, while the 
maximum K was in the 24-hour photoperiod. Meanwhile, there was no significant difference in 
condition factor between experimental groups.

Table 1. Growth performance parameters of Oreochromis niloticus fingerlings raised under different 
photoperiod

total feed intake

total weight gain

100(body weight)

(total lenght) 3

final number of fish

initial number of fish
x 100

Variable
Treatments

LPP NDL LDP
Initial mean Body Weight (g) 2.35±0.52a 2.35±0.49a 2.32±0.30a

Final mean Body weight (g) 3.21±0.25a 3.09±0.39a 3.15±0.41a

Mean Body Weight gain (g) 0.85±0.27b 0.74±0.28b 1.17±0.19a

Daily weight gain (g) 0.66±0.27a 0.26±0.89b 0.64±0.45a

Specific growth rate (% d-1) 0.28±0.19a 0.09±0.28b 0.36±0.22a

Feed conversion ratio 0.83±0.37b 1.12±8.37b 0.51±4.46a

Condition factor (K) 1.04±0.63a 0.62±0.54a 0.85±0.49a

LPP 24-hour photoperiod; NDP 12-hour photoperiod; LDP 6-hour photoperiod; Means across the 
same row differently superscripted differ significantly (P < 0.05). Values are means ± SD.

727



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

The survivability parameters of Oreochromis niloticus fingerlings under this experiment are presented in 
Table 2. Each treatment tank was stocked with 40 fingerlings each, but there were significant variations in 
the final number of fish at the end of the experiment. The LPP tank (38.00±0.00) had the highest number 
of fish, followed by the LDP tank (32.67±4.62), while the NDL tank had the least (28.00±5.29). 
Similarly, significantly (p<0.05), the highest survival rate (95.00±0.00 %) was observed in 24-hour 
photoperiod as compared to 81.66±11.54 % in 6-hour photoperiod and 70.00±13.23 % in 12-hour 
photoperiod. Results for water quality analyses of experimental treatments, as shown in Table 3, indicate 
no significant variations. The 24-hour photoperiod tanks had higher dissolved oxygen (4.51±0.47 mg l-1) 
and nitrate levels (4.12±0.01 mg l-1), while the same nitrite value (0.02±0.01 mg l-1) was recorded in all 
the experimental groups. The highest pH (7.33±0.41) and temperature (27.60±0.53 oC) were observed 
in 12-hour and 6-hour photoperiods, respectively.

DISCUSSION
In the present study, the mean weight gain of Oreochromis niloticus fingerlings is affected by 
photoperiod treatments, with the fish under a 6-hour photoperiod having significantly the highest 
weight gain (1.17±0.19 g). This result contradicts the earlier findings of Elsbaay (2013), who reported 
significantly higher weight gain in Nile tilapia raised under long photoperiod in tanks. The difference 
could be attributed to variations in climate because the latter study was conducted in Egypt. The 
present result also disagrees with the findings of Mustapha et al. (2014), who studied the effect of 
photoperiod on the mortality and welfare of cultured O. niloticus. These authors reported the highest 
growth rate in O. niloticus fingerlings under a long photoperiod. The slight variations in the specific 
growth rate (SGR) of O. niloticus in the present study is consistent with the findings of Awasthi et al. 
(2017), who recorded statistically the same SGR for Trichogaster lalius under three photoperiods. 
However, Elsbaay (2013) and Ali and El-Feky (2013) reported notably high SGR in 24-hour light 
exposure Oreochromis niloticus fingerlings compared to other photoperiodic treatments.

Table 2. Survivability parameters of Oreochromis niloticus fingerlings raised under different photoperiod

Variable
Treatments

LPP NDL LDP
Initial number of fish 40.00±0.00a 40.00±0.00a 40.00±0.00a

Final number of fish 38.00±0.00a 28.00±5.29b 32.67±4.62ab

Mortality 2.00±0.00b 12.00±5.29a 7.33±4.62ab

Survival rate (%) 95.00±0.00a 70.00±13.23b 81.66±11.54ab

LPP 24-hour photoperiod; NDP 12-hour photoperiod; LDP 6-hour photoperiod; Means across the 
same row differently superscripted differ significantly (P < 0.05). Values are means ± SD.

Table 3. Physico-chemical parameters of the culture media for Oreochromis niloticus fingerlings 
reared under different photoperiod

 
Parameters

Treatments
LPP NDL LDP

Dissolved Oxygen (mg l-1) 4.51±0.47a 4.39±0.26a 4.05±0.10a

pH 7.10±0.17a 7.33±0.41a 7.23±0.51a

Temperature (0C) 26.70±0.92a 26.20±0.75a 27.60±0.53a

Nitrite (mg l-1) 0.02±0.01a 0.02±0.01a 0.02±0.00a

Nitrate (mg l-1) 4.12±0.01a 4.08±1.13a 3.55±1.91a

LPP 24-hour photoperiod; NDP 12-hour photoperiod; LDP 6-hour photoperiod; Means across the 
same row differently superscripted differ significantly (P < 0.05). Values are means ± SD.
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The Feed conversion ratio (FCR) in this study was best in a 6-hour photoperiod and is in contrast with 
the findings of Elsbaay (2013) and Ali and El-Feky (2013), who reported the best FCR for O. niloticus 
fingerlings in 24-hour photoperiod. Statistically, a similar condition factor was obtained between 
experimental groups, indicating that 24-hour, 12-hour, and 6-hour photoperiods were safe for O. 
niloticus well-being.

There was a significant difference in survival rate across the treatments. The fish exposed to 24-hour 
photoperiod showed the highest survival rate, which conforms with Mustapha et al. (2014), who 
worked on the effect of photoperiod on the mortality and welfare of cultured O. niloticus. Similar 
results were also reported by El-Sayed and Kawanna (2004) and Veras et al. (2013) for O. niloticus 
fingerlings raised in different photoperiods. The physicochemical parameters in the experimental 
tanks were not influenced by photoperiod treatment, and the values recorded show a suitable 
environmental condition for rearing Nile tilapia fingerlings. Also, the ranges of dissolved oxygen, pH, 
temperature, nitrite, and values obtained are within the range obtained by El-Sayed and Kawanna 
(2004), El-Sherif and El-Feky (2009), and Tran-Duy et al. (2012). The observed water quality 
parameters may be due to constant water change in the culture system. 

CONCLUSION
The findings from this study reveal that manipulating the photoperiod does influence growth and 
survival rates in Oreochromis niloticus fingerlings. Nile tilapia, Oreochromis niloticus fingerlings 
under a 6-hour photoperiod had superior growth and best feed conversion ratio. However, the survival 
rate was favoured by 24-hour and 6-hour photoperiods. The study suggests similar research in an 
extended duration to determine if the results obtained in this study could be different.
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INTRODUCTION
The Nile Tilapia, popularly known as the local or indigenous tilapia; and scientifically called 
Oreochromis niloticus, is successfully farmed in Nigeria and across the globe because of its growth and 
reproduction under a wide range of environmental conditions and because it exhibits low trophic level 
for feeding; while tolerating stress caused by handling and poor water quality conditions (Oluwalola et 
al., 2020).  The first strain of Thai tilapia (resembling an oceanic redfish) emerged in Taiwan in 1960. It 
was a fusion of mutant red-orange Mozambican tilapia and the Nile tilapia (Oreochromis mossambicus 
x Oreochromis niloticus). The second strain was created in Florida in the 1970s using a Zanzibar 
female tilapia and the red-gold Mozambican male tilapia (Oreochromis urolepsis hornorum x mutant 
strain of Oreochromis mossambicus). The third strain of Thai tilapia was created in Palestine, Israel 
using a combination of mutant pink Nile tilapia and a wild blue tilapia (a strain of Oreochromis 
niloticus x Oreochromis aureus (Vajargah, 2021). A red tilapia (Thai tilapia) was created the strain and 
their crossings. The hybrid tilapia strain is the progeny from a cross between Oreochromis aureus x 

ABSTRACT
Two hundred and seventy (270) Thai tilapia, Hybrid tilapia and Nile 
tilapia were observed for forty-three (43) days in nine (9) tanks. 
There were three treatments and triplicates: Thai tilapia stocked in 
three (3) 2x2x1m2  stagnant concrete tanks (TTS), with stocking 
density of thirty fish per tank; Hybrid tilapia also stocked in three (3) 
concrete tanks fitted with three (3) PVC pipes  to serve as the flow-
through systems (HTF), with stocking density of thirty fish per tank; 
and Nile  tilapia stocked in three (3) hapas (LTH) fitted to three 
rearing concrete tanks, with stocking density of thirty fish per tank. 
The tilapia stocked were fed to satiation using Coppens feed. Mean 
initial weight (MIW) was 4.11±0.00g for TTS, 4.10±0.00g for HTF 
and 4.05±0.00g for NTH. Mean final weight (MFW) recorded 
values of 6.30±0.00g for TTS, 7.05±0.10g for HTF and 6.47±0.01g 
for NTH. Percentage survival was reported to be 97.78% for TTS ,  
97.41% for HTF  and 98.15% for NTH.  The highest weight gain 
observed was 20.81±0.00g for fishes in the HTF tanks, and the 
lowest weight gain was 16.05±0.00g for fishes in the TTS tanks. 
There were significant differences (p<0.05) throughout the 
treatments. Condition factor reported values of more than 1, 
depicting good rearing conditions and fishes being in a state of 
wellness. The growth of fish in this study revealed positive allometry 
for each treatment. Water quality parameters were at recommended 
ranges. This study aimed to document best survivability and growth 
of Tilapia species reared under different rearing systems.

Keywords:
Thai tilapia, Hybrid tilapia,
Nile tilapia, stagnant,
flow-through, hapas
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Oreochromis niloticus (Samaddar et al., 2024). Tilapia reared in hapas have been reported to yield 
better weight gain and higher growth rates (Zidana et al., 2015); while providing a basis for easy 
handling and sampling. They also show high production per unit area and lowest mortality (Towers, 
2015).  Flow-through systems are most effective when a good supply of quality water is available as this 
system significantly impacts fish productivity (Robert et al., 2019). Therefore, this study will inform 
aquaculture stakeholders on the most productive system for growing tilapia species for the best results 
in survivability and increased chances for more income to stakeholders and the nation at large.

MATERIALS AND METHODS
The study area was the National Institute for Freshwater Fisheries Research (NIFFR), Borgu Local 
Government Area in Niger state. Borgu Local Government Area is located at 9°53'N 4°31'E 
coordinates (Robert, 2021). Tilapia species (Thai, Hybrid and Nile) were obtained from the Tilapia 
unit of NIFFR. The Kigera dam, a reservoir in the Borgu Kingdom, provided water for this study. The 
experimental design for this study was a factorial design. There were three treatments and ninety 
fishes per treatment. There was a bi-weekly sampling of the fish to take recordings of the growth and 
survivability in the respective rearing systems. Total lengths and standard lengths were calculated to 
the nearest 0.1cm following measuring using a ruler. Weights were measured bi-weekly using a 
CAMRY 50kg electronic scale for which the weight values were converted to grams. Using the 
mechanism requiring PVC (polyvinyl chloride) pipe for the flow-through tanks, water was constantly 
flowing into the culture tanks by an inlet and flowing out through an outlet, day and night. The PVC 
pipe was cut to 1.5inch diameter, equal to the water depth in tanks while being a precise fit to each of 
the three tanks slated for the flow-through rearing system to enable excess water drain out. Therefore, 
water was left at a ¾ depth throughout all the flow-through tanks. The same flow rate into the tanks via 
the inlet was the same flow rate out of the tanks (Robert et al., 2019; Robert et al., 2020). The three 
tanks fitted with hapas measured 2m X 1.0m X 1.2m and helped assess tilapia species' growth. Feeding 
was done twice daily using Coppens, a commercial fish feed with 56% crude protein. 0.5mm of 
Coppens was fed to fish from stocking to week three. 0.8mm Coppens feed was given the 
experimental fishes from week four to week six. Fishes were fed to satiation every twelve hours.

Growth, mortality and survival parameters were assessed using the following formulae: 

Mean Initial Weight (MIW) =
TN=Total number of fish (Dauda et al, 2022)

Mean Weight Gain (MWG)= MFW-MIW
Where: MFW= Mean Final Weight
MIW= Mean Initial Weight (Dauda et al, 2022)

Percentage Mortality (% mortality)
Where: CM= Cumulative Mortality
TnS= Total Number Stocked (Abdulraheem et al., 2018).

Percentage Survival (% survival)
Wehere: CS = Cumulative Survival
TnS= Totak Number Stocked (Dauda et al, 2023)

Survival Rate (SR) = NS-NM
Where: NS=number of fish stocked
NM= number of mortalities (Sultana et al., 2018)

TW

TN

CM

TnS x 100
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Specific Growth Rate % day (SGR) = 

Where: log  FW = log  final weightn n

log  1W = log  initial weightn n

D= Feeding Period in days (Yunusa et al., 2020).

Feed Conversion efficiency (FCE)=

Where: FW = Final weight of experimental fish
WF= Weight of feed given during experimental duration (Abaho et al., 2020)

Performance Index(PI)=
Where; SR= Survival Rate
FMW= Final mean weight
IMW= Initial mean weight

D=Rearing duration in days (Abdulraheem et al., 2018)

Condition factor=
Where:
FW= Weight of fish
SL= Standard length of fish (L3) (Dauda et al., 2023)

Data was analysed using Microsoft Excel (23 version). Data were subjected to a one-way analysis of 
variance (ANOVA) to assess the difference among means (Ojuwoni et al., 2019). Significant results 
from ANOVA were examined using the Duncan Multiple range test; which  was used to compare 
means (Yakubu et al., 2014). Analysis for regression was also computed (Nwachi et al., 2020). Water 
quality parameters and their measurements were carried out as follows: temperature, was measured in 
degree Celsius using a mercury-in-glass thermometer; ñ H was measured using a ? H meter as 
documented by APHA (1990); and Dissolved oxygen of the treatments was measured using Winkler's 
method (APHA, 1985). 

RESULTS 
Table 1:  Growth and survival of Thai tilapia, Hybrid tilapia and Nile tilapia cultured under different  
rearing systems.

log  FW-log  IWn n

D
x 100

FW

WF
x 100

SR x FMW - IMW

D

FW X 100

SL

Species/  
Treatments

MIW (g) MFW(g) MWG (g) % SGR FCR FCE PI CF

Thai tilapia/stagnant tanks (TTS)
4.11±0.00c 6.30±0.00a 16.05±0.00 a 0.84±0.01a

0.03±0.00
b

0.94±0.00
b 98.5±0.00a 1.32±0.00a

Hybrid tilapia/flow-through tanks
(HTF)

4.10±0.00b 7.05±0.10c 20.81±0.00c 1.02±0.00b 0.02±0.00a 0.84±0.00a
127.3±0.00
c 1.34±0.00a

Nile tilapia/hapas tanks (NTH)
4.05±0.00a 6.47±0.01b 18.54±0.00b 1.00±0.00b

0.03±0.00
b

0.91±0.00
b

114.3±0.04
b

1.49±0.00
b

Means in the same columns (for each section) with different superscript are statistically significant  
(p<0.05). MIW=Mean initial weight (g), MFW= mean final weight (g), WG =weight gain (g), SR= 
survival rate, %SR =%survival rate, %SGR = %specific growth rate, FCR=feed conversion ratio, 
FCE=feed conversion efficiency, PI= performance index and CF=condition factor
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Table 2:  Length-weight relationship regression of Thai tilapia, Hybrid tilapia and Nile tilapia reared 
under different rearing systems.

Species/
Treatments

Intercept (a) Growth pattern (b)
determination (R2)

Thai tilapia/stagnant tanks
(TTS)

0.38 4.72 0.42

Hybrid tilapia/flow-
through tanks (HTF)

0.75 5.97 0.67

Nile tilapia/hapas tanks
(NTH)

0.58 5.94 0.50

Table 3:  Water quality parameters of the rearing systems in the study.

Means in the same columns (for each section) with different superscript are statistically significant  
(p<0.05).

DISCUSSION
There was a significant difference (p<0.05) between the treatments for growth and survival. Growth 
throughout the systems was positively allometric. The condition factor showed values of more than 1 
throughout the study; indicating good rearing conditions and healthy fishes. Water quality values 
showed normal ranges throughout the study (Robert, 2021). However, there was no significant 
difference (p>0.05) in the water quality of the rearing systems. Nile tilapia (Oreochromis niloticus) 
that were reared in hapas, recorded the lowest mortality. The mortality result was in agreement with 
Samaddar et al. (2024). Bhosle et al. (2022) also agreed with the findings of this study as their earlier 
study documented higher growth and survival of GIFT in hapas placed in concrete tanks. Romana-
Eguia et al. (2010) further reported higher survival and growth of Nile Tilapia and Red Tilapia strains in 
cage-based systems than tank-based systems. The greatest weight gain was achieved by the Hybrid 
tilapia (Oreochromis aureus x Oreochromis niloticus) that were raised in the flow-through systems 
however, reported the highest weight gain in this study. This result could be attributed to the 
optimization of the cultured environment (i.e. flow-through system simulating a natural 
environment), optimal maximization of feed which played a crucial role in the weight gain of fishes, 
resulting in a low FCR as they fed every twelve hours. Abd El-Hack et al. (2022) agrees with this result, 
stating in an earlier study that optimizing of the culture environment is important in achieving higher 
growth rates and survival as this helps fish feed more efficiently. Abanikannda et al. (2019) however 
disagrees, citing a six-hour interval feeding regimen as the best, encouraging fish weight gain. Robert et 
al. (2019) however reported in an earlier report, which agrees with the results of this study, that flow-
through systems were the best rearing systems significantly impacting on fish productivity.

Species/Treatments Temperature  °C DO mg/L ñÍ
Thai tilapia/stagnant 
tanks (TTS)

27.00±0.10a 5.18±0.00a 6.0±0.24a

Hybrid 
tilapia/flowthrough tanks
(HTF)

27.10±0.01a 5.20±0.01a 6.5±0.10a

Nile tilapia/hapas tanks
(NTH) 27.00±0.00a 5.15±0.02a 6.0±0.05a
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CONCLUSION AND RECOMMENDATIONS
It is concluded that, while the highest survivability was observed in the hapa rearing systems for Nile 
tilapia (Oreochromis niloticus), Hybrid tilapia (Oreochromis aureus x Oreochromis niloticus) 
performed optimally, growth-wise; in the flow-through rearing systems, closely followed by good 
growth performance of Nile tilapia (Oreochromis niloticus) in the hapa rearing systems. It is now 
recommended that the culture of tilapia species be carried out in the flow-through systems to aid faster 
growth and provide income to all aquaculture stakeholders. More research on the rearing of tilapia 
species in different rearing systems should also be carried out to compare results and observations.
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INTRODUCTION
Nigeria is one Africa's of top aquaculture producers, and there are still numerous opportunities to 
increase large-scale production (Dauda et al., 2018). Several researchers have reported constraints to 
aquaculture development, including water quality, water quantity, high feed cost, disease infestation, 
and inadequate technical capacity (Dauda et al., 2015). Nonetheless, the prospects can be achieved by 
expanding aquaculture production zones, improving management practices of the production system, 
and enhancing product quality (Amosu et al., 2017). Ampelocissus africana belongs to the genus 
Ampelocissus and the family Vitaceae. This plant's leaves, roots, and fruits are useful as food and 
medicine. It is distributed throughout Western and Eastern African countries. It has garnered attention 
as a potential substitute for energy-based ingredients in the African catfish diet (Dauda et al., 2023a). 
Increasing aquaculture production is highly desired to meet the increased demand for fish and fish 
products. However, the high cost of fish feed has been identified as a major constraint to sustainable 
aquaculture development (Dauda et al., 2015). A poorly acceptable and digestible fish feed ingredient 

ABSTRACT
A fifty-six-day experiment was conducted to investigate the water 
quality dynamics in culture tanks of the African catfish fed diets 
containing different inclusion levels of fermented leaves of 
Ampelocissus africana (Wild grape) as a replacement for maize. Clarias 
gariepinus juveniles with an average body weight of 10g were stocked 
and hand-fed at 5% body weight with a 35% crude protein diet twice 
daily. The experiment had five treatments, T1-100% maize and 0% 
A.africana, T2-75% maize and 25% A. africana, T3-50% maize and 
50% A.africana, T4-25% maize and 75% A.africana, T5-0% maize and 
100% A.africana. All the water quality parameters examined 
(temperature, dissolved oxygen, pH, alkalinity, and ammonia-nitrogen) 
during the experiment were not significantly different among the 
treatments. The highest DO concentration was observed in T5 
(4.13±0.39mg/L), the highest temperature value in T3 
(28.9±0.10oC), the highest pH in T3 (7.53±0.15), T4 had the highest 
alkalinity (20.7±0.5 mg/L) while highest ammonia-nitrogen  
(0.69±0.09mg/L) was recorded in T2. Temperature and DO had a 
significant inverse relationship, while DO and pH, and ammonia-
nitrogen and pH had significant positive correlations. All the selected 
water quality parameters were within the acceptable range for tropical 
fish culture. The results revealed that African catfish juveniles can be 
reared with a diet containing A.africana up to 100% replacement with 
no negative consequences on the water quality parameters.

Keywords:
Ampelocissus africana,
Clarias gariepinus,
diet formulation,
water quality.
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may lead to fast deterioration of water quality due to increased waste generation, which may stress the 
fish and lead to poor production despite the cheap cost of fish feed. It is uncertain how acceptable 
fermented A. africana at different inclusion levels will be to fish and the consequences on the water 
quality dynamics. Water is a basic element in rearing fish, and water quality is a critical factor in 
determining the success of the operation. Poor water quality can lead to disease outbreaks, reduced 
growth rates, and even death of the fish (Boyd, 2017). This research was carried out to examine the 
feasibility of using Ampelocissus africana in the fish diet by providing information on the water quality 
dynamics in culture tanks of African catfish fed with different inclusion levels as a replacement for 
maize, as well as the interdependence among the water quality parameters.

MATERIALS AND METHOD
The experiment was carried out at the mini research laboratory of the Department of Fisheries and 
Aquaculture, Federal University Dutsin-ma Katsina State, Nigeria. The leaves of Ampelocissus 
africana were collected from the surroundings of Dutsin-Ma town in Katsina state, Nigeria. The leaves 
were washed, air-dried, and fermented with yeast for 48 hours and then dried again following the 
description of Dauda et al. (2023a). The fermented leaves were ground into powdery form and were 
used to substitute maize as a source of energy (carbohydrate) in formulating fish feed. 
One hundred and fifty (150) juveniles of Clarias gariepinus were bought from a private fish farm in 
Katsina. The fish was transported from the farm down to the fish market, Dutsin-Ma, in a 50-litre 'jerry 
can' by road. After the arrival of the fish it was randomly distributed into fifteen tanks for the 
experiment and each tank of 44cm × 29cm × 25cm, with a water capacity of 30L (each tank was filled 
with 25L of water) and stocked with ten (10) fish of 7.94g average weight. The fish were not fed on the 
first day of arrival because of stress till after 20-24 hrs.
The design used was a complete randomized design (CRD) comprising five (5) treatments with three 
replicates each. The first treatment, which is the control (T1), was fed formulated feed containing 0% 
A.africana and 100% maize; the second treatment (T2) was fed 25% A.africana and 75% maize; the 
third one (T3) was fed 50% A.africana and 50% maize; the fourth one was (T4) fed 75% A.africana 
and 25% maize and the last one which is the fifth one was fed 100% A.africana only. The experiment 
lasted for eight 8 weeks (56 days), and all five (5) treatments were fed the diet twice a day (morning 
and evening) at 5% body weight. Water quality parameters were measured twice every week during the 
experiment.
Five diets (T1-T5) were formulated containing 35% crude protein, using Pearson square method. All the feed 
ingredients were integrated to compute the required quantities to make up 100% of the feed (Table 1). 

Table 1: Composition (%) of experimental diets

INGREDIENTS
(%)

T1 T2 T3 T4 T5

Fish meal 17.61 17.50 17.39 17.24 17.15
Soybean Meal 52.84 52.52 52.17 51.72 51.46
Maize

Wild grape 0 5.75 11.72 18.03 24.39
Palm Oil 2.00 2.00 2.00 2.00 2.00
Cassava 2.00 2.00 2.00 2.00 2.00
Salt 0.75 0.75 0.75 0.75 0.75
Vitamins 0.75 0.75 0.75 0.75 0.75
Methionine 0.25 0.25 0.25 0.25 0.25
Bone meal 1.00 1.00 1.00 1.00 1.00
Lysine

22.55 17.23 11.72 6.01 0.00

0.25 0.25 0.25 0.25 0.2
Total 100 100 100 100 100
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Water quality in the tanks was maintained by siphoning out the bottom debris (faecal matter, uneaten 
food) and changing 70% of the water twice a week (water level re-adjusted by refilling with clean 
water). Physicochemical parameters like water temperature (oC) were measured using a mercury-in-
glass thermometer, pH, dissolved oxygen, DO (mgL-1), alkalinity (mgL-1) and total ammonia-
nitrogen (mgL-1) were measured using Fresh Innovative Multitec kits. 
All data obtained from the experiment were expressed in mean ± SE. Before subjecting the data to 
one-way analysis of variance (ANOVA), a variance homogeneity test was carried out. Duncan's 
multiple range test was used to separate the significant means at p<0.05. Person correlation analysis 
was used to test the interdependence among the water quality parameters.

RESULT AND DISCUSSION
According to Dauda et al. (2023b), the successful culture of fish is hinged on three basic things: the 
quality of fish seeds, satisfactory fish feed, and adequate water quality. So, any ingredient to be 
introduced to improve fish production must not be the one that can lead to fast deterioration of water 
quality. In this study, the inclusion of A. africana up to 100% as a replacement for maize did not harm 
the water quality. As shown in Table 2, all the water quality parameters were not different significantly 
among the treatments (P>0.05), except alkalinity, which was higher significantly (p<0.05) in 
treatment 4 with 20.7±0.51mg/L compared to 20.0±0.00mg/L in all other treatments. Nonetheless, 
all the water quality parameters are within the recommended range for the culture of tropical fish 
species (Dauda and Akinwole, 2014; Sulem-Yong et al., 2023). 

Table 2: Water quality (Mean±SE) parameters in the rearing tanks of African catfish fed diet 
containing different inclusion levels of Ampelocissus africana

Parameters T1 T2 T3 T4 T5
Temperature (oc) 28.74±0.12 28.56±0.14 28.91±0.10 28.46±0.16 28.37±0.32
Dissolved 
oxygen(mg/l)

3.81±0.41 3.58±0.48 4.04±0.47 4.04±0.47 4.13±0.39

pH 7.06±0.19 7.24±0.75 7.53±0.15 7.39±0.16 7.43±0.19
Alkalinity (mg/l) 20.0±0.00a 20.0±0.00a 20.0±0.00a 20.7±0.51b 20.0±0.00a

Ammonia-
Nitrogen(mg/l)

0.66±0.09 0.69±0.09 0.62±0.10 0.63±0.10 0.67±0.10

Different letters as superscripts across the row indicate significant differences (p<0.05)

Table 3 shows a significant negative correlation between DO and temperature, while pH had a significant positive 
correlation with DO and ammonia-nitrogen. The results imply that an increase in DO corresponds with a 
decrease in temperature and vice-versa, while the increase in pH corresponds with increased DO and ammonia-
nitrogen. An inverse relationship between DO and temperature was reported by Dauda and Akinwole (2014) in 
water quality parameters from recirculating aquaculture systems. Dauda et al. (2021) also reported a negative 
correlation between temperature and DO, as well as ammonia and pH, though not significant.

Table 3: Interdependence among the water quality parameters in rearing tanks of African catfish fed 
diet containing different inclusion levels of Ampelocissus africana

Temperature DO pH Alkalinity Ammonia
Temperature 1
DO -0.195* 1
pH -0.126 0.281** 1
Alkalinity 0.075 -0.090 0.090 1
Ammonia 0.090 0.159 0.522** -0.121 1

*. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).
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CONCLUSION
The study revealed that regardless of the inclusion level of fermented Ampelocissus africana in the fish 
feed, the water quality parameters were not significantly different. Therefore, it can be concluded that 
Clarias gariepinus juveniles can be fed a diet containing 100% without any adverse effect on water 
quality parameters. Further study on the impact of varying inclusion levels on the growth performance 
and well-being of the cultured fish is recommended, as the success of this might lead to a reduction in 
the cost of fish feed and overall production.

REFERENCES
Amosu A.O., Hammed A.M., Togunde K.A., Joseph O.O. and Adekoya (2017). Possible Aquaculture 

Development in Nigeria. Journal of Agricultural Science and Technology 7:194-205
Boyd, C. E. (2017). General relationship between water quality and aquaculture performance in ponds. In 

Fish diseases (pp. 147-166). Academic Press.
Dauda, A. B., and Akinwole, A. O. (2014). Interrelationships among water quality parameters in recirculating 

aquaculture system. The Nigerian Journal of Rural Extension and Development, 8(1): 20-25.
Dauda A.B., Dasuki A. and Bichi A.H. (2015). Analysis of constraint to aquaculture development in 

Sudano-Sahelian region of Nigeria. Trop Subtrop Agroecosystem, 18:189-193.
Dauda A.B., Natrah F.M.I., Murni K., Mohd S.K. and Bichi A.H. (2018). African Catfish Aquaculture 

in Malaysia: Status, Trends and Prospects. Journal Fisheries and Aquaculture.9:1. 
Dauda A.B., Bichi, A.H. Salim A. M. and Saidu, A.K. (2021) Interdependence and interrelationship 

among water quality parameters in biofloc systems. In: L.A. Saulawa, H.B.Usman, A. Aruwayo, 
M.G. Garba, E.A. Rotimi, A.B. Dauda, S.S. Adeola and M.N. Sabo (eds). Animal agriculture: A 
panacea for Nigeria's economic growth in the post-pandemic era. Proceedings of the 46th annual 
conference of the Nigerian Society for Animal Production, held between 14 and 18 March 
2021 at Federal University Dutsin-Ma, Katsina State, pp 1346 -1350.

Dauda, A.B., Isah, M.M., Nasir, B., Abdulrahman, K., Echuo-Odu, C. A., Ismail, Q. O. Abdurrasheed, 
N., Salele, H.A. and Abdulkareem H. O. (2023a). Fermentation enhances the quality of wild 
grape (ampelocissus africana) leaf meal: a potential ingredient in fish diet formulation. In: Book 
of proceeding of 38th Annual Conference of the Fisheries Society of Nigeria, Bayelsa 2023, 
held between 27th November and 1st December 2023.

Dauda, A.B., Ajadi, A., Salele, H.A., Ikpe, J., Basir, Z., Oladapo, O. and Pelebe, R.O.E. (2023b). Water 
renewal frequency affects water quality, growth performance and physiological status of African 
catfish, Clarias gariepinus juveniles. Journal of Aquaculture, 31: 13-24. 
https://doi.org/10.61885/joa.v31.2023.278

Sulem-Yong, N. N., Tchiedjo-Marie, L. D., Boudem-Tsane, C. R., Essoh-Etouke, A. M., Noudjio,C., K. 
Yong-Sulem S.,  Etchu, A. K., Nola, M., Zebaze-Togouet, .S.H (2023). Water Quality Effects on 
Survival and Weight of Tank-Raised African Catfish (Clarias gariepinus, Burchell, 1822) Fed 
Commercial and Farm-made Feeds. J. Exp. Agric. Int., 45 (12): 140-154. 

740

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

GROWTH PERFORMANCE AND SURVIVAL OF Clarias gariepinus 
(BURCHELL, 1822) FINGERLINGS RAISED IN VARYING-COLOURED 
RECEPTACLES AND THE ASSOCIATED WATER QUALITY 

Olanrewaju A.N., *B. A. Isa and Y. M. Umar 

Department of Fisheries Technology, Federal College of Freshwater Fisheries Technology, Baga, P.M.B 
1060, Maiduguri, Nigeria

Corresponding author:
bashtrust029@gmail.com, +234 7067388378, 0009-0009-7775-6176

INTRODUCTION
African catfish, Clarias gariepinus is an economically important fish species that constitutes a larger 
part of Nigeria's aquaculture production, reaching 261,700 tonnes in 2020 (FAO, 2022). This species is 
mostly appreciated by fish farmers in Nigeria due to its biological attributes, including stress tolerance, 
disease resistance, fast growth, robustness, and high survival rate (Manyise et al., 2024). Recently, in 
Northeast Nigeria, the prominence of Catfish aquaculture as a food fish source is growing because of 
insurgency that has deprived its supply from the natural waterbodies. Most youth is embracing Catfish 
farming in Maiduguri as a source of livelihood. Meanwhile, the availability and affordability of healthy 
fast-growing fingerlings and juveniles in the required quantities has been a major bottleneck in the area.
Kareem et al. (2013) noted that despite the spectacular growth recorded in Catfish fingerlings 
production through artificial propagation, the demand for the fingerlings still outstrips the supply. The 
shortfall in fingerling supply could be linked to the inappropriate selection of the best tank colour for 
the fry-fingerling  growth phase, which has remained intractable over the years. According to Sykes et 
al. (2011), tank background colour can be a stressor that affect the behaviour, habitat preference, and 
metabolic rates of fish. Recently, different tank colours have been observed as the best for nurseries in 
various species (McLean, 2021). 
Fish culture tanks offer significant flexibility for aquaculture production, and many studies indicate 
that certain species perform better in terms of growth, survival, and feed conversion when maintained 
in alternative-coloured tanks (McLean, 2021). Similarly, many studies have revealed that culture tank 

ABSTRACT
The aim of this study was to assess the influence of tank colour on the 
growth, survival, and water quality of Clarias gariepinus fingerlings. 
A total of 180 fingerlings (1.48±0.49 g) were distributed into 9 
aquariums (2.9 m3) and divided into three treatments (aquariums 
with green, purple, and black colour) in three replicates (20 fish per 
aquarium). The fingerlings were fed at 5% of their body weight twice 
daily for 84 days. Results showed that C. gariepinus cultured in the 
purple aquarium had slightly higher final weight (17.43±0.24 g), 
weight gain (15.91±0.84 g) and higher feed conversion ratio 
(1.30±0.01). In the water quality parameters, nitrate (0.58±0.12 – 
2.67±2.27 mg/l) and nitrite (0.01±0.00 – 0.61±0.60 mg/l) were 
significantly higher but not detrimental. It was concluded that C. 
gariepinus fingerlings can be suitably raised in all the tanks, but 
purple tank exhibited better prospect towards improved growth 
performance and survival rate.

Keywords:
Tank colour, 
growth performance, 
Clarias gariepinus,
fingerlings
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background colors significantly affected cultured fish's growth and survival (McLean, 2021; Okomoda 
et al., 2017; Opiyo, 2010). Hence, there is a need to know the effects of varying-coloured receptacles 
on Catfish fry/fingerling survival and growth in Maiduguri, Nigeria.

MATERIALS AND METHODS
The Clarias gariepinus were obtained from the fish hatchery unit, Federal College of Freshwater Fisheries 
Technology Baga, Maiduguri where the study was also conducted. The initial mean weight of the 
fingerlings is 1.48±0.49 g. The fish were acclimatized in two experimental plastic tanks (22.06 m2) under 
laboratory conditions for 24 hours prior to the start of the experiment. After that, nine experimental 
plastic tanks (2.9 m3) of three different colours were stocked with twenty fish each. The treatments were 
represented by three replicates each and labelled as: Green (GRN), Purple (PUP) and Black (BLK). The 
fish were fed with commercial feed of 45% crude protein twice daily (8:00 h and 18:00 h). The daily ration 
was 5% of the stock biomass, as recommended by Adewolu and Olakunle (2009). Fish were reweighed 
weekly, and the feeding rate was adjusted with digital analytical balance (Scout Pro SPU202 Model). The 
feeding trial lasted 12 weeks (84 days) between June 6 and August 28, 2022. 
Water quality parameters were analyzed weekly using standard methods by Boyd and Tucker (1998), and in-
situ measurements were done for pH, temperature, and dissolved oxygen using a multi-parameter water 
quality meter (BICASA model B.E.104). Nitrite and nitrate were determined in the laboratory following the 
APHA (1998) procedure. The weight gain, specific growth rate, feed intake, feed conversion ratio, and 
survival rate were calculated for each treatment according to Akinwole and Faturoti (2006). 
Mean weight gain (MWG, g): MWG = final mean weight - initial mean weight

Specific growth rate (SGR, %/day): SGR=

Food conversion ratio (FCR): FCR= 

Survival rate (SE, %): SR=

Data obtained from the experiment were subjected to analysis of variance using SPSS (20.0 version) 
and presented as Mean±Standard deviation (S.D). Fisher's LSD post-hoc test was used to evaluate the  
differences at 5% level of significance. 

RESULTS
The physicochemical parameters of water in the fish culture environment in different coloured 
receptacles were observed for three months of the experiment (Table 1). There was no significant 
difference (p>0.05) in mean dissolved oxygen, pH, and temperature values at different receptacle 
colours. The mean nitrate and nitrite levels in the black culture medium were significantly higher 
(p<0.05) than in purple and green tank treatments. The obtained values for growth performance such 
as body weight gain (BWG), specific growth rate (SGR), feed intake (FI) and feed conversion ratio 
(FCR) are shown in Table 2. Initial average fish weight in all groups was not significantly different 
(p>0.05), and the performance during 84 days of growth were evaluated. No significant variations 
were observed in the BWG and SGR, while the lowest value was recorded for fish raised in black and 
green tanks. Fish raised in purple tank had a higher mean feed intake value (p<0.05) than those raised 
in green and black receptacles. However, treatment groups had no significant differences in the feed 
conversion ratio. Percentage survival was very high (>70%) across all colour treatment groups and no 
significant difference (p>0.05) was recorded in the percentage survival of all the fish in treatment 
groups (Figure 1). However, purple tank had the highest survival rate (92.00±2.10 %), while black 
gave the least (77.33±3.25 %).

lnWt2-lnWt1

P
x 100

total feed intake

total weight gain
final number of fish

initial number of fish
x 100
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DISCUSSION
The water quality results presented in this study showed no significant differences in temperature, pH 
and dissolved oxygen between treatment groups, indicating that these parameters remained constant 
throughout the experimental period. Also, their values were within the recommended levels for 
catfish culture (Boyd and Tucker, 1998). However, Nitrate and nitrite levels were significantly high in 
black receptacles but within the optimum levels recommended for catfish (Boyd and Tucker, 1998). 
The significant variations in nitrate and nitrite imply that black culture receptacles have no detrimental 
effects on the surrounding water quality of the fish. Purple culture receptacles in the current study had 
the highest mean body weight gain and specific growth rate (SGR), which were not statistically 
different from the fish raised in green and black receptacles. This data corroborates the findings of 
Krasteva et al. (2020) who obtained slight variations in weight gain and SGR of European catfish 
(Silurus glanis L.) fingerlings reared in light blue, white, green, and black tanks. This observation also 
agrees with the work of Alabi and Ocholi (2018) where differences in body weight gain and specific 
growth rate in African catfish raised in white and black culture receptacles showed an 

Table 1: Physicochemical water parameters in different coloured receptacles for raising C. gariepinus 
fingerlings

Water parameters
Receptacle colours

GRN PUP BLK
Dissolved Oxygen (mg/l) 5.27±0.21a 5.64±0.25a 5.60±0.12a

pH 7.83±0.08a 7.82±0.10a 7.78±0.07a

Temperature (oC) 27.92±0.52a 28.17±0.39a 28.25±0.62a

Nitrate (mg/l) 0.58±0.12b 1.05±0.83ab 2.67±2.27a

Nitrite (mg/l) 0.01±0.00b 0.10±0.12b 0.61±0.60a

GRN Green; PUP Purple; BLK Black; Means across the same row differently superscripted differ 
significantly (P < 0.05). Values are means ± SD.

Table 2: Growth performance and nutrient utilization efficiency of C. gariepinus fingerlings

Variable
Treatments

GRN PUP BLK
Initial mean Weight (g) 1.75±0.31a 1.52±0.69a 1.47±0.35a

Final mean weight (g) 17.21±2.17a 17.43±0.24a 15.28±0.95a

Mean Weight gain (g) 15.46±2.26a 15.91±0.84a 14.11±1.29a

Specific growth rate (%) 1.06±0.13a 1.26±0.27a 1.24±0.27a

Feed intake (g feed/fish) 210.59±24.54ab 235.56±11.04a 181.74±8.85b

Feed conversion ratio (%) 1.71±0.07a 1.30±0.01a 1.43±0.08a

Figure 1: Survival rate of C. gariepinus fingerlings reared in different receptacle colours.

GRN Green; PUP Purple; BLK Black; Means across the same row differently superscripted differ 
significantly (P < 0.05). Values are means ± SD.
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insignificant variation. Okomoda et al., (2017) reported a significantly higher growth rate in C. 
gariepinus fingerlings raised in black culture tanks than those in white, blue, green, and red. 

Background colour did not significantly affect the FCR of C. gariepinus fingerlings in this study, but fish in 
purple receptacles showed slightly better FCR. In congruence to this data, Okomoda et al. (2017) did not 
record the marked difference in FCR of African catfish fingerlings raised in different tank colours. Also, a 
study conducted by Krasteva et al. (2020) revealed that tanks with light blue, white, green and black 
colours did not reflect any effect on FCR of European catfish fingerlings, which agrees with those found in 
this study. The survival rate in this study was not significantly affected by the different colours of tanks. 
Okomoda et al. (2017) indicated slight differences in the survival rate of C. gariepinus fingerlings when 
reared in different coloured tanks. Furthermore, some research have shown that tank colour does not 
distinctly impact the survival rate of several fish species, for instance, Oscar fish (Astronotus ocellatus) 
juveniles (Dopeikar et al., 2024), European catfish (Silurus glanis L.) fingerlings (Krasteva et al., 2020), 
and Rainbow trout (Oncorhynchus mykiss) juveniles (Üstündag and Rad, 2015).

CONCLUSION
From this study, it can be concluded that the colour of the receptacle has no significant effect on 
growth performance and survival rate of Clarias gariepinus fingerlings raised for 84 days. Although the 
surrounding water quality of the fish is impacted, it is not detrimental.
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INTRODUCTION
Groundwater boreholes are valuable resources for drinking, domestic, aquaculture, agricultural or 
industrial purposes. However, in Maiduguri, groundwater is majorly abstracted for household use. 
According to Isa et al., (2013) over 70 percent of people in Maiduguri rely on groundwater as their 
main source of drinking water. Also, the surge in human population in Maiduguri due to Boko Haram 
insurgency have imposed significant stress on water supply in the area. Thus, there is a growing demand 
for adequate quality water resources for domestic and agricultural use. Similarly, the Government of 
Nigeria and various Non-Governmental Organisations in their effort to assist the State in restoring 
economic productivity and livelihoods choose to train and empower people in fish farming. This is 
undoubtedly creating an urgent need to link research with improved water management, better 
monitoring and assessment. Usman et al., (2016) however emphasized that the usefulness of 
groundwater to humans essentially depends on its chemical status, thus, assessment of groundwater 
quality is important for any chosen purpose.

ABSTRACT
The study analysed physicochemical and microbiological qualities of 
groundwater boreholes for fish farming in Maiduguri. Eleven water 
parameters were analyzed at four different locations (Angua Doki, 
Damboa road, Jidari Polo and Kofa Biu) in Maiduguri for 3 months 
and data generated were analysed using descriptive statistics and 
ANOVA at a0.05. The result revealed desirable quality in all the 
physic-chemical parameters investigated, except dissolved oxygen 
(2.58±0.22 – 3.35±0.17 mgL-1), temperature (23.60±0.54 – 
24.50±0.20 oC), alkalinity (30.46±9.55 – 33.61±11.34 mgL-1), 
cadmium (0.00±0.00 – 0.04±0.05 mgL-1) and iron (0.14±0.02 – 
0.17±0.02 mgL-1) levels. Also, the result shows high coliform 
density (2.06±1.09 – 6.00±5.29 cfu mL-1) and bacteria 
contaminant (51.66±16.50 – 92.00±12.53 cfu mL-1) in all the 
water samples, which indicate pollution and imminent danger of 
communicable disease. Despite most of the physicochemical 
parameters analyzed support aquaculture production, caution is 
needed since the water has high coliform density and bacteria 
contaminant. The study, thus recommended proper coliform and 
bacteria treatment in these water before considering it for sustainable 
aquaculture.

Keywords:
Aquaculture, groundwater
borehole, water quality,
heavy metal, pollution,
Maiduguri

746



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Water quality for aquaculturists refers to the quality of water that enables successful propagation of the 
desired organisms, especially fish. According to Olanrewaju and Kareem, (2018) water quality 
determines to a great extent the success or failure of a fish culture operation. Quality of water is, 
therefore, an essential factor to be considered when planning for commercial aquaculture production. 
Water quality includes all physical and chemical factors that influence the beneficial use of water. In 
assessing the quality of borehole water for fish farming, physico-chemical parameters and heavy metal 
contamination is a primary concern of investigation (Sabrina et al., 2013). 
A number of studies have been conducted on suitability of groundwater borehole quality for fish 
farming in Maiduguri metropolis (Olanrewaju et al., 2023; Olanrewaju and Shobowale, 2023), but 
there is dearth of such documented information in Maiduguri Metropolitan Council. Thus, the 
physico-chemical and microbiological quality of groundwater boreholes for fish culture in Maiduguri, 
Borno State, Nigeria was investigated.

MATERIALS AND METHODS
The study area is Maiduguri and environs; Maiduguri is the capital city of Borno state and it is the 
largest city in the North eastern Nigeria, with land size covering an area of 543 km2. The city is located 
on geographic grid reference Longitude 13°03'23" E – 13°14'19" E, Latitude 11°46'18" N – 11°53'21" N 
(Daura, 2002). Groundwater boreholes from four selected areas including Angua Doki (11048'48''N, 
13010'51''E), Damboa road (11047'54'' N, 13007'47'' E), Jidari (11047'47'' N, 13008'56'' E) and Kofa 
Biu (11051'17'' N, 13009'54'' E) were used for the study. Water samples were collected weekly from 
two randomly selected boreholes in each of the sampling area between October and November, 2019. 
Water parameters such as dissolved oxygen, nitrate, nitrite, total hardness, sulphate, magnesium and 
potassium were analyzed in the laboratory, while water temperature, pH, conductivity, and alkalinity 
were measured directly in the location where the samples are taken. Heavy metal concentrations 
(cadmium, lead, zinc, iron and manganese) were measured using ? ame atomic absorption 
spectrometer (Perkin Elmer model 306). Total bacteria, total coliform and faecal coliform were also 
determined by Membrane Filtration Method using M-Endo-Agar Les (Difco) at 37°C and on MFC 
Agar at 44°C, respectively in the laboratory. The laboratory analyses are conducted at the Water and 
Biological Laboratory, NAFDAC Office, Maiduguri following APHA (2012) procedure. Data obtained 
were analysed using descriptive statistics and one-way analysis of variance a 0.05. Fisher's LSD was 
employed for mean separation to asses any significant difference at the probability level of p<0.05 
among the studied locations. Statistical analysis was performed using SPSS software statistical 
program version 20.0 (SPSS Inc., Chicago, IL, United States of America).

RESULTS AND DISCUSSION
The result of physico-chemical analysis of borehole water samples from selected areas in Maiduguri is 
as shown in Table 1. Water samples from Kofa Biu had significantly (p<0.05) low dissolved oxygen 
(2.40±0.08 mgL-1), hardness (130.25±2.73 mgL-1) and magnesium (0.14±0.03 mgL-1), but higher 
sulphate (11.93±0.11 mgL-1) and potassium (7.33±1.52 mgL-1) levels (p<0.05). Nitrite level 
(0.03±0.02 mgL-1) was slightly higher in samples from Damboa Road, but had the least pH 
(8.00±0.10) and temperature (23.60±0.54 oC) values (p>0.05). Also, water samples from Jidari 
Polo gave the least alkalinity (30.46±9.55 mgL-1) and conductivity (0.05±0.02 dSm-1) levels, but 
highest nitrate (2.44±1.85 mgL-1) level (p>0.05). Same values were obtained for nitrite (0.02±0.01 
mgL-1) in water samples from Angua Doki, Jidari Polo and Kofa Biu. Similar trend was followed in 
conductivity having the same value (0.08±0.03 dSm-1) in Angu Doki and Kofa Biu water samples. The 
present results indicate that all the physico-chemical parameters explored were in consonance with 
the optimum range for growth, reproduction and survival of fish (Omitoyin, 2007; Boyd, 1998) except 
few parameters including dissolved oxygen, temperature and alkalinity. This finding differs from the 

747



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

previous report by Olanrewaju et al. (2023) and Olanrewaju and Shobowale (2023), who studied the 
suitability of groundwater boreholes for fish farming in Maiduguri metropolis. These authors, however 
found some of the parameters investigated within the standard recommended limits for aquaculture.

Table 1. Physico-chemical properties of borehole water samples from selected areas in Maiduguri 
Parameters Locations

ADK DRD JPO KBU
DO (mgL-1) 2.77±0.43a 3.35±0.17b 2.58±0.22a 2.40±0.08a

pH 8.37±0.15a 8.00±0.10a 8.03±0.06a 8.33±0.12a

Temperature (oC) 23.80±0.70a 23.60±0.54a 24.20±0.28a 24.50±0.20a

Nitrate (mgL-1) 1.94±2.02a 2.37±0.88a 2.44±1.85a 2.06±1.73a

Nitrite (mgL-1) 0.02±0.01a 0.03±0.02a 0.02±0.01a 0.02±0.01a

Alkalinity (mgL-1) 30.53±11.62a 32.77±12.14a 30.46±9.55a 33.61±11.34a

Conductivity (dSm-1) 0.08±0.03a 0.06±0.01a 0.05±0.02a 0.08±0.02a

Hardness (mgL-1) 135.46±3.05a 138.34±3.17ab 140.31±2.06b 130.25±2.73a

Sulphate (mgL-1) 8.37±0.13a 8.00±0.12a 8.07±0.15a 11.93±0.11 b

Magnesium (mgL-1) 0.21±0.07b 0.18±0.06a 0.17±0.02a 0.14±0.03a

Potassium (mgL-1) 3.60±0.56a 3.03±0.31a 3.60±0.40a 7.33±1.52b

DO – Dissolved Oxygen, ADK – Angua Doki, DRD – Damboa Road, JPO – Jidari Polo, KBU – Kofa Biu

The results of heavy metal analysis from borehole water samples in the study area is as presented in 
-1Table 2. Cadmium varied from 0.00±0.00 mgL-1 (Angua Doki) and 0.04±0.05 mgL  (Kofa Biu) with 

slight differences among the sample locations (p>0.05). The sample from Jidari Polo had the highest 
-1recorded concentrations of lead (-0.16±0.05 mgL ), while samples from Damboa Road (0.17±0.02 

-1 -1mgL ) and Jidari Polo (0.17±0.01 mgL ) had higher iron level. However, the values obtained for lead 
and iron were not statistically significant (p>0.05) between locations. The zinc content in samples 

-1from Damboa Road (0.34±0.03 mgL ) were significantly higher compared to other locations. 
-1 -1

Manganese levels varied between 0.13±0.03 mgL  (Kofa Biu) and 0.19±0.08 mgL  (Angua Doki) 
with significant differences between the sample locations (p<0.05). The heavy metals value obtained 
in this study were in consonance with recommended limits by Saah et al. (2021), except cadmium and 
iron. Olanrewaju et al. (2023) and Olanrewaju and Shobowale (2023) also found similar trends in 
heavy metal levels in boreholes from Maiduguri metropolis.

Table 2. Heavy metal concentrations of borehole water samples from selected areas in Maiduguri

Parameters Locations
ADK DRD JPO KBU

Cadmium (mgL-1) 0.00±0.00a 0.02±0.01a 0.01±0.01a 0.04±0.05a

Lead (mgL-1) -0.13±0.08a -0.14±0.03a -0.16±0.05a -0.12±0.01a

Iron (mgL-1) 0.15±0.01a 0.17±0.02a 0.17±0.01a 0.14±0.02a

Zinc (mgL-1) 0.21±0.07a 0.34±0.03b 0.18±0.05a 0.17±0.02a

Manganese (mgL-1) 0.19±0.08b 0.15±0.01ab 0.15±0.03ab 0.13±0.03a

ADK – Angua Doki, DRD – Damboa Road, JPO – Jidari Polo, KBU – Kofa Biu

The data presented in Table 3 indicated significant difference (p>0.05) in bacteriological parameters 
of water samples in the study locations. The samples from Jidari Polo had the highest feacal coliform 
count (22.00±19.69 cfu mL-1) while the least was found in Angua Doki (1.24±0.54 cfu mL-1). The 
total coliform count in samples from Kofa Biu was highest (23.00±5.00 cfu mL-1), followed by Jidari 
Polo (6.00±5.29 cfu mL-1), while the least value (2.06±1.09 cfu mL-1) was recorded in Angua Doki. 
Mean the total bacteria count of the water samples ranged between 51.66±16.50 and 92.00±12.53 
cfu mL-1 with the minimum in Angua Doki and highest in Damboa Road, respectively. The values in 
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this study were far above the World Health Organization and Nigeria Standard for Drinking Water 
Quality acceptable standard of 0 CFU mL-1. The reasons to this poor water quality can impugned on 
proximity to toilet facilities, sewage, refuse dump site and various anthropogenic activities as seen in 
the study areas. This result corroborates the findings of a previous study conducted by Olanrewaju and 
Agbelege, (2023) and Biu et al. (2020) in borehole water samples in Maiduguri, Nigeria.

Table 3. Bacteriological quality of water samples from boreholes in selected areas in Maiduguri
Parameters Locations

ADK DRD JPO KBU
FCC cfu mL-1 1.24±0.54a 6.33±5.69a 22.00±19.69b 18.67±6.03ab

TCC cfu mL-1 2.06±1.09a 5.33±4.73a 6.00±5.29a 23.00±5.00b

TBC cfu mL-1 51.66±16.50b 92.00±12.53c 68.00±42.00ab 75.67±27.01bc

ADK – Angua Doki, DRD – Damboa Road, JPO – Jidari Polo, KBU – Kofa Biu

CONCLUSION
This study demonstrated that the water from selected boreholes in Maiduguri had good physic-
chemical quality for aquaculture, except low dissolved oxygen, temperature and alkalinity levels. Also, 
cadmium and iron levels are slightly above the desirable ranges for aquaculture. The high coliform 
density and bacteria contaminant in all the borehole water samples in the study area, however, make 
the water deplorable for fish culture unless after proper treatment.
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INTRODUCTION
Aquaculture continues to grow more rapidly than all other animal food-producing sectors in the world 
(FAO, 2006). One of the important aspects of aquaculture is fish farming, which provides about 40% 
of the dietary intake of animal protein and constitutes a third of the world's supply of fish products. 
Fish is lower in total fat and calories than meat or poultry, hence a healthy protein choice (Gramma et 
al., 2011). Fish farmers in Nigeria developed special interest in Clarias gariepinus due its biological 
attributes that include resistance to diseases, faster growth rate, and possibility of high stocking density 
(Ekasari et al., 2019). The cultivation of C. gariepinus can be achieved using different culture systems, 
but semi-intensive system is more popular among Nigeria fish farmers. In this system, fish are culture 
in ponds either with mechanical aeration and/or flow-through system to enhance water quality for 
good growth and survival. 
One of the common water-use management techniques in catfish farming is flow-through system that 
can be used to obtain faster growth in less time during the intense production in indoor ponds. This 
system allows organic materials to be removed from the tank at constant rate and give rise to good 

ABSTRACT
This study was conducted to determine growth performance, 
haematological response and water quality of Clarias gariepinus 
juveniles reared in static renewal (SRS) and flow-through system 
(FTS). Two hundred C. gariepinus juveniles (4.74±1.63 g) in 
duplicate of 50 fish were randomly stocked in SRS and FTS tanks. 
The fish were fed twice daily with commercial feed at 3% total body 
weight for 12 weeks. Data was analyzed using T-test and ANOVA at 
p<0.05. Results showed that the fish in FTS tanks had slightly higher 
weight gain (52.52±8.68 g), specific growth rate (1.31±0.15 g day-
1) and feed conversion ratio (1.39±0.33). However, higher (p>0.0) 
survival rate (82.60±1.42 %) was noted in fish raised in SRS. 
Elevated white blood cell count (9.70±2.01 x 109 l-1), haemoglobin 
(11.60±1.84 g dl-1), packed cell volume (35.00±6.00 %), and total 
protein (121.00±11.07 mg dl-1) levels were observed in fish from 
FTS tanks (p<0.05). Also, marginal differences (p>0.05) were 
observed in water parameters measured in SRS and FTS tanks. The 
study recommended further research on the influence of increase 
duration of flow-through system on growth performance and 
physiological response of African catfish juveniles in indoor tanks.

Keywords:
Clarias gariepinus,
growth parameters,
physiological response,
water parameters, survival. 
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water quality, which promotes good growth and yield at harvest. Chainark and Boyd, (2010) noted that 
the quality of water used in aquaculture influences feeding, growth, disease burden, and survival. 
Previous studies on different water-use management techniques have only looked at the impact on 
survival and growth results (Alabi and Ocholi, 2018; Olanrewaju et al., 2016; Omitoyin, 2003), little is 
however reckoned on the impact of these techniques on the physiological response of the fish. Esmaeili 
(2021) attests that fish growth is closely related to its health status. This study therefore, investigates 
the growth performance, haematology and water quality of C. gariepinus juveniles raised in static 
renewal and flow-through systems.

MATERIALS AND METHODS
The experiment was conducted in indoor fish hatchery complex of Federal College of Freshwater 
Fisheries Technology, Baga, Borno State. Two hundred Clarias gariepinus juveniles (average weight; 
4.74±1.63 g) was obtained from a reputable fish farm for the experiment. The fish was acclimatized 
and fed ad-libitum for two days prior the experiment. Thereafter, fifty fish were randomly distributed 
in four concrete rearing tanks (5.28 m3) and reared for 12 weeks. The tanks were supplied with 
dechlorinated borehole water and managed based on individual treatment of the study. Prior to starting 
the experiment, the fish were measured to obtain the initial length (cm) and weight (g). The two 
experimental treatments in the study were Static Renewal System (SRS) and Flow-Through System 
(FTS). Water in SRT tanks was changed twice weekly, while FTT have 6 hours flow-through water 
daily during the night (00.00 – 06.00 h). The fish were fed with the same commercial feed at (40 – 52% 
CP) based on 3% of the fish biomass in all treatments. Fish were reweighed weekly and feeding rate 
was adjusted accordingly.
Growth parameters were assessed in terms of mean weight gain (MWG), specific growth rate (SGR), 
feed conversion ratio (FCR), and survival rate (SR) using the formulae of Akinwole and Faturoti, 
(2006). Blood samples (2 mL) were extracted and dispensed into a sample bottle containing Ethylene 
Diamine Tetra-acetic Acid (EDTA) anticoagulant for haematological studies while 3 mL was 
transferred into non-heparinized tubes to obtain plasma for biochemical analysis. Haematological assay 
was carried out at the NAFDAC Office, Maiduguri, Borno State, Nigeria. Red blood cell (RBC), white 
blood cell (WBC), packed cell volume (PCV), haemoglobin concentration (Hb), lymphocytes, 
monocytes, eosinophils and platelets. The serum was analyzed for Total protein (TP), Aspartate 
Aminotransferase (AST), Urea, Creatinine, Alkaline phosphate (ALP), Cholesterol, Albumin, glucose 
and, Alanine Aminotransferase (ALT). Water quality parameters were analyzed weekly using standard 
methods by Boyd and Tucker (1998) and in situ measurements were done for dissolved oxygen, pH 
and temperature using a multi-parameter water quality meter (BICASA model B.E.104) and mercury 
thermometer. Nitrate was determined in the laboratory as described by APHA (1995).
Growth performance data were analyzed using T-test, while data resulted from haematological and 
water quality parameters were subjected to one-way ANOVA at P<0.05 for significance differences 
among groups. Differences between means were further analyzed using Fisher's LSD at P<0.05. 
Analyses were carried out using SPSS software statistical program version 20.0 (SPSS Inc., Chicago, 
IL, United States of America).

RESULTS
Growth performance and survival rate of juvenile Clarias gariepinus raised in different water-use 
management are presented in Table 1. After 84 days of feeding, the mean final weight (54.86±7.94 g 
fish-1) and weight gain of fish (50.11±8.65 g fish-1) raised in static renewal (SRS) tanks was slightly 
lower than fish raised in flow-through (FTS) tanks. However, the specific growth rate (1.31±0.15 g 
day-1), feed intake (38.08±24.75 g fish-1) and feed conversion ratio (1.81±0.54) of fish in SRS tanks 
were higher (p>0.05) than the ones in FTS tanks. No significant differences in survival rate were 
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revealed between fish in SRS and FTS tanks (p>0.05). Table 2 show the effects of different water-use 
management on haematological and serum biochemical parameters of juvenile C. gariepinus reared for 
84 days. Notably, higher white blood cells (9.70±1.00 x106 l-1), haemoglobin (11.60±1.84 g dl-1) 
packed cell volume (35.00±6.00 %) and monocytes (57.00±2.00 %) were seen in the group raised in 
FTS tanks compared to those in the 

Table 1. Growth performance parameters of juvenile Clarias gariepinus reared in static renewal and 
flow-through system for 12 weeks

Parameters Treatments

SRS FTS P-value
Initial mean weight (g fish-1) 4.75±1.40 4.75±1.54 0.99
Final mean weight (g fish-1) 54.86±7.94 57.27±9.13 0.38
Mean weight gain (g fish-1) 50.11±8.65 52.52±8.68 0.36
Specific growth rate (g day-1) 1.31±0.15 1.28±0.16 0.66
Feed intake (g fish-1) 38.08±24.75 35.39±22.91 0.69
Feed conversion ratio 1.81±0.54 1.39±0.33 0.31
Survival rate (%) 82.60±1.42 80.50±2.13 0.40

SRS Static renewal system, FTS Flow-through system

Table 2. Haematology of juvenile Clarias gariepinus reared in static renewal and flow-through 
system for 12 weeks

 

Parameters

Treatments

Initial SRS FTS

Red blood cell (x 106 l-1) 85.50±3.60a 86.00±10.10a 96.67±17.60a

White blood cell (x 109 l-1) 4.80±1.00b 4.90±0.70b 9.70±1.00a

Packed cell volume (%) 24.00±3.00b 30.00±4.36ab 35.00±6.00a

Hemoglobin (g dl-1) 7.95±1.31b 10.00±2.00ab 11.60±1.84a

Neutrophils (%) 58.00±4.51a 53.00±3.72a 39.67±2.55b

Lymphocyte (%) 0.50±0.05a 0.35±0.05b 0.33±0.04b

Monocytes (%) 38.50±1.77c 46.00±1.61b 57.00±2.00a

Platelets (x 109 l-1) 3.00±0.61a 1.03±0.08b 0.30±0.07c

SRS Static renewal system, FTS Flow-through system

initial and SRS tanks. The initial lymphocytes (0.50±0.05 %) and platelets (3.00±0.61 %) were 
markedly higher than the ones in fish from experimental groups. The neutrophil level (39.67±2.55 %) 
of fish in FTS tank was significantly lower (p<0.05) than the ones in initial and SRS tanks. No 
significant difference in red blood cell count between initial and experimental groups. Fish in FTS 
tanks had significantly higher total protein, while glucose in SRS tanks rose (p<0.05) above the initial 
and FTS groups (Table 3). There was no significant difference between the albumin, cholesterol and 
creatinine contents of fish in the experimental groups and initial, respectively. Fish raised in FTS tanks 
had significantly lower AST (77.00±5.00 IU l-1) and ALT (18.00±3.00 IU l-1) contents compared to 
those in initial and SRS group. Urea level was significantly lower in experimental groups than the initial 
value. Whereas, glucose level in fish from treatment groups were significantly surpass (p<0.05) the 
initial value. 
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Table 3. Serum biochemistry of juvenile Clarias gariepinus reared in static renewal and flow-through 
system for 12 weeks

Parameters

Treatments

Initial SRS FTS

Total protein (mg dl -1) 58.50±1.08b 66.00±2.23b 121.00±11.07a

Albumin (g l-1) 18.83±6.44a 12.00±1.00a 18.67±4.02a
Creatinine (mmol l-1) 32.00±0.50a 30.00±1.93a 30.00±1.28a

Cholesterol (mmol l-1) 307.00±6.18a 307.00±12.00a 292.00±26.00a

Glucose (mmol l-1) 2.10±0.17c 6.50±0.44a 4.70±0.18b

Urea (mmol l-1) 1.60±0.08a 1.40±0.08b 1.20±0.0.10c

AST (IU l-1) 97.50±2.50a 99.00±4.00a 77.00±5.00b

ALT (IU l -1) 26.50±1.50a 24.00±1.00a 18.00±3.00b

ALT alanine aminotransferase, AST aspartate aminotransferase, SRT Static renewal system, FTT: 
Flow-through system.
The physicochemical parameter analysis in both treatment groups indicated no significant difference 
(p>0.05) in all the parameters investigated in the study (Table 4). However, the values of dissolved 

-1 -1oxygen (4.39±0.46 mg l ), pH (7.12±0.30), nitrate (9.38±0.18 mg l ), and temperature 
o(26.69±0.85 C) were marginally higher in FTS tanks than those in SRS tanks.

Table 4. Water quality parameters measured in static renewal and flow-through systems during the study.

Parameters
Treatments

SRS FTS P-value
Dissolved oxygen (mg l-1) 3.46±0.49 4.39±0.46 0.84
pH 6.97±0.44 7.12±0.30 0.27
Temperature (oC) 26.62±0.87 26.69±0.85 0.78
Nitrate (mg l-1) 8.51±2.05 9.38±0.18 0.59

SRS Static renewal system, FTS Flow-through system

DISCUSSION
The fish growth performance in present study revealed marginally higher weight gain in FTS tank, 
which differs from the findings of Omitoyin (2003) where fish raise in flow-through system had 
significant higher weight gain (3.73±0.27g) compared to static renewal system (2.35±0.32g). in the 
same vein, Ogle and Solangi (1982) also found that Fundulus grandis grown in an outdoor flow-through 
system have higher weight gain (1009±0.93 mg) compare to those reared in an outdoor static system 
that had 899±0.83 mg. The specific growth in the current study is however slightly lower in fish reared 
in FTS tanks. This finding contrast with the previous study by Omitoyin (2003) who reported 
significant high Specific growth rate in fish raised in flow through system (4.57±0.35%) compare to 
those raised in aerated and static renewal system with 3.44±0.40% and 3.20±0.36% respectively. This 
disparity could be attributed to variability in the number of hours of flow-through used in both studies. 
The best feed conversion ratio found in FTS in this study are in consonance with the findings of 
Omitoyin (2003) who found significant higher Feed conversion ratio in fish grown in flow-through 
system as compared to those reared in static renewal system. The mean survival rates in the current 
study concurs with the results of Omitoyin (2003) who recorded high survival rates with no significant 
variations between treatment groups. Ogle and Solangi (1982) however reported significantly higher 
survival rate in static renewal system compared to other treatment groups.

Among all the haematological parameters tested in the present study, white blood cells, packed cell 
volume, haemoglobin and monocytes were comparatively higher in fish reared FTS. According to 
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Olanrewaju et al. (2023), WBC counts has implication for immune responses and the ability of the 
animal to fight infection. Hence, the increase in WBCs count in fish from flow-through system indicate 
stress condition in that culture treatment, and this is supported by Roberts (1978). The fluctuations in 
the hours of flow-through daily might be stressful to the fish and resulted in high WBCs count. The red 
blood cells show no significant difference between experimental groups and initial value. This probably 
mean there is no infections related to viral, bacterial and/or parasitic in the culture environment due to 
water conditions (Olanrewaju et al., 2023). In the present study, the fish in FTS show elevated total 
protein compared to those in SRS and initial. The high total protein value in FTS group could be 
associated with a stronger innate response due to stress in those fish (Wiegertjes et al., 1996). Further, 
the results of the current investigation revealed no significant difference in creatinine, cholesterol and 
albumin levels between treatment groups and initial. This implies that there is no factor affecting the 
liver and kidney of the fish due to water conditions in the study. The current findings showed an 
increased level of dissolved oxygen, temperature, pH and nitrate in the water from the flow-through 
system as compared to the water in the static renewal tank, though not significant. The mean values of 
water parameters observed in this study fell within the acceptable range for good growth performance 
and survival of African catfish under culture (Omitoyin, 2007; Boyd and Tucker, 1998).

CONCLUSION
In conclusion, the water-use systems in the study influenced some haematological and serum analytes 
of juveniles Clarias gariepinus, but growth was not affected. These results suggest that fish can grow 
well in both systems, but with different physiological responses.
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INTRODUCTION
Stocking density affects fish growth and productivity in the aquaculture industry; therefore it is 
important to check its effects to ascertain the appropriate stocking density that enhances adequate 
nutrient utilization, growth and survival for fish species. According to Ellis et. al., (2002) “... the term 
'stocking density' refers to the concentration at which fish are initially stocked into a system” (sensu 

ABSTRACT
This study investigated the management of Widehead Catfish 
(Clarotes laticeps, RÜPPEL, 1829) fry at different stocking densities 
in indoor Recirculatory Aquaculture System (RAS) for a period of 
eight weeks. The culture of Widehead catfish is gradually gaining 
popularity nationwide, therefore there is need to investigate its 
appropriate stocking density. A simple 4000 Litres RAS technology 
was developed, built and evaluated for this study. Clarotes laticeps 
fry of 0.16g mean weight were reared in indoor recirculating tanks 
(1m3 ) at stocking rates of 500, 1000 and 1500 fry/m3 designated as 
treatment LD, MD and HD. The experiment was replicated and fish 
were fed at 4% body weight with 42% crude protein diet in four 
installments daily. The results indicated increased mean body weight 
gain and SGR with increasing stocking density. However, high growth 
performance in weight gain (45.42±9.00), SGR (3.00±0.00) and 
FCR (0.81±1.10) were obtained in treatment HD. The lowest FCR 
(0.81±1.10) value was obtained in HD but show no significant 
difference (p>0.05) to other treatments. The percentage of 
Shooters (%) were also observed to be low (20.5±0.67) in HD as 
compared to values obtained for LD and MD. Stocking densities did 
not significantly affect (p>0.05) the percentage survival of the fish in 
all treatments. Results of Water quality parameters indicated an 
optimum water quality for growth and survival of Widehead catfish 
throughout the experimental period. This study revealed that, the 
stocking density of 1500 fry m3 is recommended for efficient feed 
utilization, optimum growth performance and survival in RAS.

Keywords:
Recirculatory Aquaculture
System (RAS), Widehead
catfish, growth performance,
stocking density
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strictu). However, most often, the term is used to describe the density of fish at any time. It may thus 
be understood as a dynamic factor, since the actual density increases or decreases as the fish grow or are 
removed from the rearing volume. Fish species in aquaculture are stocked at very different densities, 
typically ranging from < 10 to 100 kg m- 3 (Baldwin, 2011).  This widely varies due to the different 
needs and/or tolerances of the respective species. Similarly, the impact of a specific stocking density on 
the species' welfare may differ as well (Baldwin, 2011). Increasing stocking density ensures the 
optimization of fish production with the recent development of intensive aquaculture. However, high 
stocking density has been considered as stressor in the aquaculture (Li et. al., 2021). Increase in 
stocking density intensifies competition for space and food among individuals within populations. 
These affects fish feeding, physiology, growth, behavior, metabolism, and immune function (Dai et. al., 
2011). Metabolic rate and feeding behavior of fish are affected by high stocking densities especially if 
the metabolic products and wasted feed are left within the culture system, they deteriorate the culture 
water leaving negative impact fish health (Li et. al., 2021). Aquaculture development and productivity 
in Africa is severely constrained by rearing single fish species, water, adequate land, and environmental 
concern. Recently, the inadequate water supply in required quantity and quality for aquaculture 
threatens the future development of aquaculture in Africa. Water conservation and reuse has become a 
major issue that need to be addressed for continuous and stable aquaculture. Water reuse systems have 
been developed for fish culture since the 1960s (Martins et. al., 2010a). Recirculatory Aquaculture 
System (RAS) are systems used for rearing aquatic organisms; this culture system functions on 
continuous cleaning of water for reuse after undergoing treatment. They are system that employs 
intensive mechanical, biological, chemical filtration and other treatment steps to achieve high rates of 
water reuse, (Martins et. al., 2010a). To sustain fish production from aquaculture, particularly for food 
protein, introduction and studies on the breeding and rearing conditions of new fish species into 
aquaculture should be strongly encouraged (Alabi et al., 2022). The widehead catfish Clarotes laticeps 
(Rüppel, 1829) was selected for this study. There is paucity of information on the stocking density and 
growth performance of widehead catfish in captivity. This fish species is one of the highly sought after 
freshwater fish species in Africa. It is an anadromous fish which usually stay in the tropics (20oC – 
26oC) and mostly found in African water bodies such as Rivers Niger, Benue, Nile and Lakes Volta and 
Chad (Alabi et al., 2022). It is a seasonal fish but found in abundance in the rainy season, feeding on 
crustaceans, insects, mollusks and small fish (Alabi et al., 2022). A specimen of Widehead Catfish 
(Clarotes  laticeps, Rüppel, 1829) weighing up to 10kg and having up to 80cm standard length has been 
reported by Lewis and Wehr (1976). This study therefore aimed to determine the appropriate stocking 
density for efficient nutrient utilization, optimum growth performance and survival of widehead 
catfish in captivity. The outcome of this study can supply the necessary information required on the 
stocking density that enhances efficient nutrient utilization, optimum growth performance and 
survival of widehead catfish in Recirculatory Aquaculture System (RAS).

MATERIALS AND METHODS
Six (6) live samples (3 male and 3 female) of Widehead catfish (Clarotes laticeps) brood stock 
(700grams average weight) were obtained from Fishermen in Wadata, Benue State. Nigeria. Samples 
were identified and transported with an open head 50litre gerican to Joseph Sarwuan Tarka University 
Fish Farm, North Bank, Makurdi. Benue, State. Nigeria. Fish samples were stocked in earthen pond 
(5m3) and fed Altech Coppens (42%c.p) GmbH Deller Weg14, 41334, Germany) diet for 12 weeks 
(December 2022 - February, 2023). Fish samples were transported in aerated water to Korex Aquatics 
Farms, North Bank, Makurdi. Benue State Nigeria, were they are further stocked and fed 42%c.p diet 
for additional 16 weeks (April – July, 2023) in an earthen pond (15m3).  During the peak of the season 
(July), The Widehead catfish broodstocks were sampled, selected and isolated for induced breeding 
using Ovaprim® at 0.5 ml/kg body weight of fish. The eggs were artificially stripped, inseminated and 
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incubated in aerated Recirculatory plastic tanks (400L) at 2.0 ft water depth and managed as described 
by Viveen et al. (1985). After 48 hours of incubation, the hatchlings were observed and fed to satiation 
with 0.2-0.3mm (45%c.p) dry commercial feed at intervals of 4hrs for 7 days and later fed with 
0.3mm-0.5mm) for 7 days. 9000, fourteen-days-old hatchery-raised fry were randomly distributed 
into a Solar powered recirculatory system indoor plastic rearing tanks (400L) connected to a common 
biofilter, sedimentation unit and settling tank. Water was recirculated between the filter and the tanks 
using 25W pump powered by 330w solar panel, 1.5kva inverter and 200amp dry cell battery as backup. 
For oxygen concentration supply, the recirculation system was provided with a by-pass connection for 
continuous return of water within the pump tank for aeration at a flow rate of 15L/min. Oxygen 
concentration, pH and water temperature were monitored in each tank using JBL Testlab freshwater 
aquaculture test kit (Made in Germany). Three treatments with replicates were established: (1) Low 
density (LD: 500 fry/tank), (2) Medium density (MD: 1000 fry/tank) and (3) High density (HD: 
1500 fry/tank). The fry were fed 45% crude protein diet four times daily (morning: 08:00 and 12:00 h 
and evening: 16:00 and 20:00 h) in split-rations at 5% body weight for eight (8) weeks. The water 
volume in the entire rearing unit were kept and maintained at ¾ to prevent fish from jumping out. 
Feeding began a day after stocking the fry. The experimental fish were fed 0.3-0.5mm (2 weeks), 0.5-
0.8mm (2weeks) and 0.8-1.2mm (4weeks) commercial pellet feeds (Coppens™). During the eight (8) 
week experiment, random samples of 20 fish were measured and weighed weekly from each tank. Fish 
were weighed using electronic digital balance (METLER TOLEDO AB54, CAPACITY Max. 5000 g; 
Min. 10 mg) and total length taken in centimeters using meter rule, after being scooped out with a hand 
net and drained. Food Conversion Ratio (FCR), Mean Growth Rate (MGR), Specific Growth Rate 
(SGR) and Mean Live-Weight Gain (MWG) were calculated as follows: MGR=W2-W1/ 0.5 (W1 
W2) X 100-day/1 Where, W1 = Initial weight, W2 = Final weight, d = stock density, 0.5 = Constant. 
SGR %/day= (loge W2 - loge W1)/ T2 - T1 100; Where, W2 and W1 represent final and initial weight 
of fish, T1 and T2 represent final and initial time (days), Loge represent Natural log to base. FCR= 
Weight of dry feed fed (g)/ Live weight gained (g), MWG= Mean final weight - Mean initial weight; 
PWG= Mean weight gain/initial weight gain x 100, SR (%) = Total number of fish harvested/ Total 
number of fish stocked X 100.
The data collected was subjected to statistical analysis using IBM SPSS 23. Statistical differences 
between variable was tested using one-way ANOVA and Duncan's Multiple Range Test, DMRT and 
significance levels set at p<0.05 

 RESULTS AND DISCUSSION
The result of growth performance and survival of Widehead catfish Clarotes laticep fry reared in 
indoor solar powered recirculatory system at different stocking densities is presented in Table 1. The 
results revealed that the stocking density at which fish were cultured significantly (p0.05) affected the 
final body weight, Mean Growth Rate (MGR), Specific Growth Rate (SGR) and final Weight Gain 
(MWG), except Food Conversion Ratio (FCR). Fish kept at high stocking density (HD) had a greater 
absolute growth (45.58±3.46) in comparison to others. The mean final weight gain for fish was also 
found to be highest (45.42±9.00) in treatment HD followed by fish in treatment MD (37.43±6.10) 
and treatment LD (33.19±4.15), respectively. Among the treatments, food conversion ratio was 
observed to be relatively higher in MD (0.94±0.65). Several authors have reported on the survival of 
African catfish which has again been differently described. In the present study, the LD stocked fish 
showed the weakest growth performance, significantly lower to the growth performance of HD 
stocked fish For instance, Toko et. al., (2007) reported increased growth performance with increasing 
extensive stocking densities (4–8 fish m- 3) of juvenile African in ponds. Consequently, this study 
contradicts conclusions regarding the influence of stocking density on growth of catfishes as reported 
by several previous studies (Wang et. al., 2017); in this case, widehead catfish fry tend to grow slightly 
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higher under high stocking densities than under Low density conditions in indoor RAS culture. 
However, other studies have reported lower growth with increasing densities in juveniles of approx. 
30–100g in tanks at 35–125 kg m- 3 (Wang et. al., 2013; Wang et. al., 2017) . According to Toko et. al., 
(2007) stocking density can impact growth in early developmental stages (larvae) of African catfish. Li 
et. al., (2021) pointed out the heterogeneity of studies regarding the effect of stocking densities on 
growth. This was also visible when comparing the FCR (Table 1). The mean number of fast growers 
(Shooters) was found to be highest in treatment LD while, treatment HD recorded the least. At the 
end of the study, significant high survival was recorded in HD (95±0.095±0.06), Akinwole and 
Faturoti (2007) described a survival rate of 75–93% (conversely, 7–25% mortality) for different 
developmental stages in commercial RASs which is within the range obtained in this study. Results of 
the weekly Water-quality parameters as presented in Figure 1 indicated that the tested parameters 
were relatively stable throughout the experimental period. Water temperature ranged between 
26.0oC and 28.5oC. The minimum Dissolved oxygen was recorded at week 8 (4.2 mg/L) and the 
highest at week 4 (6mg/L). The recorded highest pH value of the culture water was at week 7 (8mg/L). 
However, values obtained for Conductivity, Ammonium, Nitrate and Nitrite water parameters were 
observed to be within the tolerable limits for catfish growth and health which was in agreement with 
Alabi et. al., (2022) on Widehead catfish pond culture, they reported that detrimental fluxes in oxygen 
levels were largely eliminated which agrees with those found in this study. Indeed, dissolved oxygen 
remained above the tolerable limit throughout the study and never dropped to a critical level.  

Table 1: Growth performance and nutrient utilization of Widehead catfish (Clarotes laticeps) cultured 
at different stocking densities in RAS for eight (8) weeks

Values are mean of 3 replicates ±SD, Means across the same row differently superscripted differ 
significantly (p<0.05), LD: Low density, MD: Medium density, HD: High density

Parameters Stocking DensityLD(500)
MD(1000)

HD(1500) p-value

Mean Initial weight (g) 0.16±0.04 0.17±0.05 0.16±0.05 0.94
Mean Final weight (g) 33.35±2.65            37.60±2.77            45.58±3.46 0.78
Mean weight gain(g) 33.19±4.15 37.43±6.10 45.42±9.00 3.55
Mean weight gain (%) 20743.75±39.50 22017.64±40.00 28387.50±47.10 39.60
Feed Intake(g) 129.00±12.48 130.50±18.48 155.50±11.00 5.20
Protein Intake 55.47±0.50            56.12±1.10 65.31±0.48 0.70
Specific Growth Rate 2.79±0.00 2.90±0.01 3.00±0.00 0.55
Feed Conversion ratio 0.93±0.70 0.94±0.65 0.81±1.10          1.25

0.52±1.90 0.54±1.68 0.53±1.68 1.15
Shooters(%) 38.0±0.55 43.5±0.18 20.5±0.67 0.58
Survival(%) 90±0.17 90±0.22 89.5±0.06 0.62

Figure 1: Weekly water quality parameters
of culture water used in rearing Widehead
catfish (C. laticeps) for eight weeks

Plate 1: Sample of Widehead Catfish
(C. laticeps)  broodstocks obtained from
Lower River Benue for the study
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CONCLUSION AND RECOMMENDATION
The growth rate and survival of Widehead catfish were high at all stocking densities. However, at the 
end of this study, HD (1500fry/m3) had significantly higher weights than the LD and MD fish. This 
study demonstrated that particularly for early fry life stages of Widehead catfish, increasing stocking 
density influences growth performance. In addition, further investigation revealed evidence of the 
influence of high stocking density on survival rate without adversely affecting the optimum water 
quality parameters for growth and health of the studied fish species. We therefore suggest an adoption 
of (1500fry/m3) stocking density during the growth phases of Widehead catfish after size-grading in 
aquaculture to enhance production efficiency and fish welfare.

ACKNOWLEDGEMENT
Special thanks to the supervisory team during my PhD study at Joseph Sarwuan Tarka, University. 
Makurdi. Benue State, led by Prof. S.G. Solomon whose expertise, patience and guidance helped 
shaped this project. My sincere appreciation goes to Dr. Oladimeji A.S, for his tireless efforts, 
collaboration and encouragement throughout this journey.

REFERENCE
Akinwole, A.O. and Faturoti, E.O. (2007). Biological performance of African Catfish (Clarias gariepinus) 

cultured in recirculating system in Ibadan. Aquaculture Engineering. , 36, 18–23. 
Alabi K. I.,Solomon. S.G, Obande, R.A, Cheikyula,  J.O., Vihi, S.K., Alamanjo, C.C and Ocholi. O.O. (2022). 

Rearing water quality parameters for widehead catfish Clarotes laticeps (Ruppel, 1829) in pond 
aquaculture. Nigerian journal of Animal production. 1762-1765

Baldwin, L. (2011). The effects of stocking density on fish welfare. Plymouth Student Science., 4, 372–383. 
Dai, W., Wang, X., Guo, Y., Wang, Q. and Ma, J. (2011). Growth performance, hematological and biochemical 

responses of African catfish (Clarias gariepinus) reared at different stocking densities. African 
Journal Agriculture Research.  6, 6177–6182.

Ellis, T. North, B. Scott, A.P. Bromage, N.R. Porter, M. and Gadd, D. (2002). The relationships between 
density and welfare in farmed rainbow trout. Journal Fish Biology, 61, 493–531. 

Lewis W.M, and Wehr L.W. (1976). A fish-rearing system incorporating cages, water circulation, and sewage 
removal. Progressive Fish Culture 38(2):78–81. https://doi.org/10.1577/1548-
8659(1976)38[78: AFSICW] 2.0.CO;2

Li, L. Shen, Y. Yang, W. Xu, X. and Li, J. (2021). Effect of different stocking densities on fish growth performance: 
A meta-analysis. Aquaculture, 544, 737152. 

Martins C.I.M, Ochola D, Ende S.S.W., Eding E.H., and Verreth J.A.J (2010a). Is growth retardation 
present in Nile tilapia Oreochromis niloticus cultured in low water exchange recirculating 
aquaculture systems. Aquaculture 298:43–50. https://doi.org/10.1016/j.aquaculture.2009.09.030

Rüppel, (1829). World checklist of Freshwater Fish species. In: Tedesco, P., Leveque, C., Oberdorff, T., 
Paugy, P. and M.L.J stiassny (2010). Worldwide electronic publication. Available online 
athttp://fada.biodiversity.be/group/show/52 

Toko, I. Fiogbe, E.D. Koukpode, B. and Kestemont, P. (2007). Rearing of African catfish (Clarias gariepinus) 
and vundu catfish (Heterobranchus longifilis) in traditional fish ponds (whedos): Effect of 
stocking density on growth, production and body composition. Aquaculture 262, 65–72.

Viveen, W.J.A.R., C.J.J. Ritcher, P.G.W.J. Van Oordti, J.A.L. Janssen and E.A. Huisman, (1985). Practical 
Manual for Culture of African Catfish Clarias gariepinus. The Netherlands Ministry for Development 
Cooperation, The Hugue, Netherlands, Pages: 121

Wang, X. Dai, W. Xu, M. Pan, B. Li, X. and Chen, Y. (2013). Effects of stocking density on growth, 
nonspecific immune response, and antioxidant status in African catfish (Clarias gariepinus). 
Isreal Journal of Aquaculture. Bamidgeh , 65, 1–6. 

761



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Wang, X.M., Gao, J.W., Xu, M., Mo, B.L., Dai, W. and Chen, C.H. (2017). Responses of growth rates and 
growth hormone levels of African catfish (Clarias gariepinus) to stocking density. Iran Journal 
Fisheries Science (16), 698–710. 

762

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

EFFECTS OF WATER AERATION ON GROWTH PERFORMANCE, 
CONDITION FACTOR AND HAEMATOLOGY OF Clarias gariepinus 
FINGERLINGS RAISED IN INDOOR CONCRETE TANKS

Olanrewaju A. N., S. Ebenezer, and A. G. Asheik

1
Department of Fisheries Technology, Federal College of Freshwater Fisheries Technology Baga, P.M.B. 

1060 Maiduguri, Borno State, Nigeria

Corresponding author:
arogidigbaonline@yahoo.com

INTRODUCTION
Good culture environment is highly significant to optimum production in terms of growth 
performance, survival and meat quality. It constitutes a stress-free environment that prevent fish from 
any infraction that shortchange production. An optimum culture environment allow fish to feed 
optimally with best feed conversion ratio, which transform into higher productivity and better 
efficiency in the use of resources (FAO, 2022). In relation to this, Chainark and Boyd (2010) stated 
that the quality of water used in aquaculture influences feeding, growth, disease burden, and survival. 
In fish production, the cumulation of good growth performance, best feed conversion ratio and 
disease-free environment leads to high economic gain, which is the ultimate goal of every farmer. For 
these reasons, aquaculturists strive to attain such an optimum condition through different 
manipulations in water-use management. 
African catfish, an important economic freshwater fish species is reared in ponds (earthen, concrete, 
fibre and/or plastic) under intensive or semi-intensive culture system. Most farmers use semi-intensive 
ponds where static renewal and flow-through systems become an option for water-use management. 
The use of either static or flow in pond system is expected to produce optimal growth and survival of 
fish, because there is enhanced dissolved oxygen. Mohanty (2001) however, noted that aeration is 

ABSTRACT
The aim of this study was to determine the effect of water aeration on 
the growth performance, condition factor and haematology of 
fingerlings of African catfish. Clarias gariepinus fingerlings with 
initial mean weights of 4.74±1.63 g was stocked (50 fish each) in 
four indoor concrete tanks (5.28 m3) and were conditioned under 
two different treatments; aerated static renewal (ASR) and aerated 
flow-through (AFT) systems. After 84 days of feeding, results 
showed significantly higher dissolved oxygen (5.75±1.02 mg l-1) but 
low pH (6.84±0.42) was recorded in AFT tank, while elevated 
specific growth rate (1.35±0.16 g day-1) was however observed in 
ASR tank. The mean weight gain (51.24±9.86 g fish-1), mean length 
gain (11.68±1.83 cm fish-1), and condition factor (0.66±0.07) were 
slightly higher in fish from ASR tank. Fish from ASR tank showed 
best feed conversion ratio (1.59±0.33) but low survival rate 
(84.00±2.13 %) (p>0.05). The packed cell volume, haemoglobin, 
total protein and glucose in fish from experimental groups were 
significantly above the initial values. In conclusion, the treatment had 
significant effect on water quality and haematology but marginal 
effect on growth performance. 

Keywords:
Aeration, static renewal,
flow-through, growth,
haematology, African catfish
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required in semi-intensive ponds for higher dissolved oxygen in the pond system. Aeration provides an 
oxygen-rich environment in the pond, which promote healthy habitat for good growth, wellbeing, and 
survival of fish. Further, the environmental condition of the fish is closely related to its growth and 
health status (Esmaeili, 2021). The author maintained that a fish with a higher growth rate is more 
likely to be a healthy one, while any change in the physiological status of the fish, from pollution to 
nutritional stress, can cause changes in the blood parameters.
Few studies regarding the effect of water aeration for catfish growth are available (Ojeikere and 
Okonji, 2020; Mark et al., 2019; Omitoyin, 2003). This current investigation attempt to evaluate the 
effect of aeration in static renewal and flow-through systems on growth, condition factor and 
haematology of African catfish juveniles. The need to encourage and sustain fish farming in arid-zone, 
Nigeria to make aquaculture more reliable and resilient prompted this study with a view of 
recommending strategies to fish farmers, particularly in Maiduguri, Borno State. 
MATERIALS AND METHODS
The research was conducted at the indoor fish hatchery complex of Federal College of Freshwater 
Fisheries Technology, Baga, Borno State, Nigeria over the duration of 84 days. Four indoor concrete 
tanks (5.28 m3) were used for the study to constitute two treatments and two replications in a 
complete randomized design. Fifty juveniles Clarias gariepinus (average weight; 4.74±1.63 g) each 
were stocked in the experimental tanks. The treatments include static renewal with aeration (ASR) 
and flow-through with aeration (AFT). Water in ASR tanks was changed twice weekly and aerate 6 
hours daily, while AFT have 6 hours flow-through with 6 hours mechanical aeration daily. The fish were 
fed with commercial feed at 3% bodyweight of biomass, administered twice daily (0800 and 1700 h). 
The biological parameters including absolute length of fish, weight gain, specific growth rate, feed 
conversion ratio survival rate, water quality and analysis of blood profile were observed. The 
calculation of the variables- growth performance according to (Akinwole and Faturoti, 2006), 
condition factor according to (Pauly, 1984), blood profile according to (Svobodova et al., 1991), and 
water quality (dissolved oxygen, pH, temperature and nitrate) according (APHA, 1995). The weight 
gain, specific growth rate, feed conversion ratio and survival rate were calculated for each treatment as 
follow: 
Mean weight (MWG, g): MWG= final mean weight - initial mean weight

Specific growth rate (SGR, %/day): SGR=

Food conversion ratio (FCR): FCR =

Survival rate (SR , %): SR=

Blood samples (2 mL) were extracted and dispensed into a sample bottle containing Ethylene Diamine 
Tetra-acetic Acid (EDTA) anticoagulant for haematological studies while 3 mL was transferred into 
non-heparinized tubes to obtain plasma for biochemical analysis. Haematological assay was carried out 
at the NAFDAC Office, Maiduguri, Borno State, Nigeria. Red blood cell (RBC), white blood cell 
(WBC), packed cell volume (PCV), haemoglobin concentration (Hb), lymphocytes, monocytes, 
eosinophils and platelets. The serum was analyzed for Total protein (TP), Aspartate Aminotransferase 
(AST), Urea, Creatinine, Alkaline phosphate (ALP), Cholesterol, Albumin, glucose and, Alanine 
Aminotransferase (ALT). The obtained data were tabulated and analyzed using T-test and one-way 
ANOVA at a 95% confidence level. Differences between means were further analyzed using Turkey's-b 
at P<0.05. Analyses were carried out using SPSS software statistical program version 20.0 (SPSS Inc., 
Chicago, IL, United States of America)
.

lnWt2-lnWt1

Culture period
x 100

total feed intake

total weight gain
final number of fish

initial number of fish
x 100
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RESULTS
The result in Table 1 indicated significant increase in dissolved oxygen level (5.75±1.02 mg l-1) of AFT 
tanks, while ASR tanks showed elevated pH level (7.31±0.33) (p<0.05). The values obtained for 
temperature (26.70±0.80 °C) and nitrate (10.04±0.88 mg l-1) were marginally higher in AFT tanks 
than those of ASR tanks. The growth performance indices of juvenile C. gariepinus reared in static 
renewal and flow-through with aerations is given in Table 2. The mean weight gain (51.24±9.86 g fish-
1), and mean length gain (11.68±1.83 cm fish-1) of fish in ASR tanks were marginally higher 
(p>0.05), but specific growth rate (1.35±0.16 g day-1) was statistically ascended (p>0.05). The best 
feed conversion ratio (1.59±0.33) was noted in fish from ASR tanks, though not markedly different 
those of AFT tanks. The fish in ASR tanks showed marginally higher condition factor (0.66±0.07), 
while survival rate of fish (88.20±1.57 %) was slightly higher in AFT tanks. 

Table 1. Water quality parameters measured in aerated static renewal and flow-through tanks during 
the study

Parameters
Treatments

ASR AFT P-value
Dissolved oxygen (mg l-1) 4.94±0.64 5.75±1.02 0.02*

pH 7.31±0.33 6.84±0.42 0.00*

Temperature (oC) 26.58±0.83 26.70±0.80 0.39
Nitrate (mg l-1) 8.93±1.73 10.04±0.88 0.13

ASR Aerated static renewal, AFT Aerated flow-through, *p<0.05.

Table 2. Growth performance indices of juvenile C. gariepinus reared in static renewal and flow-
through with aerations for 84 days

Parameters Treatments

ASR AFT P-value
Mean weight gain (g fish-1) 51.24±9.86 48.62±11.88 0.45
Mean body length gain (cm fish-1) 11.68±1.83 11.37±1.38 0.88
Specific growth rate (g day-1) 1.35±0.16 1.22±0.23 0.05*

Condition factor 0.66±0.07 0.63±0.15 0.41
Feed intake (g fish-1) 33.09±20.04 33.06±20.67 0.99
Feed conversion ratio 1.59±0.33 1.81±0.54 0.92
Survival rate (%) 84.00±2.13 88.20±1.57 0.12

ASR Aerated static renewal, AFT Aerated flow-through, *p<0.05.

Data on haematological parameters shown in Table 3 revealed no significant difference in differential 
leukocyte count (neutrophils, lymphocytes and monocytes) between experimental groups and initial 
values. Packed cell volume and haemoglobin were considerably high in experimental groups compared 
to the initial value. Significant high red blood cells and platelets were observed in initial and AFT group, 
while comparatively high white blood cell was spotted in initial value and ASR group. The ANOVA test 
showed that the treatment had a significant effect (p<0.05) on serum biochemical profile analyzed in 
the study (Table 4). Total protein and glucose level showed considerable increase in experimental 
groups when compared to initial values. Further, alanine aminotransferase and aspartate 
aminotransferase in aerated flow-through fish significantly rose above those in aerated static renewal 
and initial. However, albumin, creatinine, cholesterol and urea markedly progressed in aerated static 
renewal tanks as compared to AFT group and initial.  
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ALT alanine aminotransferase, AST aspartate aminotransferase, ASR Aerated static renewal, AFT 
Aerated flow-through, Means across the same row differently superscripted differ significantly 
(P<0.05). Values are means ± SD.

DISCUSSION
In the current study, growth expressed by mean weight gain was slightly higher in fish grown in ASR 
tanks than those from AFT system. This finding was comparable with the report of El-Sayed et al. 
(2023) that weight gain of Oreochromis niloticus fry reared in flow-through system did not 
significantly differs from those in blower aerated system. The result also agrees with the work of 
Okunsebor et al. (2015) on Clarias gariepinus hatchlings cultured in different enclosures. The authors 
found no significant difference in percentage weight gain of C. gariepinus fry reared in the aerated and 
non-aerated hapa and aquaria.  Similarly, fish reared in ASR had significantly high (P<0.05) specific 
growth rate (SGR) compared to those grown in AFT. The SGR in this study was in contrast with earlier 
findings of Ojeikere and Okonji (2020) who studied the effects of varied hours of aeration on the 
spawning success of African catfish (Clarias gariepinus). These authors report significant high SGR 
(0.17 g day-1) in fish reared in 12 hours aeration compared to those reared in lesser aeration hours in 
their study. Similar contravening result of significant high SGR (19.19 % day-1) in Heterobranchus 
bidorsalis fry raised in 12 hours aeration was reported by Dada et al. (2003). The feed conversion ratio 
(FCR) of fish reared in AST tanks was numerically better (P>0.05) than those in AFT tanks in this 
study. The results imply that fish in flow-through with mechanical aeration influenced the culture 

Table 3. Haematology of Juvenile C. gariepinus reared in static renewal and flow-through with 
aerations for 84 days

Parameters

Treatments

Initial ASR AFT

Red blood cell (x 106 l-1) 8.20±0.36a 5.70±0.60b 7.50±0.70a

White blood cell (x 109 l-1) 5.50±0.50a 6.20±0.40a 4.00±0.30b

Packed cell volume (%) 24.50±1.70b 32.00±4.00a 27.00±3.00ab

Hemoglobin (g dl-1) 8.15±0.15b 10.60±0.60a 9.00±1.50ab

Neutrophils (%) 46.33±3.25a 49.00±4.00a 50.00±9.00a

Lymphocyte (%) 51.50±1.50a 48.00±4.00a 46.00±5.00a

Monocytes (%) 2.00±0.50a 2.00±0.35a 3.00±1.00a

Platelets (x 109 l-1) 93.00±3.00a 76.00±6.00b 94.00±4.00a

ASR Aerated static renewal, AFT Aerated flow-through, Means across the same row differently 
superscripted differ significantly (P<0.05). Values are means ± SD.

Table 4. Serum biochemistry of juvenile Clarias gariepinus reared in static renewal and flow-through 
systems with aerations for 84 days

 

Parameters

Treatments

Initial ASR AFT

Total protein (mg dl -1) 39.00±6.00b 92.00±6.00a 89.00±7.00a

Albumin (g l-1) 15.00±4.00b 54.00±12.00a 16.33±0.77b

Creatinine (mmol l-1) 20.00±3.00b 38.00±7.00a 15.00±4.00b

Cholesterol (mmol l-1) 207.00±19.00b 246.00±15.88a 200.00±10.15b

Glucose (mmol l-1) 1.70±0.30b 5.00±0.90a 6.50±2.00a

Urea (mmol l-1) 0.90±0.13b 4.10±0.46a 1.00±0.23b

AST (IU l-1) 77.00±8.66b 67.00±6.08b 98.00±7.94a

ALT (IU l -1) 20.50±1.32ab 17.00±1.10b 22.00±3.00a
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system with negative impact on their feeding efficiency. The present observation gives credence to the 
work of Okomoda et. al. (2016) who studied the effect water renewal on growth of Clarias gariepinus. 
These authors found the best FCR in fish reared under daily water change (1.21±0.185) and water 
change every four days (1.26±0.035). 

In this work, no significant differences in survival rate were observed between fish grown in aerated static 
renewal and aerated flow-through system, but Ojeikere and Okonji (2020) observed a significant effect of 
varied hours of aeration on the survival of C. gariepinus fry. The current result was however concurred with 
the observations of Dada et al. (2003) who reported no significant differences in survival rate of 
Heterobranchus bidorsalis fry that received varying aeration hours. For haematology, the packed cell 
volume (PCV) and haemaglobin were markedly increased in fish reared in both experimental treatments 
compared to initial values. This slight increase in the PCV and haemoglobin of experimental fish could be 
attributed to the optimum oxygen concentrations found in both environments (Olanrewaju et al., 2023). 
The increase in white blood cell count (WBC) from fish from ASR tanks indicate some degree of stress 
condition in the culture treatment, and this is supported by Roberts (1978). Serum total protein and 
glucose levels in fish in experimental groups were significantly ascended above the initial values in the 
current study. This high total protein and glucose values in treatment groups could be associated with a 
stronger innate response due to stress in those fish (Wiegertjes et al., 1996). The current study also 
revealed a considerably elevated levels of albumin, cholesterol, creatinine and urea in fish from ASR group, 
and this could only be a signal to some physiological instability due to stressors (Bojarski et al. 2020). 
Further, the results of the current investigation showed significant increase in alanine aminotransferase 
and aspartate aminotransferase levels in fish grown in AFT group. This could be a signal to some factor 
affecting the liver and kidney of the fish due to water conditions in the tank. The dissolved oxygen and pH 
levels obtained in this study were significantly higher in AFT tanks than the levels observed in AST tank. 
However, all the investigated water parameters (DO, pH, temperature and nitrate) were within the 
required levels recommended for a successful fish growth, welfare and survival (Omitoyin, 2007; Boyd 
and Tucker, 2008).

CONCLUSION
The application of mechanical aeration in static renewal and flow-through systems had no significant 
effect on the weight gain, length gain, condition factor, feed utilization and survival rate of African 
catfish (Clarias gariepinus). Significantly higher specific growth rate was however observed in ASR 
tank, while elevate dissolved oxygen and pH was recorded in AFT tank. The study has further shown 
that aeration in both static renewal and flow-through systems constitute stress to the fish and cause 
some haematological imbalance. In conclusion, the treatment had significant effect on water quality 
and haematology but marginal effect on growth performance.
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INTRODUCTION
Aquaponics integrates aquaculture and hydroponic cultivation, where water circulates between the 
fish tank, biofilter, and hydroponic system. Fish waste becomes fertilizer for plants, while nitrifying 
bacteria convert ammonia to nitrate, which plants absorb (Rakocy, 1994; Nichols and Savidov, 2012; 
Wongkiew et al., 2017). This system enhances water use efficiency, reuses aquaculture wastewater, 
and avoids environmental pollution (Love, 2015; Endut et al., 2011). Aquaponics, adaptable to various 
scales and conditions, holds potential for urban agriculture (Palma, 2016). The main types include 
Media-Based Growing Bed (MBGB), Deep Water Culture (DWC), and Nutrient Film Technique 

ABSTRACT
Aquaponics integrates aquaculture and hydroponics, where fish 
waste fertilizes plants, and nitrifying bacteria convert ammonia to 
nitrate for plant absorption. The study investigated the performance 
of Catfish (Clarias gariepinus) and Green Spinach (Amaranthus 
hybridus) in three aquaponics system prototypes: Media-Based 
Growing Bed (MBGB), Deep Water Culture (DWC), and Nutrient 
Film Technique (NFT). The experiment was conducted in a solar-
powered 48m² greenhouse using locally sourced materials. Fish and 
plant growth metrics were assessed, with data analysed using One-
way ANOVA and Student's T-tests. Results indicated that the MBGB 
prototype had better performance than NFT and DWC systems. 
Catfish in MBGB achieved the highest weight gain of 169g, while 
Green Spinach in MBGB showed superior growth, including the 
tallest plant height (90.7 cm), highest stem diameter (0.99 cm), and 
largest fresh plant yield (26,010 g). the experiment lasted for two 
months. These findings are consistent with previous research, 
suggesting that MBGB is more effective in bioremediation and 
nitrogen utilization due to its volume-to-surface area ratio for 
microbes efficient. The study concludes that MBGB is the most 
efficient system for integrating Catfish and Green Spinach in 
aquaponics compared to NFT and DWC, supporting its potential for 
sustainable food production.

Keywords:
Aquaculture, Hydroponics,
Soilless, Catfish, Farming. 
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(NFT), each with distinct characteristics. MBGB is space-efficient but challenging to maintain, DWC 
offers easier cleaning and higher nitrate removal but requires additional components, and NFT is 
water-efficient but yields less (Goddek et al., 2015). Systems are either coupled, where water cycles 
back into the aquaculture system, or decoupled, allowing for better control over water quality at the 
cost of higher water use (Gibbons, 2020). MBGB is more efficient in nitrogen utilization and popular 
among small-scale operations but costly to maintain (Lennard & Leonard, 2006; Maucieri et al., 2018; 
Pattillo, 2017; Palm, 2018). NFT systems are less effective for larger crops due to potential root 
blockages and limited microbe support, making them suitable for smaller vegetable species (Cherif, 
1997; Engle, 2015). Green amaranth (Amaranthus hybridus L.), also known as slim amaranth or 
Smooth pigweed, is an annual plant from the Amaranthaceae family, characterized by erect growth, 
ovate to lance-shaped leaves, and a stout, grooved stem (Oluwole et al., 2019). Vegetables, including 
amaranth, are vital sources of macro and micro elements, essential for health and disease prevention 
(Asaolu et al., 2010; Robinson, 1990; Nnamani et al., 2007). This study aims to Design, Construct and 
test NFT, DWS and MBGB hydroponics system on the performance of African Catfish (Clarias 
gariepinus) and Green Spinach (Amaranthus hybridus).

MATERIALS AND METHODS
The experiment was conducted at Aso-aqua Integrated Bioresources Farm Ltd located in Kubwa, 
Abuja, Nigeria (9°1'6'' N, 7°19'58'' E). The aquaponics systems were constructed within a 48m² 
greenhouse powered by 1000-watt solar panels using locally sourced materials like IBC tanks, blue 
barrel drums, and PVC pipes. Nine IBCs were arranged in three replicates for rearing African catfish 
(Clarias gariepinus) in aquaponics systems. Each IBC tank (1000L) was divided into two (800L and 
200L) sections, with the larger section maintained at 750L for fish rearing. A total of 450 juvenile 
African catfish (12.00±2.21g, 15.32±0.12cm) were stocked at 50 per tank and fish indices were 
measured according to the method adopted by Okomoda, (2017). A 120W Resun air blower provided 
oxygen, and water loss was replenished via a pre-aeration tank. Tank openings were covered with a 20 
mm net to prevent fish escape, and tanks were painted black and covered to block sunlight and inhibit 
photosynthesis.

Fig 1: Prototype layout as used for the study. Plate 1: Side view of prototype unit

The system included a 200L sump/mechanical filter tank and a 50L biofilter, with a 2400 L/hour 
submersible pump adjusted to distributing fish effluent at hydraulic loading rate of 7.5L/hour. The 
Nutrient Film Technique (NFT) used 12 drainage pipes (4-inch, 10 feet long) with 16 holes each, 
fortified with Palm Kernel Shell (PKS) and husk to hold 6 plants per hole and 96plants per square 
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meter. The Deep-Water Culture (DWC) setup used -modified IBC tanks (200L) with perforated 
Styrofoam, while the Media Base Growing Bed (MBGB) used PKS prepared as described by Oladimeji 
et al. (2020b) the schematic diagram is depicted in (Plate 1, Fig 1). The water quality test was 
conducted I the laboratory, while Percentage removal of ammonia, nitrite, nitrate, Phosphorous and 
Potassium was calculated using the formula adopted by Effendi et al., (2015): Percentage (%) 
Reduction = (a-b)/b × 100, where 'a' is inlet concentration, and 'b' is outlet concentration. At the end 
of the experimental period, data were collected on the average length and weight of the fish. 
Additionally, Data collection for the yield parameters of the plants were initiated four weeks after seed 
germination and subsequently every two weeks according to the method specified by Cornelissen, et 
al. (2003). This includes the vine length, leave number, number of branches and plant yield. Data 
collected across different aquaponics prototypes was subjected to One-way analysis of variance 
(ANOVA), tested using the SPSS statistical package (SPSS Inc. v3.0 Chicago, Illinois) and where 
significant different were indicated, means where tested using Fisher Least Significant Different 
(LSD) and 95% confidence test at P= 0.05 significant.

RESULT AND DISCUSSION 
The results, as shown in Fig. 2, indicated that Catfish (Clarias gariepinus) reared in the Media-Based 
Growing Bed (MBGB) achieved the highest accumulative weight gain of 169g compared to the NFT 
(157g) and DWC (152g) systems at the end of 60 days of the experiment. The outstanding 
performances of MBGB could be attributed to system design efficiency in handling waste. These 
findings are consistent with previous studies by Mamat et al. (2016) and Schmautz et al. (2016), which 
reported better performance of Fish and vegetables in MBGB compared to NFT and DWC systems. 
Similarly, highest value was also recorded in MBGB for plant height (90.7 cm), number of leaves (86 
cm²), stem diameter (0.99 cm) and fresh plant yield (26,010 g), while the numbers of leave show no 
significant difference (P>0.05), (Table 1).

Fig 2: Cumulative Weight gain of Catfish in different Aquaponics system.    

Table 1: Growth Indices of Amaranthus in three Aquaponics  

Parameters Systems Design
MBGB NFT DWC

Plant height (cm) 90.70±36.90a 87.33±1.44b 85.53±17.84c

Leave area (cm2) 86.22±0.38ab 79.89±1.65a 62.35±4.77b

Number of leaves 24.80±0.52a 24.66±0.63a 24±1.00a

Stem diameter (cm) 0.99±0.08b 0.83±0.00a 0.74±0.14b

Fresh plant yield(gm-2) 26,010.00±32.10a 25,070.00±111.00b 24,170.00±132.00c

Means on the same row with different superscript are significantly different (p<0.05)

The water quality fluctuates throughout the study (Table 2), but are within the tolerant range for 
aquaculture system according to Ajani et al. (2011). Though the highest percentage of nutrient 
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reduction was recorded in MBGB (Fig 4) compared to DWC and NFT, indicating more nutrient 
absorption or utilization by Amaranthus hybridus in MBGB aquaponics system compared to others. 
The best performance of Clarias gariepinus and Amaranthus hybridus in MBGB may be attributed to 
volume-to-surface area ratio for microbes (Lennard & Leonard, 2006) provided by substrate media 
used. This result is consistent with previous findings by Oladimeji et al., (2020) which highlighted the 
successful production of pumpkin (Telfairia occidentalis) using various media substrate as grow beds in 
conjunction with African Catfish (Clarias gariepinus). 

Table 2: Water quality parameters recorded in the three Aquaponics systems.
System Point DO pH Temp NH3-N NO3 NO2 P K

DWC Inlet 4.96±0.00a 6.42±0.00a 25.83±0.03a 0.28±0.00a 125.40±0.00a 0.44±0.00a 0.94±0.00a 10.80±0.00a

Outlet 4.72±0.00a 6.32±0.00b 25.90±0.00a 0.26±0.02a 108.87±0.59b 0.42±0.00b 0.61±0.25b 09.52±2.38b

MBGB Inlet 5.14±0.10a 7.46±0.00a 25.81±0.00a 0.22±0.00b 129.06±0.00a 0.51±0.00a 1.42±0.05a 10.86±0.34a

Outlet 4.08±0.01b 6.14±0.02b 25.74±0.02b 0.14±0.02a 100.12±0.35b 0.42±0.00b 1.06±0.27b 08.46±0.71b

NFT Inlet 5.12±0.00a 6.46±0.00b 25.76±0.03b 0.29±0.00a 122.80±0.00a 0.44±0.00a 09.67±0.00a 1.06±0.00a

Outlet 4.94±0.00b 6.34±0.00b 25.53±0.00a 0.20±0.02a 119.33±2.05b 0.40±0.03a 08.91±0.10b 1.00±0.15b

Fig 4: Reduction percentages of Micro nutrient in the three Aquaponics systems.

While the Media-Based Growing Bed (MBGB) proof to be more efficient than the NFT and DWC 
systems in the production of Clarias gariepinus and Amaranthus hybridus, MBGB was also cost 
effective compared to NFT and DWC, in contrary to Lennard & Leonard, 2006; Maucieri et al., 2018; 
Pattillo, 2017; Palm., 2018, who alleged that MBGB to be more costly than NFT and DWC due to the 
cost of maintenance. Separate biofilter was provided for all the systems which prevented the systems 
from clogging and easy to maintained. Though similar materials cost were employed for the purchased 
and assembled of all the three systems (N580,000 each), except for the hydroponic support system.  
As a matter of fact, the Palm Kernel Shell (PKS) used as substrate media for MBGB was procured at no 
cost, it was source from the dumping site of palm oil milling industry, as a means of converting waste to 
wealth, while Polyvinyl Chloride (PVC) pipes (N62,000) and Styrofoam's (N25,000) used in NFT and 
DWC respectively increase the cost of construction.

CONCLUSION
MBGB system performed favourable compared to NFT and DWC, achieving the highest weight gain 
and exhibiting superior plant growth. These findings are consistent with previous studies as alighted, 
which emphasize the effectiveness of MBGB in aquaponics systems bioremediation. However, Further 
studies should include variety of indigenous vegetables and cultured fish as well as the economic cost 
analysis of various aquaponics systems.

Means on the same column with different superscript for each point, are significantly different (p<0.05).
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INTRODUCTION
Aquaculture, the cultivation of aquatic species, is a crucial industry for providing protein to human 
diets (FAO, 2020). Nile tilapia (Oreochromis niloticus) is a popular species in aquaculture due to its 
rapid growth, adaptability, and high market demand (El-Sayed, 2006). However, the expansion of 
tilapia farming faces challenges, particularly related to sex ratios and growth rates. Female tilapia, 
which reproduce prolifically and grow slower in high densities, can hinder production, while male 
tilapia exhibits faster growth and are preferred for monosex aquaculture (Guerrero, 2007).
Synthetic hormones are commonly used to induce sex reversal in tilapia, but their use raises 
environmental and health concerns due to potential contamination and adverse effects on consumers. 
Consequently, there is growing interest in finding environmentally friendly alternatives (Kristesen, 

ABSTRACT
This study was conducted to evaluate the efficiency of Carica 
papaya seeds extract in the production of all male Nile tilapia 
(Oreochromis niloticus) for a period of six months (March to 
September, 2023) using standard methods and procedures. A total of 
four hundred and eighty (480) newly hatched tilapia were collected. 
Carica papaya seeds were collected and extracted with methanol and 
hexane using a soxhlet apparatus. 17a -Methyltestosterone hormone 
was also purchased. The experiment consisted of a control and 7 
treatments in triplicates labeled as; Control, 17a -MT, 20mlCPM 
(20ml Carica papaya extracted with methanol per kg diet), 
40mlCPM (40ml Carica papaya extracted with methanol per kg 
diet) , 60mlCPM (60ml Carica papaya extracted with methanol per 
kg diet), 20mlCPH (20ml Carica papaya extracted with Hexane per 
kg diet), 40mlCPH 40ml Carica papaya extracted with Hexane per 
kg diet), 60mlCPH (60ml Carica papaya extracted with Hexane per 
kg diet), making a total of 24 aquaria, each consisting of 20 hatchlings. 
The treatments involved mixing the hormone and various 
concentrations of Carica papaya seed extracts per kilogram of the fish 
diet. The result of sex ratios in the various treatments shows that the 
negative control group (Control) which was fed with the basal diet 
only, had the lowest male to female sex ratio (M:F) of 2:1. There was 
significantly higher (p<0.05) males to female ratio of 7:1 in the 
positive control group fed with feed mixed with 17a -MT hormone. 
40mlCPM was able to skew the ratio in favour of males at 6:1. It is 
concluded that the 40mlCPM yielded the best result following the 
standard for the production of all male Nile tilapia and therefore 
recommended for usage by the fish farmers.

Keywords:
Nile tilapia,
17a-Methyltestosterone,
methanol, hexane,
Carica papaya, all male,
seed extract
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2017). Phytochemicals, such as those from Carica papaya seeds, offer a promising solution. Carica 
papaya seeds contain carpaine, an androgenic compound that may induce sex reversal in fish. The seeds 
are inexpensive, readily available, and non-toxic, making them an attractive alternative to synthetic 
hormones (Raji, 2018).
As regulations on chemical use in aquaculture increase, exploring safe, natural alternatives becomes 
essential. This study was aimed at assessing the effectiveness of Carica papaya seed extracts in 
producing all-male Nile tilapia (Oreochromis niloticus).

MATERIALS AND METHOD
Study Area, Sources of Seeds, Feeds, Hormone and Fishes
This study was conducted at the Fisheries Department of the National Biotechnology Development 
Agency (NABDA) in Katsina, Nigeria, from March to September 2023.Carica papaya seeds were 
collected from local markets and plantations in Katsina, while 17a-Methyltestosterone hormone was 
obtained from the Federal University, Dutsin-ma (FUDMA) Katsina State. Commercial fish feed was 
purchased in Katsina town. A total of four hundred and eighty (480) newly hatched Oreochromis niloticus 
were collected from the fish hatchery of National Biotechnology Development Agency, Katsina. 
Seeds and Feeds Processing
The Carica papaya seeds were washed, dried, and ground into powder, and then extracted with 
Methanol and Hexane using a soxhlet apparatus according to the procedure of Hussain et al. (2009). 
The 17a-Methyltestosterone was prepared by dissolving it in 95% ethyl alcohol to create a stock 
solution according to procedure described by Vinarukwong et al. (2018). The treatments involved 
mixing the various concentrations of Carica papaya seed extracts with the fish feed as follows: 20ml 
Carica papaya extracted with methanol per kg diet, 40ml Carica papaya extracted with methanol per 
kg diet, 60ml Carica papaya extracted with methanol per kg diet, 20ml Carica papaya extracted with 
Hexane per kg diet, 40ml Carica papaya extracted with Hexane per kg diet, and 60ml Carica papaya 
extracted with Hexane per kg diet.
Experimental Design
The experiment was conducted in two phases. The first phase lasted for 60 days and involved treating 
the fish with the hormone and plant extracts. The second phase extended for 130 days and focused on 
rearing the fish on untreated feed to assess the long-term effects of the treatments. The fish were 
distributed into 24 ponds, with 20 fish per pond and three replicates for each treatment.
Feeding and Water Change
During the rearing period, the fish were fed twice daily at 5% of their body weight, and the ponds were 
filled with de-chlorinated water, which was changed daily to ensure optimal conditions. 
Gonads Examination
Gonads were analysed by using the standard acetocarmine squash technique as described by Suman, (2016). 

DATA ANALYSIS
The data was presented using a bar chart. One way Analysis of Variance (ANOVA) was used to compare 
the means at 5% significance level. The analysis was performed using Graphpad instant (Version 3.0).

RESULTS AND DISCUSSION
The identification of gender by means of acetocarmine squash method was performed with ease at the 
end of the 180 days trial period. At the end of  the 180 days trial, in the negative control group 
(Control) which was fed with the basal diet only, the male to female (M:F) sex ratio of 2.3:1 had the 
lowest sex ratio
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Figure 1. shows sex ratios of Oreochromis niloticus treated with 17a-MT hormone, Carica papaya 
seeds extract after a 180 days trial.

(CPM: Carica papaya extracted with methanol; CPH: Carica papaya extracted with hexane) 

The result of sex ratios in the various treatments shows that, the negative control group (Control) 
which was fed with the basal diet only, had the lowest male to female sex ratio (M:F) of 2:1. There was 
significantly (p<0.05) higher males to female ratio of 7:1 in the positive control group (17a -MT) 
which were fed with feed mixed with 17a-MT hormone. 40mlCPM was able to skew the ratio in 
favour of males at 6:1. This is in accordance with the result of Onyia  et al., 2022 who reported high 
male to female ratio. 

Gonad histology
The male gonads were differentiated by fine granular-like structure of spermatogonia and the female 
gonads were characterized by having a structure with pre-vitellogenic oocytes (Fig. 2 and 3).

Figure. 2. Male gonads differentiated
by fine granular-like structure of
spermatogonia. Mg x 100

Figure: 3 Female gonads differentiated by
previtellogenicoocytes. Mg x 100

DISCUSSION
The use of phytochemicals as viable alternative to 17-a -methyl testosterone in the production of 
monosex tilapia an economically important food fish holds a great prospect. From this study, it shows 
that Carica papaya seeds extract has the potential to induce sex reversal in tilapia. The study highlights 
the potential of using Carica papaya seed extracts as an alternative to 17a -Methyltestosterone for 
producing monosex tilapia, a key food fish. This method offers an environmentally friendly approach 
that could enhance profitability and reduce environmental degradation. It also minimizes health risks 
associated with synthetic steroids. In developing countries like Nigeria, where natural water systems 
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are abundant, this phytochemical-based approach can provide a cost-effective and sustainable solution 
for aquaculture. The research suggests that using plant extracts for sex reversal in tilapia can benefit 
fish farmers, aquaculture scientists, and consumers by offering a safer, more affordable alternative to 
synthetic hormones.
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INTRODUCTION
Tilapia species Oreochromis niloticus, are in abundance in Nigeria water bodies, amongst other species 
of fishes (Omeje et al., 2020). Tilapia production enhances development in countries of the world. 
Nile tilapia has gained popularity in many parts of the world and has contributed to the growth of the 
economy in countries such as Asia (Arumugam et al., 2023). Concern over declining harvest in Nigeria 
and the obvious reduction in abundance and biodiversity of fish species from the wild has led to a more 
holistic approach in fisheries management and research in fish genetics so as to enhance food security, 
sustainable development and to understand the sustainability performance of the aquaculture sector 
(Adeleke et al., 2021). 
The knowledge of the comparative growth performance of Oreochromis niloticus, Thai tilapia, and 
their hybrids is vital for optimizing aquaculture practices, improving productivity, and ensuring 
sustainable fish production. This research focused on addressing this challenging knowledge gap 
through a detailed analysis of the growth performance of Oreochromis niloticus, Thai tilapia, and their 
hybrids under controlled aquaculture conditions. 

ABSTRACT
Two hundred and twenty-five (225) progeny samples of the local 
Nile, Thai and the hybrid tilapia were purchased from NIFFR Fish 
breeding and culture program. They were distributed into nine (9) 
hapa measuring 2m x 1m x 1.5m in a 10m x 10m concrete tank. 
Stocking density was 25 fishes per tank and 75 fishes per treatment. 
There were three treatments. Fish were fed to satiation using NIFFR 
feed which is 25% rich in crude protein. The experimental duration 
was 90 days. Body weight measurements were taken bi-weekly. 
Results from this study documented that treatment H, the hybrid 
(cross) between local O. niloticus, and Thai Tilapia reported the 
highest final total weight of 2468.10g among the treatments. This 
was closely followed by treatment T (for the Thai species) whose 
final total weight showed 2245.60g. Treatment L (the local species) 
reported the lowest results of 2240.30g in the study. There was no 
significant difference (p>0.05) throughout the study treatments. 
Physico-chemical parameters of the water during the study were 
within optimal range for Tilapia culture. This report sought to assess 
comparatively, the growth performance of the local Oreochromis 
niloticus, Thai and their hybrids. This document will also serve as a 
source of information for tilapia studies worldwide.

Keywords:
culture, pond, growth,
local Oreochromis niloticus,
Thai, hybrids
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MATERIALS AND METHODS
Samples of the local Nile and Thai tilapia were obtained from NIFFR Fish Breeding and Culture Program, 
in New Bussa, Niger state Nigeria. Broodstocks of Nile tilapia and Thai Tilapia were allowed to mate at 
random. The broodstocks of Nile and Thai tilapia were crossed to produce hybrids used for this 
experiment. At age 45 days (±2.15g), progeny groups of the hybrids were randomly distributed into 
concrete culture tanks, numbering 25 per tank, per treatment and in triplicates. The local Nile 
Oreochromis niloticus and the Thai tilapias were also distributed into the concrete tanks, 25 per tanks per 
treatment and triplicated. Culture tanks measured 2 x 2 x1m2. Fishes were fed high energy commercial 
diet (25% crude protein NIFFR feed). The duration of the experiment was for 120 days. Body weight 
measurements were taken bi-weekly.  Physico-chemical parameters of water such as: water temperature, 
dissolved oxygen, pH, were monitored and measured during the experiment. Data collected were 
subjected to statistical analysis using SPSS Version 25. Mean separation was also tested using Duncan 
Multiple Range Test (DMRT). The levels of significance (p< 0.05) (Duncan, 1955) were determined by 
the differences observed in the study. Regression analysis was also determined (Robert, 2021).

RESULTS
Results for growth, water quality and length-weight regression are documented in Table 1 and table 2 of 
this study.

Table 1: Growth studies of Oreochromis niloticus (local tilapia), Thai tilapia, and their hybrids

 Treatments

Parameters L (Local O. niloticus) T (Thai) H (Hybrid)

Initial Number stocked 75 75 75

Initial Total Weight (g) 453.50a 451.20a 452.20a

Initial Mean Weight (g) 5.28a 5.24a 5.24a

Final Number harvested 120a 121a 120a

Final Total Weight (g) 2240.30a 2245.60a 2468.10a

Final Average Weight (g) 35.90a 37.92a 43.03a

Mean Weight Gain (g) 2022.10a 2096.10a 2397.20a

Specific Growth Rate (%) 23.01a 23.22a 25.12a

Percentage Weight Gain 1455.27a 1479.03a 1720.12a

Condition factor (CF) 3.100a 3.150a 3.510a

Means in the same column (for each section) with different superscripts are statistically different 
(p<0.05).

Table 2: Length-weight relationship regression of Oreochromis niloticus (local tilapia), Thai tilapia, 
and their hybrids in the study

Treatments Intercept (a) Slope (b) Regression square (R²)

Oreochromis niloticus (local 
tilapia)

2.12 2.40 1.20

Thai tilapia 2.16 2.44 1.40

Hybrid 2.55 2.79 1.75
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DISCUSSION
Despite the differences in the final total weight, numerically higher values were observed throughout 
the treatments. The final total weight suggests that treatment H, the hybrid between local O. niloticus 
and Thai tilapia, as observed on Table 1, exhibited the highest weight at 2468.10g, followed by 
treatment T (2245.60g), which was the Thai species, and lastly treatment L (2240.30g), representing 
the local species. A similar study by Correia et al. (2019) documented the potential for increased 
growth performance in tilapia hybrids even as a lesser amount of dietary protein was required. Their 
report agreed with the results of this study, enhancing the fact that hybridization aids maximum 
growth performance. Condition factor as recorded in this study showed the fishes were healthy with 
values greater than 1. An earlier study by Robert et al. (2019) greatly supports this finding. Length-
weight regression values in this study also showed that the fishes grew negatively allometrically with 
values less than 3. Robert (2021) supports this theory citing b-values of 1.47, 1.87 and 1.89 
respectively.  However, the b-values in this study, while not being up to 3, were higher than the values 
obtained in Robert (2021). Physico-chemical parameters of the water during the study were within 
optimal range for Tilapia culture.

CONCLUSION
While the differences in final total weight and growth parameters suggested potential for hybrid 
culture, the lack of statistical significance tells the complexity of growth performance dynamics in 
tilapia culture. The results conclusively highlight the importance of considering feeding as an 
important prerequisite to a successful study. It is imperative to note that, conducting further research 
will give more views on the growth potential of Oreochromis niloticus, Thai tilapia, and their hybrids.
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INTRODUCTION
Information on source water quality and quantity are indispensable in choosing a location for an 
aquaculture facility, as fishes are totally dependent on water. Water quality in aquaculture refers to the 
physico-chemical and biological constituents in water can affects the fish normal health and 
production performance (Balogun, 2015). Fishes have a limited range of concentration for physico – 
chemical properties of freshwater in which they can grow optimally). Studies have shown that certain 
range of water physico-chemical values are essential to a healthy, balanced, and successful freshwater 
fisheries (DeLong et al., 2009; Abubakar, 2013), as water quality directly affects the fishes' feed 
efficiency, growth rates, optimal survival and reproduction (ACTFR, 2002). Water quality is of critical 
importance in aquaculture practice as it significantly influences the physiology, development and 
nutritional composition of the fish (Himmel et al., 2010; Egun, 2021). As undesirable changes in fish 
physiology associated with certain fish farms have been linked to the absence of background 
information on the source of water used. Hence the screening of source water for its physico – 
chemical properties is an important initial step in determining the suitability of the source water for 

ABSTRACT
Source water quality is vital to the successful practice of aquaculture. 
The increasing practice and establishment of earthen ponds for 
aquaculture in close proximity to lotic water bodies has necessitated the 
need for the suitability assessment of their water quality. The aim of this 
study is to ascertain the suitability of Ogidekpe River as source water for 
aquaculture practice. Water samples were collected from four (4) 
designated stations along the Ogidekpe River from September to 
December 2023, and twenty (20) physico-chemical parameters were 
analyzed according to standard methods. Observed concentration 
values were compared with the Nigerian Standard Water Quality 
Criteria for Fisheries. Concentrations of physico-chemical parameters 
were within their respective permissible limits, except for turbidity (27 
– 30.6 NTU), dissolved oxygen (3.06 – 5.06 mg/L), iron (0.33 – 0.39 
mg/L), chromium (0.04 – 0.08 mg/L), lead (0.01 – 0.013 mg/L) and 
zinc (0.21 – 0.38 mg/L) at all the stations. High water turbidity and 
heavy metal – iron, chromium, lead and zinc content values which 
exceeded the water quality criteria for fisheries, makes the river an 
unsuitable water source for aquaculture. Utilizing the River as source 
water requires that water retention ponds be constructed to allow for 
sedimentation and treatment before use for fish culture. There is need 
also to identify point sources of pollution within the watershed and 
enforce compliance to environmental laws in order to improve the 
overall water quality of the river.  

Keywords:
Physico-chemical
parameters, Fish ponds,
Fisheries, Nigeria
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aquaculture. 
In recent times, there has been an increase in the establishment of earthen fish ponds within the 
watershed of inland freshwater bodies in Nigeria. As these water bodies such as rivers, streams and 
reservoirs offer a readily available and inexpensive source of water for aquaculture. Although the use of 
natural surface freshwater sources has been shown to be good sources of zooplankton in aquaculture 
(Abo-Taleb, 2019), the increasing decline in their water quality due to anthropogenic activities (: Egun 
and Oboh, 2022; Egun and Oboh, 2023; Biose et al., 2024) has necessitated studies to ascertain their 
present suitability for continuous use in aquaculture. The prevailing challenge of access to groundwater 
resources in the study area has placed an increasing demand on Ogidekpe River for freshwater supply 
for domestic and commercial activities including aquaculture. Therefore, the aim of this study is to 
ascertain the suitability of Ogidekpe River for aquaculture. 

MATERIALS AND METHODS
Study Location: This study was carried out at Ogidekpe River (Latitudes 006o77'87'N and 
006o45'78'N and Longitudes 06o15'86'E and 06o86'28'E) which transverses through Esan West Local 
Government Area and Owan East Local government area in Edo State, Nigeria. It is an oligotrophic 
lotic freshwater body (Imoobe and Adeyinka 2009), with vegetative canopy occurring laterally for 
most parts of its bank.
Water Sampling and Analysis: Water samples were collected monthly from four (4) designated stations 
along the Ogidekpe River from September to December 2023. The designated stations were identified 
communal access points to the river. Water samples were analyzed for twenty (20) physico-chemical 
parameters according to the outlined procedures in the Standard Methods for the Examination of 
Water and Wastewater (APHA, 1998). Observed concentration values were compared with the 
Nigerian Standard Water Quality Criteria for fisheries (NESRA, 2011).
Data Analysis: Statistical analyses were computed using Microsoft Excel and the Statistical Package for 
Social Sciences (SPSS 16.0). The data are presented as pooled means ± standard deviation (SD) of the 
water samples collected from each sampling station. 
 
RESULTS AND DISCUSSION
Results of the physico-chemical parameters of Ogidekpe River are presented in Table 1. Across the four 
(4) study stations, the range of values for water pH (6.40 – 7.86), electrical conductivity (18 – 30.00 
uS/cm), biochemical oxygen demand (0.3 – 2.90 mg/L), chloride (7.06 – 21.18 mg/L), sulphate (1.00 
– 14.00 mg/L), phosphate (0.15 – 0.30 mg/L), nitrate (0.03 – 0.07 mg/L), calcium (1.60 – 4.01 mg/L), 
magnesium (0.97 – 4.38 mg/L) and nickel (0.02 – 0.06 mg/L)  did not exceed their respective NESRA 
(2011) permissible limits for water quality criteria for fisheries. The dissolved oxygen levels (2.50 – 
5.80 mg/L) were below the minimum acceptable limits of 6.00 mg/L. While mean values for 
suspended solids (10.92 mg/L), turbidity (21.98 mg/L), and the heavy metals - iron (0.37mg/L), lead 
(0.01 mg/L), zinc (0.31 mg/L) and chromium (0.06 mg/L) exceeded their respective permissible 
limits for aquaculture.  
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The level of water turbidity is a reflection of the amount of suspended matter such as clay, silt, organic 
Fmatter, plankton and some other microscopic organisms present in the water (Fondriest Environmental, 
2014). High turbidity and total suspended solids levels in surface freshwater bodies inhibits 
photosynthesis resulting in decreased dissolved oxygen output (Wetzel, 2001; Egun and Oboh, 2022); 
affect the ability of fish gills to absorb dissolved oxygen from the water and lowers their resistance to 
diseases and parasites (Fondriest Environmental, 2014; Balogun, 2015). The influence of the observed 
high total suspended solids and turbidity levels in Ogidekpe River is shown in the depleted dissolved 
oxygen levels in the surface water. Dissolved oxygen is a very basic requirement for aquaculture and the 
first limiting factor to occur in pond aquaculture. Low dissolved oxygen levels impede fish reproduction, 
as a good dissolved oxygen content (= 6.00 mg/L) is needed for eggs and immature development stages 
(Oram, 2014). Bulbul et al. (2022)reported that good dissolved oxygen levels in grow out aquaculture had 
a significant positive effect on the growth and fish conversion ratio of fishes.  
Iron content in surface freshwater bodies is dependent on the on the geological area and other chemical 
components of the waterway (Lenntech, 2019). The toxicity of iron to fishes is dependent on the 
physico – chemical properties of the water such as water temperature, pH and dissolved oxygen. For 
zinc, the principal mode of action for acute zinc toxicity to freshwater fish is inhibition of calcium 
uptake, and destroying of gill tissues, thereby inducing stress and death of fish (Bhateria and Jain, 2006; 
Giardina et al., 2009). The recorded elevated iron, chromium and zinc levels in the river implies that its 
reliance as source water for fish culture in its untreated form, predisposes the fishes to heavy metal 
toxicity and physiological stress. 

CONCLUSION 
The choice of a good source of water that will provide large quantities of high-quality water is one of the 
paramount undertakings to a successful aquaculture business, as fishes require large quantities of 

Parameters Mean ± SD Min. Max.
Standard Water Quality 

Criteria for fisheries 
(NESRA, 2011)

Remarks

pH 6.80 ±  0.35 6.4 7.86 6.5 – 8.5 Satisfactory

E. Conduct. (µS/ cm) 22.33 ± 4.82 18 30 400 Satisfactory

Suspended Solid 10.92 ±  7.40 0 28 0.25 Not Satisfactory

Turbidity (NTU) 21.58 ±  11.98 1 48 < 20 Not Satisfactory

DO (mg/L) 4.69 ±  0.81 2.5 5.8 = 6.0 Not Satisfactory

BOD (mg/L) 1.83 ±  0.76 0.3 2.9 = 3.0 Satisfactory

Chloride (mg/L) 12.36 ±  4.20 7.06 21.18 300 Satisfactory

Sulphate (mg/L) 7.00 ±   3.16 1 14 100 Satisfactory

Phosphate (mg/L) 0.22 ±   0.04 0.15 0.30 3.5 Satisfactory

Nitrate (mg/L) 0.04 ±   0.01 0.03 0.07 = 9.1 Satisfactory

Calcium (mg/L) 2.48 ±   0.61 1.6 4.01 180 Satisfactory

Magnesium (mg/L) 2.15 ±   0.88 0.97 4.38 40 Satisfactory

Iron (mg/L) 0.37 ±  0.05 0.29 0.43 0.05 Not Satisfactory

Lead (mg/L) 0.01 ± 0.003 0.01 0.02 0.01 Not Satisfactory

Zinc (mg/L) 0.31 ±  0.16 0.136 0.635 0.01 Not Satisfactory

Chromium (mg/L) 0.06 ±  0.03 0.03 0.116 0.001 Not Satisfactory

Nickel (mg/L) 0.04 ±  0.01 0.02 0.058 0.10 Satisfactory

Table 1: Summary of the Physico–chemical characteristics of Ogidekpe River and its suitability for 
Fisheries
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unpolluted water to grow rapidly and maintain their state of well-being. Although Ogidekpe River can 
provide the volume of water needed for fish culture, the unsatisfactory levels of several key physico-
chemical parameters and their attendant effects on the development of fishes makes the water source 
unsuitable for use in aquaculture. Therefore, utilizing the river as source water requires that water 
retention ponds be constructed to allow for sedimentation and treatment before use for fish culture. 
Also, there is need to identify point sources of pollution within the watershed and enforce compliance 
to environmental laws in order to improve the overall water quality of the river.  

ACKNOWLEDGEMENTS
The authors are grateful to Bolarinwa Destiny and Esegbuyota Dickson - Undergraduate students, 
Department of Animal and Environmental Biology, University of Benin for their assistance in the 
fieldwork. To Mr. Peter Uwaifo, Mr, Timothy Agho and all the laboratory technicians at Benin Owena 
River Basin/ University of Benin Joint Analytical Laboratory that have contributed to producing high-
quality analytical data.

REFERENCES
Abo-Taleb, H. (2019). Importance of Plankton to Fish Community. IntechOpen. doi: 10.5772/ intechopen.85769
Abubakar, U. M.  (2013) Physico-chemical parameters in relation to fish production of Dadin Kowa Dam, 

Gombe State, Nigeria. Proceedings of 28th Fisheries Society of Nigeria Annual Conference, 
Nov. 25 - 30, 2013 page 211 – 213.

APHA (1998). Standard methods for the examination of water and waste water, 20th edition. American 
Public Health Association/American Water Works association, Water Environment Federation, 
Washington DC, USA, pp 235-237.

Australian centre for tropical fresh water research (ACTFR, 2002). Water quality for sustainable Agriculture 
NRM wet tropics. 

Balogun, J. K. (2015). Basic Aquaculture. Zaria, Nigeria: Ahmadu Bello University Press Ltd. 
Bhateria, R. and Jain, D. (2006). Water quality assessment of lake water: a review. Sustain. Water Resour. 

Manag., 2: 161 – 173. 
Biose, E., Egun, N. K., Uzoh, N. and Omoigberale, M. O. (2024). Assessment of water quality and associated 

human health risk of a tropical freshwater body in Edo State, Nigeria. African Journal of Aquatic 
Science, 1 – 12. https://doi.org/10.2989/16085914.2023.2292125  Bulbul, A., Anushka and 
Abha, M. (2022). Effects of dissolved oxygen concentration on freshwater fish: A review. International 
Journal of Fisheries and Aquatic Studies, 10(4): 113-127. 
https://doi.org/10.22271/fish.2022.v10.i4b.2693

DeLong, D. P., Losordo, T. M. and Rakocy, J. E. (2009). Tank culture of tilapia. Online; SRAC Publication 
No. 282. Southern Regional Aquaculture Center. 2009. Available at https://thefishsite.com/articles/tank-
culture-of-tilapia

Egun, N. K. and Oboh, I. P. (2022). Freshwater Source Suitability for Aquaculture: A Case Study of Ikpoba 
Reservoir, Edo State, Nigeria. International Science and Technology Journal of Namibia, 15: 50 – 56. 
https://journals.unam.edu.na/index.php/ISTJN/article/view/1647  

Egun, N. K. and Oboh, I. P. (2022). Surface water quality evaluation of Ikpoba reservoir, Edo State, Nigeria. 
International Journal of Energy and Water Resources, 6: 509 – 519. https://doi.org/10.1007/s42108-
021-00139-z 

Egun, N. K. and Oboh, I. P. (2023). Assessment of water quality for suitability and human health risk: a study 
of the Owan River, Edo State, Nigeria. African Journal of Aquatic Science, 
https://doi.org/10.2989/16085914.2022.2156468

Egun, N. K. and Ogiesoba-Eguakun, C. U. (2018). Physico – Chemical and Water Quality Index Analysis 
of the Okhuaihe River, Edo State Nigeria. African Journal of Aquatic Science, 43: (4): 345 – 351.

785



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Fondriest Environmental, Inc. (2014). Turbidity, Total Suspended Solids and Water Clarity. Fundamentals 
of Environmental Measurements. 13 Jun. 2014. Web. < https://www.fondriest.com/environmental-
measurements/parameters/water-quality/turbidity-total-suspended-solids-water-clarity/ >.

Giardina, A., Larson, S. E., Wisner, B., Wheeler, J. and Chao, M. (2009). Long-term and acute effects of 
zinc contamination of a stream on fish mortality and physiology. Environ Toxicol Chem., 28 (2): 
287 – 295. 

Himmel, D., Goll, S. K., Leito, I. and Krossing, I. (2010). A Unified pH Scale for all Phases. Angew. Chem. 
Int. Ed., 49: 6885 – 6888.

Imoobe T.O.T. and Koye P. I. (2011). Assessment of the impact of effluent from a soft drink processing 
factory on the physico-chemical parameters of Eruvbi stream Benin City, Nigeria. Bayero J. of 
Pure and Appl Sci. 4 (1): 126 – 134. 

Lenntech (2019). Iron. https://www.lenntech.com/periodic/elements/fe.htm. Accessed November 13, 2019. 
National Environmental Standards and Regulation Enforcement Agency (NESRA) (2011). National Environmental 

(Surface and Groundwater Quality Control) Regulations. Federal Republic of Nigeria Official 
Gazette, 24 th May, 2011. Vol. 98, No. 49. Pages B693 – 729.

Oboh, I. P. and Egun, N. K. (2017). Groundwater Suitability for Aquaculture: A case study of Agbor, Delta 
State, Nigeria. Ethiopian Journal of Environmental Studies and Management, 10 (9): 1193 – 1199. 

Oram B. 2014. Water quality terms glossary. http//www.water-resaerch [Accessed 4 April 2017]. 
Wetzel, R. G. (2001). Limnology: Lake and River ecosystems (3rd ed.) San Diego, CA: Academic press

786

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

ASSESSMENT OF DRIED THYME LEAVES (Thymus vulgaris) POWDER 
AS ANAESTHETIC AGENTS IN DIFFERENT SIZES OF Tilapia guineensis

1 3 4 5 6 7Ogolo, C, 2O.A. Akinrotimi , O.M. Edun , K.N. Owhonda, P.O.Nwosu, , C.A.Akinrotimi , O.M. 
Isaac , and 8F.A. Omodu

1, 2,3,4,5,8 
Department of Mariculture, Nigerian Institute for Oceanography and Marine Research, 

Buguma, Rivers State, Nigeria.
6
Department of Agronomy, Michael Okpara University of Agriculture, Umudike, Abia State, Nigeria

7
 African Regional Aquaculture Center, of Nigerian Institute for Oceanography and Marine Research, 

Port Harcourt, Rivers State, Nigeria.

Corresponding Author:
ojoakinrotimi@gmail.com, +2348065770699, 0000-0003-2775-645X

INTRODUCTION
The use of anesthetics in aquaculture is common due to its beneficial effects on reducing fish stress and 
preventing physical harm to fish during routine procedures like artificial spawning, fish weighing or 
measuring, fish sorting and tagging, vaccination administration, live transport, gamete collection, blood 
sampling for gonadal biopsies, and fish collection, to name a few (Can et al., 2019). They also help to 
lower stress levels and facilitate surgical procedures involving extended immobilization (Kiessling et 
al., 2019). According to Akinrotimi (2014). The fish must exhibit symptoms including decreased 
breathing, loss of balance, relaxed muscular tone, and incapacity to react to stimuli in order to be 
considered to have received an appropriate level of anesthesia. An effective anesthetic medication 
should not cause harmful side effects, be quickly excreted from the body, and not alter behavior, 
immunology, or physiology over time (Akinrotimi et al., 2018).An important aspect for a farmer 
selecting anesthetics is to evaluate the following: the type of experiment being conducted, the species 
of fish being used, effectiveness, cost, availability, and ease of use (Akinrotimi et al., 2013; Charoenda 
et al., 2019). The fish should recover quickly from the anesthesia and the anesthetic should work even 

ABSTRACT
An investigation was conducted on the effectiveness of dried Thyme 
(Thymus vulgaris) leaves powder as anesthetic agents in Tilapia 
guineensis. A total of 450 T.guineemsis comprised of 150 each of 
fingerlings (mean length 7.22 cm1.08 SD, mean weight 10.53g 3.55 
SD) juvenile (mean length 12.43 cm1.37 SD, mean weight 45.44g 
6.02 SD)  and adult sizes (mean length 17.88 cm3.54 SD, mean 
weight 170.87g 22.09 SD)  were exposed to five concentrations 
0.00-control, 10.0, 20.0, 30.0, and 40.0 mg/l of dried thyme leaves. 
The time for onset of anaesthesia for the exposed fish was measured 
using a digital stopwatch. The outcomes showed that the extracts of 
thyme leaves caused a size-related reactions. As the quantities of the 
thyme extracts increased, the induction time significantly reduced (P 
< 0.05). In general, the recovery times for all three sizes increased as 
the anesthetic concentrations increased. Furthermore, adult fish 
showed longer recovery periods across the board; which was followed 
by juvenile and fingerlings size trailed behind. The findings of this 
study indicate that dried thyme leaves have the ability to successfully 
cause anesthesia in fish. The ideal dosage for fingerlings, juveniles, 
and adults is 20.0, 30.0, and 40.0 mg/L of the extracts respectively.

Keywords: 
Aquaculture, Sedatives,
Spices, Fish, Anaesthesia 
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at modest dosages (Akar, 2011; dacunha et al., 2020). 
The use of natural products in aquaculture has the potential to "shift the demand curve" away from 
synthetic chemicals. Herbs have been employed by humans for their medicinal properties since the 
dawn of civilization. Modern medications have been obtained in remarkable quantities from natural 
sources (Cooke et al., 2004; Bodur et al., 2018). The use of the agents in conventional medicine served 
as the basis for many of these isolations. In rural parts of Africa, especially Nigeria, ethno veterinary 
medicine is frequently practiced. Ethno veterinary therapy is most likely the only way to preserve and 
improve animal species' health in small-holder livestock systems found in developing nations. The 
majority of rural farmers lack access to synthetic medications as well as the necessary financial means 
(Akinrotimi et al., 2014; Aydun et al., 2019). Thymus vulgaris appears to be the most popular species 
of thyme found in Nigeria. It is an herb with a distinct smell. The flowers, leaves, and oil are commonly 
used to flavour foods and are also used as medicine. Thyme essential oil is rich in thymol, a component 
that is said to be antispasmodic. This can benefit the body by calming contracting muscles, offering 
relief and providing comfort from breathing difficulties, it could be very effective against respiratory 
tract infections like the common cold (Lambooji et al., 2019). The information on the use of thyme in 
T.guineensis is scarce, hence the need for this study. This study therefore assesses the efficacy of dried 
Thyme leaves (Thymus vulgaris) powder as sedative agent in T.guineensis.

MATERIALS AND METHODS
Experimental Location and Fish 
The study was carried out in African Regional Aquaculture Center, an outstation of Nigerian Institute 
for Oceanography and Marine Research, Buguma, Rivers State, Nigeria. A total of 450 T.guineemsis 
comprised of 150 each of fingerlings (mean length 7.22 cm1.08 SD, mean weight 10.53g 3.55 SD) 
juvenile (mean length 12.43 cm1.37 SD, mean weight 45.44g 6.02 SD)  and adult sizes (mean length 
17.88 cm3.54 SD, mean weight 170.87g 22.09 SD)  were sourced from ponds during the low tide. 
The fishes were transported in six open 50l open plastic containers to the laboratory and acclimated for 
a period of seven days.
Preparation of Mustard Seed 
Fresh Thyme Leaves (Plate 1) was purchased from fruit garden market at Kaduna Street, D-Line, Port 
Harcourt in Port Harcourt City Local Government Area of Rivers State.  Plant authentication was done 
using the keys of Agbaje (2008).  The thymes were rinsed in clean water, and dried in the laboratory at 
room temperature. They were tied together on a string and hung upside down and were allowed to stand 
for a period of two weeks. After the leaves were completely dried (Plate 2) the leaves were removed from 
the stem, the dried thyme were stored in an airtight container. The leaves were taken to the laboratory and 
grounded into powder using a kitchen blender (Model H2, Ken Wood, Japan).  The milled thyme leaves 
was sieved using 0.1 micro plastic meshes to obtain the fine powder (Plate 3). 
Experimental Design 
The design of the experiment was Completely Randomized Design (CRD) having five treatments level 
each with three replicates for each of the life stages.  A total of 45 plastic basins of dimension (52 x 44 x 
34 cm3) each were used for the experiments.  The 45 basins were labeled based on life stages of the 
fish, treatment levels and replicates.  Each basin was stocked with 10 fish per tank.  A total of 450 fish 
were stocked.
Experimental Procedure 
The powder was weighed into different concentrations (10.0, 20.0, 30.0, and 40.0 mg/L) using a 
sensitive weighing balance (Model 1123HK, Digital Scales, Ltd, Beijing, China).  It was applied 
directly in three replicates into the water (10L) in 30L experimental plastic aquaria.  The water in the 
tanks was stirred vigorously to ensure homogenous mixture.  The fish was weighed with 2.0 kg round 
top weighing scale (Model 1123HK, Digital Scales, Ltd, Beijing, China) which the length was 
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measured with transparent meter rule.  They were introduced into prepared experimental aquaria, 
containing five concentrations of powdered thyme leaves (10.00; 20.00; 30.00; 40.00 and 50.00 
mg/L) at the rate of 10 fish per tank in triplicates. 
Determination of Induction and Recovery Time 
The time for onset of anaesthesia for the exposed fish was measured using a digital stopwatch.  Fish 
behaviour was monitored individually through the induction and recovery stages in each life stage and 
concentrations.  Recovery time which followed the following stages; reappearance of opercula 
movements, partial recovery of equilibrium, irregular balance, total recovery of equilibrium and lastly, 
normal swimming was observed (Cooke et al., 2004).  Recovery time was then recorded.
Evaluation of Water Quality Parameters 
The water pH was determined in situ in each of the aquarium with a pH meter (Hanna Products, 
Portugal).  The temperature of the water was measured by placing the mercury in glass thermometer in 
the water and taking a reading after five minutes at 15cm depth. Nitrite, ammonia and dissolved 
Oxygen were evaluated using LaMotte fresh water test kit (Model AQ4, Chestown, Maryland, USA). 
Statistical Analysis
The data obtained from this study was collated and analyzed using statistics software SPSS version 22.  
Data was tested first for normality (Kolmogorov-Smirnov test) and homosesdasticity of variance 
(Bartts test).  When these conditions were met with full satisfactions, a one way analysis of variance 
(ANOVA) was employed to reveal significant differences in measured variables among control and 
experimental groups.  When a different was detected (P<0.05), Tukey's multiple comparison test was 
applied to identify which treatment should be significantly different

  
Plate 1: Fresh Thyme                              Plate 2: Dried Thyme

Plate 3: Ground Thyme

RESULTS
The water quality parameters in experimental tanks of T.guineensis exposed to Thyme leaves extracts 
are presented in Table 1. The results indicated a significant reduction (P<0.05) in the values of 
dissolved oxygen which reduced with increasing concentration of the anaesthetics. While other water 
quality parameters were within the same range with no significant different in relation to the 
concentration of the anaesthetics  (P>0.05). The induction, recovery and survival in fingerlings of 
T.guineensis exposed to thyme leaves extracts are presented in Tables 2. The results in indicated that 
the values of induction time significantly (p<0.05) reduced with increasing concentrations of the 
thyme leaves extracts. While the recovery time significantly (p<0.05) increased as the concentrations 
of thyme leaves extracts increased. The survival of the exposed fish was 100.00% between 0.00-
20.00mg/l of the extracts. However, 80.00% and 70.00% survival were recorded at 30.00 and 
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40.00mg/l of the extracts.  The same trend were equally observed in juveniles (Table 3) and adults 
(Table 4)  sizes of  T.guineensis exposed to different concentrations of thyme leaves extracts. The 
survival of the exposed fish was 100.00% between 0.00-30.00mg/l of the extracts. However, 80.00% 
survival were recorded at 40.00mg/l of the extracts for juvenile size (Table 3), while, the adult fish 
recorded 100.00% survival in all concentrations of exposure (Table 4). 
The comparative values of induction time in different sizes of T.guineensis exposed to thyme leaves 
extracts is shown in Figure 1.   The use of Thyme leaves extracts as anaesthetics resulted in different 
induction times depending on the dosage and size of the fish. Furthermore, the induction times in adult 
size of T.guineensis were higher than the juveniles, which in turn was higher than that of fingerlings 
(Figure 1). Comparatively, the recovery time (Figure 2) in T.guineensis exposed to thyme leaves 
extracts indicated a significant (P < 0.05) increase in the recovery time, as the concentrations of the 
extracts increased. However, the recovery times in adult size of T.guineensis were higher than the 
juveniles, which in turn was higher than that of fingerlings in all concentrations of the extracts (Figure 
2). Comparatively, the results of the survival of the exposed fish during the trial (Figure 3), indicated 
that  the survival rate   in adult size of T.guineensis were higher than the juveniles, which in turn was 
higher than that of fingerlings in all concentrations of the extracts (Figure 3).

Table 1: Water Quality Parameters in Experimental Tanks of T.guineensis exposed to Dried Thyme 
Leaves Extracts (Mean  SD)

                                                                                Concentrations (mgL-1)
Parameters 0.00 10.00 20.00 30.00 40.00

Temperature (°C) 28.11±0.33a 28.43±0. 88a 29.41 ±1.33 a 28.02±0.66 a 28.09±0.77 a

pH 6.02±0.33 a 6.71±0.44 a 6.23±0.77 a 6.71±0.88 a 6.65±0.99 a

DO(mgL-1) 6. 88±0.22 c 6.41±0.31 c 5.71±0.44 b 5.01±0.79 b 4.31±0.55 a

Nitrite (mgL-1 ) 0.001±0.01 a 0.050±0.02 a 0.055±0.02 a 0.058±0.02 a 0.067±0.02a

Ammonia (mgL-1 ) 0.20±0.01 a 0.20±0.01 a 0.20±0.02 a 0.20±0.03 b 0.21±0.01 b

Mean within the row with different superscripts are significant (P<0.05) 

Table 2: Induction, Recovery and Survival of  T.guineensis Fingerlings exposed to Dried Thyme Leaves 
(Mean  SD) 

Concentrations (mg/l) Induction (s) Recovery (s) Survival (%)
0.00 0.00±0.00a 0.00±0.00a 100.00±0.00 b

10.00 415.09±28.39c 301.66±31.22b 100.00±0.00 b

20.00 289.68±49.77b 303.77±42.05c 100.00±0.00 a

30.00 254.65±32.99b 675.09±30.11d 80.00±0.00 a

40.00 232.02±20.04b 692.02±20.22d 70.00±0.00 a

Mean within the column with different superscripts are significant (P<0.05) 

Table 3: Induction, Recovery and Survival of  T.guineensis Juveniles exposed to Dried Thyme Leaves 
(Mean  SD) 

Concentrations (mg/l) Induction (s) Recovery (s) Survival (%)
0.00 0.00±0.00a 0.00±0.00a 100.0±0.00 b

10.00 688.44±66.90d 477.04±22.87b 100.00±0.00 b

20.00 472.01±22.06c 567.02±33.12c 100.00±0.00 a

30.00 321.04±22.06b 699.55±22.11d 100.00±0.00 a

40.00 301.02±35.88b 752.11±18.33d 80.00±0.00 a

Mean within the column with different superscripts are significant (P<0.05) 
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DISCUSSION
The water quality parameters in experimental tanks in the three life stages of T.guineensis exposed to 
thyme extracts indicated a significant reduction (P<0.05) in the values of dissolved oxygen which 
reduced with increasing concentration of the anaesthetics. While other water quality parameters were 
within the same range with no significant different in relation to the concentration of the anaesthetics. 
The decrease in DO with increase in concentration of the plant extracts in this study corroborates the 
report of  Akinrotimi et al. (2018) in the experimental waters of C.gariepinus exposed to clove seed 
extracts. It also agrees with the findings of Audu et al. (2013) that DO decrease with increase in 
concentration of C. sativa used as anaethetics, but disagreed with that of Anju et al. (2015) who 
recorded constant DO concentration as the concentration of   Tephropsia vogelii aqueous leaf extract 
increased. The dissimilarity may be due to the differences in the composition of active ingredients in 

Table 4: Induction, Recovery and Survival of T.guineensis Adults exposed to Dried Thyme Leaves
(Mean  SD) 

Concentrations (mg/l) Induction (s) Recovery (s) Survival (%)
0.00 0.00±0.00a 0.00±0.00a 100.00±0.00 b

10.00 799.48±44.02d 580.43±20.02b 100.00±0.00 a

20.00 688.75±32.22c 689.99±30.99c 100.00±0.00 a

30.00 500.07±20.22b 799.02±21.02d 100.00±0.00 a

40.00 344.88±23.02b 801.22±18.44d 100.00±0.00 a

Mean within the column with different superscripts are significant
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these plants (Ellis et al., 2022). 
In this study, the induction time in T.guineensis exposed to thyme extracts reduced with increasing 
concentrations of the extracts. These findings are in agreement with other studies (Kiessling et al., 
2019) in fish exposed to plant extracts as anaesthetics.  When using anesthetics, it is expected that 
there will be an inverse relationship between the applied concentration and the time required to 
induce anesthesia to the desired stage, as observed previously for several fish species (Akinrotimi et al., 
2016). Additionally, the induction time was related to the size of fish, with more time needed for larger 
fish to be anaesthetized. This may be because of higher rate of uptake of the anaesthetic through the 
gills in the smaller fish compared to the larger ones. This is in accordance with the results reported by 
Woody et al. (2022) for sockeye salmon (Oncorhynchus nerka). 
The recovery time obtained in this study increased with increased doses of T.vulgaris. The recovery 
time varied with the concentration of T.vulgaris for various size groups. An increase in recovery time 
relative to plant extracts concentration was recorded in roach (Rutilus rutilus) (Sudagara et al., 2019), 
The recovery time was directly proportional with increasing doses of thyme extracts. The longest 
recovery time was observed at 40. 00mg/L and the shortest time to reach total recovery stage was 
detected at 20.0mg/L. Longer recovery time with the increased anaesthetic dosage has been reported 
in largemouth bass (Cooke et al., 2009). Suggestions might be that the rate of absorption of the 
anaesthetic as a function of body weight is slower in larger fish which may be reflective of the larger gill 
surface area relative to body size and, thus, a larger area for drug diffusion (Branson and Gross, 2021). 
According to Clarke and Johnston (1999), larger fish have relatively lower basal metabolism which 
may contribute to a slower rate of anaesthetic absorption. Furthermore, an ideal fish anaesthetic 
should induce deep anaesthesia  in less than 180 s or 300s with little or no mortality (Ellis et al., 2022).  
It should also allow for rapid recovery in less than 600 s and leave little or no residues in the tissues 
(Branson and Gross, 2021). In the current study, all of the tested concentrations of thyme extracts 
could induce anaesthesia in  T.guineensis. However, 20.00, 30.00 and 40.0mg/L of thyme extracts 
could be used to sedate fingerlings, juveniles and adult sizes of T.guineensis respectively. These met the 
criteria for an ideal anaesthetic in aquaculture as they recorded no mortality in these concentrations. 

CONCLUSION
The results in this study indicated that applications of thyme extracts as anaesthetics did not affect the 
water quality parameters. The present study revealed that thyme extracts acted as an anaesthetic agent 
in sedating T.guineensis.  Based on the results from this work:  An effective concentration of 20.00, 
30.00 and 40.0mg/L of thyme extracts could be used to sedate fingerlings, juveniles and adult sizes of 
T.guineensis respectively. This should only be used for quick procedures, such as biometric 
measurements and blood sampling. On the other hand, for lengthy procedures, such as artificial 
breeding, 40mg/ could be recommended.
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INTRODUCTION
It is evident that our fish demands cannot be adequately met from capture fisheries alone. There is 
need to bridge the wide gap between fish demand and supply. This can be achieved by strategic 
investment in aquaculture. The demand for fish protein and the present agricultural development 
policy of the Federal government of Nigeria emphasizing poverty reduction, food security and 
employment generation favor fish farming in many places in Nigeria. (Amachi, 2018). However, fish 
farming industry is faced with several challenges among which is bacterial infection. This constraint to 
rapid development of aquaculture has to be addressed to maximize fish production potential of the 
industry. Over times chemical methods have been widely used to control, prevent and treat disease 
outbreaks in industry. These have multiple negative impacts on the environment and human health. 
The use of synthetic antibiotics has also been reported to have led to emergence of resistant bacteria 
strains and residual accumulation of these drugs in tissues and aquatic sediments (Holmes et al., 2016). 
Therefore, disease management in aquaculture should focus on environmental friendly and lasting 
approaches. Globally, attention is gradually shifting towards the use of plants and herbs for disease 
control and prevention in aquaculture as the best alternative to chemotherapy. Plant parts such as 
roots, stem bark, leaves and fruits contain bioactive compounds like alkaloids, saponin, thiamine, 
essential oils, peptides, unsaturated long chain aldehydes etc. that make them a rich source of medicine 
(Kurva and Gadadhar, 2013).
Clarias gariepinus (Burchell, 1822) is one of the most important tropical catfish species for 
aquaculture in West Africa that is also known as the African sharp tooth catfish. It belongs to the family 
Claridae.  It is commonly found in tropical swamps, lakes, and rivers. Clarias gariepinus has the ability 

ABSTRACT
Aquaculture is an established and growing industry in Nigeria. It is an 
important contributor to the agriculture and marine economy. It is 
faced with many challenges among which is disease infections. Plant-
based approach to disease control in aquaculture practices is 
considered to be environmentally friendly and the best alternative to 
chemotherapy. Bacteria pathogens isolated from the gills of Clarias 
garipienus collected from NIOMR farm was used to test the 
antibacterial potential of both the fresh and the dry leaves methanol 
extracts of Sarcocephalus latifolius plant. The antibacterial test was 
carried out using agar well diffusion method. The antibacterial 
screening results revealed that the methanol extracts of fresh and 
dried leaves from the plant have medium to strong antibacterial 
activities against all the test organisms with the inhibition diameter 
ranging from 10-12mm for the fresh while the dried leaves range 
from 13-21mm. The extract from the dried leaves showed better 
antibacterial sensitivity to the tested organisms.

Keywords:
chemotherapy,
plant-based,
aquaculture,
disease.
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to grow on a wide range of artificial and natural foods. It can attain a large size within short time, it has 
high yield potentials and it can tolerate low dissolved oxygen and other aquatic conditions. The colour 
is usually dark grey or black on the back and white at the belly. It is highly nutritious. Clarias gariepinus, 
is an omnivore freshwater fish widely cultured in Nigeria because of its high growth rate, ability to 
withstand stress, disease and ability to spawn easily (Adeniyi et. al.,2021)). Catfish do suffer infections 
caused by pathogens. Pathogens are an integral part of aquatic environment. They are responsible for 
disease infections in fish farming. Disease infection if not control can lead to colossal economic loss 
recovery of which may be practically not easy to come by. 
Sarcocephalus latifolius is a shrub of family Rubiaceae that usually grows in humid areas of tropical 
Africa. Its roots are used for several applications in traditional medicine (Romain et al., 2018). Its anti-
radical properties and antibacterial activities against salmonella and other bacteria have been reported 
by Antia et al., 2014). Studies have shown that extracts of various parts of Sarcocephalus latifolius 
contain bioactive compounds such as; tannins, flavonoids, alkaloids, saponins and anthraquinones 
(Anowi et al., 2015).
The objective of this study is to contribute to the search for sustainable, accessible and environmentally friendly 
alternatives to chemotherapy in the treatment of disease outbreaks and control of farmed fish diseases.

MATERIALS AND METHODS 
Extractions and phytochemical tests were carried out in chemistry department laboratory while the 
microbiological tests were done at the pharmaceutical microbiology laboratory University of Benin. 
Benin City, Nigeria.
Plant materials 
The plant leaves were collected from Ekiadolor town in Ovia North-east local government area of Edo state.
The plant leaves were washed and divided into two parts. One part was ground fresh and extracted 
while the second part was dried out of the sun at the Laboratory temperature for two weeks before 
being pulverized into coarse powder.
The extraction was carried out using cold maceration in methanol for 72hrs with intermittent shaking. The 
mixture was filtered using Whatmann No.1 filter paper and evaporated in rotary evaporator. The extracts 
were subjected to antibacterial testing using agar well diffusion method described by Castiho et al., (2015) 
with some modifications. The bacterial used were isolated from the gills of Clarias gariepinus collected 
from the Nigerian institute for oceanography and marine research (NIOMR) fish farm.
Qualitative phytochemical assay was carried out on the crude methanol extracts following the 
standard method described by Vishnu et al., (2019).

RESULTS AND DISCUSSION 
Table 1: Proximate analysis of dried leaves 

Parameter Percentage of SL
Moisture 15.00
Ash 9.20
Fiber 23.21
Lipids 15.89
Crude protein 3.60
Carbohydrate (nitrogen free extract) 33.10

From table 1, the protein value suggests that the leaves can be ranked as a potential source of plant 
protein and therefore could be used as protein supplement in fish feed. The ash content observed is an 
indication of the mineral preserved in the leaves.
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       +  = Presence:      - =Absence

Table 2 shows the results of the qualitative phytochemical analysis of the plant extracts. It showed that 
the leaves are rich in alkaloids, flavonoids, tannins and saponins. This result agrees with the previous 
findings of (Stephen et al., 2017) on the presence of alkaloids, flavonoids, tannins and saponins in 
methanol root extracts of Sarcocephalus latifolius.

Table 3: Inhibition zone diameter (mm) of methanol extract of dried leaves 
Zone of inhibition diameter(mm)

Table 2: Phytochemical Screening result of Sarcocephalus latifolius 

S/N Phytoconstituents Methanol
(Fresh 
leaves )

Methanol 
(dry 
leaves )

1 Glycosides + +
2 Steroids + +
3 Terpenoids + +
4 Alkaloids + +
5 Saponins + +
6 Flavonoids + +
7 Phenolics + +
8 Tannins + +

                                                        Microorganisms 

Concentration (mg/ml) E. coli P. a eruginosa S. aureus
500 20.0 20.0 21.0
250 19.0 18.5 16.0
125 18.0 16.0 16.0
62.5 13.0 15.0 15.0
31.25 0.0 0.0 0.0
Tetracycline 24.0 24.0 22.0
Distilled water (negative control) 0.0 0.0 0.0

Table 4: Inhibition zone diameter (mm) of methanol extract of fresh leaves 

Zone of inhibition diameter(mm)

                                                         Microorganisms 

Concentration(mg/ml) E. coli P. aeruginosa S. aureus
500 12.0 10.0 12.0
250 11.0 9.0 10.0
125 11.0 8.0 8.0
62.5 8.0 0.0 0.0
31.25 0.0 0.0 0.0
Tetracycline 20.0 24.0 23.0
Distilled water (negative control) 0.0 0.0 0.0

The antibacterial screening results in tables (3 and 4) revealed that the methanol extracts of fresh and 
dried leaves from the plant have antibacterial activities against all the test organisms, howbeit with 
different levels of sensitivities.  However, the extract from the dried leaves showed better antibacterial 
sensitivity to the tested organisms. This may be due to probable high concentration of the bioactive 
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compounds in the extracts of the dried leaves. Again, at 500mg/ml the inhibition was strong while 
there was no inhibition at concentration of 31.25mg/ml. The no zone recorded at 13.25mg/ml for both 
extracts suggested that the dose was too small to have an effect on the test organisms. This shows that 
the concentration of the extracts is an important factor to be considered. This result is in agreement 
with the findings of Holmes et al., (2016). Furthermore, the bioactive compounds in the plant are 
broad spectrum in their activity since both the gram-positive bacterium (S aureus) and gram-negative 
bacteria (E coli and P aeruginosa) were inhibited significantly especially at higher concentrations.

CONCLUSION
From the study, it can be concluded that the selected medicinal plant has great potential as 
antimicrobial agent against bacteria isolates. Further study on the plant would probably lead to the 
development of stable, biologically active compounds which can be employed in the formulation of 
antimicrobial agents for fish farmers.
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INTRODUCTION
Aquaculture plays a pivotal role in Nigeria's agricultural and economic landscape, with Southern 
Nigeria emerging as a key region for fish production. The sector contributes significantly to the 
country's Gross Domestic Product (GDP) while supporting poverty alleviation efforts and improving 
national food security (Akinrotimi et al., 2019). In particular, earthen ponds are the predominant 
method used by fish farmers to cultivate table-size fish species such as Nile tilapia (Oreochromis 
niloticus) and African catfish (Clarias gariepinus). These systems are favored for their adaptability to 
various environmental conditions, ease of construction, and relative cost-effectiveness (Olukunle et 
al., 2017).
Despite the potential benefits of earthen pond aquaculture, fish farmers face several environmental 
stressors that threaten the sustainability of their operations. These stressors include temperature 
fluctuations, dissolved oxygen (DO) depletion, pH changes, and water quality degradation, all of which 
negatively impact fish growth, health, and survival. In Southern Nigeria, additional challenges arise from 
regional factors such as sedimentation, pollution from oil and gas exploration, and seasonal rainfall patterns 
that cause fluctuations in pond water levels and quality (Ekelemu and Okoro, 2020; Omoregie, 2023). 
Understanding the specific environmental stressors faced by fish farmers in this region is critical for 

ABSTRACT
Aquaculture, particularly in earthen pond systems, have become a 
crucial component of food security, employment, and economic 
growth in Southern Nigeria. However, these systems are vulnerable 
to numerous environmental stressors, such as Replace with 
“fluctuations, imbalances and degradation in the biological and 
physic-chemical water quality, all of which significantly affect fish 
health, growth, and survival rates. The specific conditions of 
Southern Nigeria, including pollution from oil and gas activities, 
sedimentation from soil erosion, and run-off from rain, exacerbate 
these challenges. In interrogating the topic, this paper provides an in-
depth review and analysis of these environmental stressors, their 
effects on table-size fish production, and the economic and social 
implications for fish farmers. By exploring mitigation strategies such 
as Integrated Multitrophic Aquaculture (IMTA), the use of 
sustainable aquafeed, biofilters, and comprehensive water quality 
management, this study proposes solutions to improve fish farming 
outcomes and promote sustainable aquaculture practices in Nigeria. 
The findings underscore the need for collaborative efforts between 
government agencies, research institutions, and the aquaculture 
industry to address these challenges and ensure the long-term 
viability of fish farming in the region.

Keywords:
Environmental,
Stressors, Table-sized fish,
Earthen ponds
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developing targeted mitigation strategies and promoting sustainable aquaculture practices. This paper 
examines the primary environmental challenges affecting earthen pond aquaculture in Southern Nigeria 
analyzes their implications for fish health and production.  It also outline potential strategies to mitigate 
these stressors and enhance the long-term viability of fish farming.
This paper draws upon a comprehensive review of secondary data from peer-reviewed journals, 
empirical studies, and industry reports on aquaculture in Southern Nigeria. Information were 
collected on key environmental stressors, including disease and disease causing organisms, 
temperature fluctuations, dissolved oxygen levels, pH changes, and water quality degradation, with a 
focus on their effects on fish health and productivity in earthen ponds. The review also interrogated 
specific regional challenges in Southern Nigeria, such as pollution from oil and gas activities, 
sedimentation, run off and seasonal rainfall patterns. In addition, mitigation strategies, including 
Integrated Multitrophic Aquaculture (IMTA), sustainable aquafeed, biofilters, and water management 
practices, were reviewed to assess their effectiveness in addressing these challenges.

DISCUSSION
Temperature fluctuations have a significant impact on fish metabolism, immune response, and growth 
rates. In Southern Nigeria, the climate is characterized by distinct wet and dry seasons, which lead to 
extreme temperature variations in earthen ponds. During the dry season, high temperatures can 
elevate water temperatures beyond the optimal range (25–30°C for Nile tilapia and 27–30°C for 
African catfish), leading to increased metabolic rates and oxygen demand (Omoregie, 2023). 
Conversely, cold temperatures during the wet season can slow down metabolism and reduce fish 
growth rates. Research conducted by Adedeji (2021) demonstrated that temperature variations 
outside the optimal range can lead to significant reductions in growth performance, delayed sexual 
maturation, and increased susceptibility to diseases in Nile tilapia. To mitigate the effects of 
temperature fluctuations, farmers can implement strategies such as shading to reduce heat stress 
during the dry season and use aeration to improve water circulation.
Dissolved oxygen is a critical factor for fish survival and growth, as it supports respiration and metabolic 
processes. However, earthen ponds are particularly vulnerable to DO depletion, which occurs due to 
organic matter decomposition, algal blooms, and nutrient loading. Low DO levels (below 2 mg/L) can lead 
to fish suffocation, mass mortality, and growth retardation, especially in ponds with high stocking densities 
(Omoregie, 2023). Conversely, supersaturation of DO, often caused by excessive aeration or 
photosynthetic activity, can result in gas bubble disease, where bubbles form in fish tissues, causing stress 
and tissue damage. In ponds with high fish densities, the problem is further compounded, as competition 
for oxygen intensifies. Effective aeration systems, such as paddlewheels and diffusers, are essential to 
maintain optimal DO levels, ensuring that fish have sufficient oxygen for growth and health.
Fluctuations in pH levels can have adverse effects on fish health, leading to physiological stress and 
metabolic imbalances. In earthen ponds, pH can be influenced by factors such as organic matter 
decomposition, sediment composition, and the presence of algae. Fish species such as Nile tilapia and 
African catfish require specific pH ranges (6.5–9.0 for tilapia and 6.5–8.5 for catfish) to thrive. 
Extreme pH levels, whether too acidic or too alkaline, can disrupt enzyme activities, impair ion 
regulation, and reduce feed efficiency (Omoregie, 2023). Acidic conditions can damage fish gills, 
leading to impaired respiration, while alkaline conditions can cause osmotic stress and increase 
ammonia toxicity. Regular monitoring of pH levels, along with the use of buffering agents such as lime, 
can help maintain optimal conditions for fish production.
Water quality degradation is a major concern in earthen pond aquaculture, particularly due to nutrient 
overload, which can result in eutrophication, algal blooms, and hypoxia. These conditions arise from 
excessive feeding, waste accumulation, and runoff from nearby agricultural activities (Omoregie, 
2023). Eutrophication leads to oxygen depletion as algal blooms decompose, which can severely impair 
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fish respiration and increase mortality rates. Elevated ammonia and nitrite levels, which are common in 
nutrient-rich ponds, cause respiratory distress and reduce fish growth performance. Sustainable water 
quality management practices, such as the use of biofilters, constructed wetlands, and proper pond 
aeration, are essential to mitigate the adverse effects of nutrient overload and maintain a healthy pond 
environment.
Southern Nigeria's Niger Delta is heavily impacted by pollution from oil exploration, gas flaring, and 
industrial wastewater discharges. These activities introduce hydrocarbons and other pollutants into 
water bodies, which can bioaccumulate in fish tissues and pose health risks to both fish and humans 
(Fakorede et al., 2020). Sedimentation, exacerbated by deforestation and land-use changes, further 
reduces water clarity and light penetration, affecting photosynthetic activity and oxygen levels in 
earthen ponds. High sediment loads can clog fish gills, smother fish eggs, impair respiration, and reduce 
growth rates (Umehai and Ekelemu 2023, Adedeji, 2021). To address these challenges, fish farmers 
must adopt soil erosion control measures, reduce deforestation, and implement sustainable land 
management practices to reduce sedimentation rates.
Addressing the environmental stressors affecting earthen pond aquaculture requires a multifaceted 
approach. Integrated Multitrophic Aquaculture (IMTA) offers a promising solution by promoting the 
co-culture of multiple species that enhance nutrient cycling and minimize waste. For example, co-
culturing fish with seaweed and shellfish can help absorb excess nutrients and improve water quality 
(Omoregie, 2023). Sustainable aquafeed practices, including the use of plant-based protein sources 
and insect meals, can also reduce the environmental footprint of fish farming. In addition, biofilters 
and constructed wetlands can be used to filter pond water and remove excess nutrients, while regular 
monitoring of water quality parameters such as DO, pH, and ammonia levels is essential for 
maintaining optimal conditions for fish growth.

CONCLUSION
The sustainability of earthen pond aquaculture in Southern Nigeria is threatened by numerous 
environmental stressors, including temperature fluctuations, dissolved oxygen depletion, pH 
imbalances, and pollution from oil and gas activities. These stressors have significant implications for 
fish health, growth, and overall productivity, resulting in economic losses for fish farmers. However, 
effective mitigation strategies such as IMTA, biofiltration, sustainable aquafeed use, and water quality 
management can help address these challenges. By adopting these practices, fish farmers can improve 
the resilience of their operations and contribute to the long-term sustainability of aquaculture in 
Nigeria. Collaborative efforts between government agencies, research institutions, and industry 
stakeholders are essential to develop tailored solutions that address the unique environmental 
challenges faced by fish farmers in Southern Nigeria. Further research is needed to explore innovative 
approaches to aquaculture management and ensure the viability of the sector in the face of climate 
change and environmental variability.

ACKNOWLEDGEMENTS  
I would like to express my sincere gratitude to my supervisors, Prof. J.K. Ekelemu and Dr. O.F. 
Nwachi, for their guidance and corrections while putting the manuscript for this review together. I am 
also grateful to the fish farmers who provided invaluable insights into the challenges they face in 
Southern Nigeria.

REFERENCES
Adedeji, A. A. (2021). Effects of aquacultural practices on the sediment characteristics of certain types of 

earthen fishponds. Journal of Limnology and Freshwater Fisheries Research, 7(2): 83-91.
Akin-Obasola, B. J., Fapohunda, O. O. and Ogunlade, A. O. (2023). Nutritional composition and gonadal 

801



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

development of Heteroclarias cultured in concrete and earthen ponds. Journal of Aquaculture 
Nutrition and Feed Science, 15(2: 102-110.

Ekelemu, J.K. and Okoro, K.O. (2020) Bio-accumulation of heavy metals in five fish species in lower River 
Niger at Illah, Delta State, Nigeria. Nigeria Journal of Fisheries, 17 (1): 1941 – 1945.

Etuk, E. A., Ogban, G. O. and Idiong, C. I. (2021). A comparative economic analysis of aquaculture production 
systems in Southern Agricultural Zone of Cross River State, Nigeria. African Journal of Aquatic 
Science, 46(3): 287-295.

Fakorede, C. N. and Fatokun, E. N. (2020). Bacteriological quality and antibiotics' susceptibility profile of 
small-medium scale commercial fish farms in Nigeria. The Open Aquaculture Journal, 14(1): 76-85.

Iloba, K. I., and Arebun, B. (2020). Comparative study on water variables and plankton diversity of earthen 
fish ponds along river Ethiope. IOSR Journal of Environmental Science, Toxicology and Food 
Technology, 14(4): 56-63.

Ogunji, J.and Wuertz, S. (2023). Aquaculture development in Nigeria: The second biggest aquaculture 
producer in Africa. Water, 15(1): 32.

Omoregie, E. (2023). African aquaculture: Enhancement of water quality for sustainable freshwater finfish 
culture. Sustainable Aquaculture Innovations in Africa (pp. 341-363). 

Thompson, O. A., Arifalo, S. F.and Atejioye, A. A. (2021). Determinants of climate change risk management 
strategies among the aquaculture fish farmers in Nigeria using multinomial logit model. 
Fisheries and Aquaculture Journal, 12(6): 416-426.

Umehai, M. C. and Ekelemu, J. K. (2023). Assessment of some Physico-chemical water quality parameters 
and Prawn Species in Ase River, Delta State, Nigeria. Journal of Aquatic Sciences. 38 (2): 213 – 222 

802

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
ABUJA



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

A REVIEW OF OVERFISHING AND FISH BIODIVERSITY IN NIGERIA 
INLAND WATER BODIES 

1 1 1 1  1 1  2 3 1Okojie B. H, P.I Ifejika, M Yisa, K.E Ogbuebunu, A Bello, U.O Bajeh, D.E Abuh, C.E Eze, N.A 
1Abiodu, AND M. Najak

1National Institute for Fresh Water Fisheries Research, P.M.B 6006, New Bussa, Niger State, Nigeria.
2
Eco-Climate Foundation, Social Centre Complex, ABU Zaria, Kaduna State.  

3
Fisheries and Aquaculture Department Federal College of Animal Health and Production, Vom, 

Plateau State, Nigeria

Corresponding author:
honblejack4u@gmail.com, 07031385207

INTRODUCTION
Nigeria has wide varieties of inland water bodies which are rich in diverse finfish and shellfish. About 
two third of the country lies in the watershed of the Niger River, Benue River, Cross River, Anambra 
River, Imo River, Kwa Iboe River, Ogun River and Oshun River (Olopade et al. 2017) and innumerable 
small rivers. The most prominent amidst the networks of rivers in Nigeria is the Niger – Benue system, 
whereas Lake Chad and kanji are the most important with regards to fish production (Eyo and Ahmed 
2005). In Kogi State is a confluence state where two rivers (Niger and Benue) meet in Lokoja, and 
there exist these water bodies like river Okura, Ochaja spring, Itobe, Bassa, Imabolo (Abuh, 2022). 
These water bodies have been exploited by artisanal fishers operating in rivers, streams, estuaries, 
wetlands, brackish water, natural and man-made lakes for various benefits, including food security, 
livelihoods and employment. 
In Nigeria, the inland capture fisheries have been the most neglected by the government 
notwithstanding the significant contribution of the sub-sector. In Nigeria, over 230 freshwater fish 
species have been reported in the country water bodies belonging to about 105 genera and 46 families. 
Over the years, more than 80 species have been identified as commercially important while about 20 
has been shown to have aquaculture potential (FISON group chat 2022). The catch of the inland 

A B S T R A C T 
Nigeria's inland capture fisheries face unprecedented threats from 
overfishing posing significant risk to food security and sustenance of 
fish biodiversity. This study examines the fish biodiversity, 
overfishing, and management strategies of capture fisheries in 
Nigeria's inland water bodies. The study is based on secondary data 
on published works relevant to the subject. It was found that Nigeria 
is endowed with extensive inland water bodies of different 
dimensions that are very rich in fish biodiversity of commercial 
importance for sustainable fishing. Also, over 230 freshwater fish 
species have been reported in the country water bodies belonging to 
about 105 genera and 46 families. How fish depletion in inland water 
bodies is associated with overfishing with poisons, inadequate 
regulations, inappropriate gears particularly under mesh size below 5-
7.5 mm, weak enforcement of fishing laws, and limited awareness. In 
view of the foregoing, there is need for sustainable inland fisheries 
management by government and communities through stock 
assessment, restocking, community management approach, law 
enforcement as well as training and awareness creation.

Keywords:
Nigeria, capture,
fisheries.
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capture fishery is dominated by Lates spp., Tilapia spp., Citharinus spp., Chrysichthys spp., Mormyrus 
spp. and Clarias spp. (Arawomo 2004).  For decades, the catches from the inland water bodies steadily 
increased with most fish stocks now classified as overfished due to continuous overfishing and use of 
obnoxious fishing methods such as the use of small mesh, unselective fishing gear, fish poisons and 
explosive. The overexploitation of the finite resources has led to a drastic reduction in inland rivers and 
lakes fish production from 213,996 metric tonnes in 1998 to 181,268 and 194,226 metric tonnes in 
2000 and 2001 respectively (Eyo and Ahmed 2005). 
The status of the inland capture fisheries in Nigeria is largely a result of a failure of the present process 
of fisheries governance which pose significant threats to the management of fisheries resources. The 
lack of effective governance can be attributed to outdated, weak and inappropriate regulations and 
incoherent policy. There is, however, a need to protect and sustainably manage inland capture fisheries 
in Nigeria that are essential to people. This paper identifies inland water bodies in Nigeria, assess causes 
of over fishing and ascertain management strategies to control over fishing.
Outline of the review
The derived outline for the study is to;
1. Describe inland water bodies and their fish biodiversity 
2. Assess causes of over-fishing in inland water bodies
3. Ascertain management strategies to control overfishing 

METHODOLOGY
The study used secondary data sourced from published works in institutional based journals, 
conference proceedings, among others. Journals were sourced through academic search engines such 
as Google scholar and other academic platforms like Research gate. Academic journals that fit into the 
topic were selected and scrutinized based on the reliability of the information therein.

RESULTS AND DISCUSSIONS
Inland Water Bodies and Fish biodiversity in Nigeria 
Nigeria is watered from North to South and East to West by a network of rivers and fish diversity. 
Rivers Niger and Benue that form a big 'Y' right across the middle of Nigeria at Lokoja originate from 
outside the country (Ajai 2012). The rivers of Nigeria may be divided into four main groups: (1) the 
Niger-Benue system, (2) the rivers west of the lower Niger, (3) the rivers east of the lower Niger and 
(4) those flowing into Lake Chad.  All rivers flow across the territory to empty into Lake Chad in the 
North-East corner or the Atlantic Ocean in the South.  The major rivers make up about 11.5 percent 
whereas lakes and reservoirs about 1 percent of the total area of Nigeria (Ajai 2012). The total water 
bodies, including deltas, estuaries, etc., make up about 15.9 percent of the total area of the country. In 
Nigeria, over 230 freshwater fish species have been reported in the country water bodies belonging to 
about 105 genera and 46 families. Table 1 below shows list of inland water bodies with approximate 
surface area in Nigeria. As shown, Lake Chad is largest natural lake measuring 550,000 hectares 
whereas lake kainji is the largest man-made lake measuring 127,000 hectares. These inland water 
bodies are rich in fish biodiversity which provides livelihood, income and fish food security for riverine 
communities in fishing, gear, fish processing, marketing, inputs and transportation, among others. Lake 
Chad is found to have between 120 to 140 fish species, 150,000 tonnes of fish worth (tag my fish 
2024). Also, Table 2 depicts fish abundance in dams and reservoirs of which lake Lake Njoboliyo 
(19.10%) has the highest fish species, followed by lake kainji 16.40% and Kiri Reservoir (16.0%) where 
as the least is Ajiwa Dam and Kontagora with 2.30% fish species. This entails enforcement of 
sustainable fisheries management of the resources to avoid depletion and overfishing. In view of this, 
NIFFR had done stock assessment, frame survey and restocking of some lakes and reservoirs like Kaiji, 
Dadin Kowa, kontagora, Tatabu among others (review work on niffr annual report).
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Table. 1: Types of water bodies and Approximate surface area(ha)

Types of water bodies Approximate surface area(ha) Reference

Major Rivers

Anambra River 1,401,000 Ita and Sado,  
1985Benue River 129,000

Cross River 3,900,000

Imo River 910,000

Kwa Iboe River 500,200

Niger River (less Kainji and Jebba    lakes) 169,800

Ogun River 2,237,000

Oshun River 1,565,400

Major Lakes and Reservoirs

Lake Chad (natural) 550,000

Kainji Lake (man-made) 127,000

Jebba Lake (man-made) 35,000

Shiroro Lake (man-made) 31,200

Goronyo Lake (man-made) 20,000

Tiga Lake (man-made) 17,800

Chalawa Gorge (man-made) 10,100

Dadin Kowa (man-made) 29,000

Kiri (man-made) 11,500

Bakolori (man-made) 8,000

Lower Anambra (man-made)
5,000

Zobe (man-made) 5,000

Oyan (man-made) 4,000

Types of water bodies Approximate surface are a
(ha)

Reference

Table. 2: Distribution of Fish Families and Abundance in Dams and Reservoirs in Nigeria

Reservoirs No of Families No of Fishes Noof 
Species

Percentage
of Species

Ajiwa Dam 5 390 7 2.30%
Dadin Kowa Reservoir 14 988 28 9.50%
Goronyo Reservoir 11 10,105 19 6.50%
Gurara Reservoir 10 1,239 9 3.00%
Kainji Lake 16 407 48 16.40%
Kiri Reservoir 15 2,179 47 16.00%
Kondo River 13 157 29 9.90%
Kontagora Reservoir 4 256 7 2.30%
Lake Njoboliyo 17 5,067 56 19.10%
Omi Reservoir 10 1,239 14 4.70%
Tatabu Flood Plain 14 259 28 9.50%
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Causes of overfishing
Overfishing is one of the major causes of fish depletion in water bodies in Nigeria over the decades causing 
decline in domestic fish production and consumption as well as increase in fish importation to meet local 
needs. Obnoxious fishing practice are destructive fishing practice that poses a threat to the ecosystem and 
they include the use of small mesh size, blast fishing, bottom trawling, cyanide fishing, muro-am and ghost 
fishing. Obnoxious fishing practices involve fishing with explosives and poisons that damage the ecosystem, 
killing most of the non-target species and compromising any possibility of sustaining yields in the future. The 
use of obnoxious fishing practices has been seen as a challenge in conserving the kanji and Jebba lakes 
(Nwabeze and Erie 2013). Another factor is high demand and consumption due to population increase. As the 
global demand for fish increases, fishing efforts intensify to meet the demand, often leading to overfishing and 
obstacles within the ecosystem. Advancements in Fishing Technology: While large-scale trawlers, longlines, 
and fish finders allow fishermen to catch fish more rapidly and in larger quantities, they also contribute to 
overfishing. Lack of Effective Fisheries Management: Inadequate or ineffective fisheries management is a 
major contributor to overfishing. Poorly designed or implemented fishing regulations, weak enforcement, and 
insufficient monitoring and surveillance can fail to control fishing activities and protect fish populations. Lack 
of Data and Scientific Knowledge: Insufficient data on fish populations and their reproductive capacities can 
make it challenging to assess the health of fish stocks accurately. Inadequate scientific knowledge and 
understanding of ecosystem dynamics can lead to conservative or inaccurate assessments, potentially allowing 
overfishing to go unnoticed until it becomes a severe problem
Types of overfishing 
• Growth overfishing:  this occurs where the young fish (recruits) are harvested at an average size 
that is smaller than the size that would produce maximum yield per recruit.
• Recruitment overfishing: This occurs where the parent stock is so reduced that not enough young 
are produced by the fishery to maintain itself.
• Ecosystem overfishing: This occurs where species distribution is drastically changed, altering the 
efficiency of the system.  In this situation, the niche inhabited by originally abundant species is not 
fully taken up by other species, changing the system's productivity.
• Economic overfishing:  This occurs where the cost of fishing effort is greater than the revenue 
generated from the fishing.  As fish stocks decline, the effort required to catch a given quantity of fish 
increases.

Signs of overfishing 
• General decline in catch per unit effort and observation that the increase in fishing effort does not 
result in a proportional increase in the catch. 
• Reduction in genetic diversity, especially when the stock size is greatly reduced from natural level. 
• Decline in catches in larger mesh net, results into high catch in small mesh net. 
• High concentration of fishermen per unit length of shore land per surface area. 
• Rise in the cost of catching a unit weight of fish associated with increase in effort without relative 
increase in catch. 
• Mass migration of non-indigene fishermen to other places. 
• Decrease in market landing as compared to previous year or season.  
• Increase in the price of fish in an area which could be a sign of low harvest resulting from 
overfishing.  
Management strategies to control overused fishing. 
As far as fisheries management is concerned in Nigeria, there are two systems are identified namely, 
government and traditional institutions. Traditional management systems entail the regulation of 
fisheries activities and resources by traditional authorities or communities approach using common 
beliefs or norms, prescriptions, religious practices, behaviours, taboos, magic, languages and such 
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systems are still operational in spite of the population growth, changes in legal systems, urbanization, 
commercialisation and technological change. (Ramazzoti 2008). Under government management 
system, the following approaches are operational; 
Registration and licensing of fishermen:
There is a need therefore to initiate the licensing and registration of fishermen in all the water bodies in 
Nigeria to increased fish production and gainful employment for full-time fishermen is to be achieved. 
However, part-time fishermen could willingly give up fishing without any loss of income if compelled 
to pay licensing and registration fees. Such voluntary withdrawal could result in significant 
improvements in the overall productivity of the water bodies. 
Mesh size regulation:
By increasing the mesh size from 5 to 7.5 mm about 14 out of 30 commercially important species 
would be allowed to reproduce at least once before they were captured. The investigation revealed that 
the tilapias, which comprised about 49% of the total standing crop of commercially important species 
in the lake, often attain sexual maturity long before they grow to the size held by a 7.5 mm mesh net. 
This law is already operational in Kainji Lake fishery management by Niger state. This mesh size has 
also been recommended as the standard minimum mesh size for all inland water bodies in Nigeria in 
view of the fact that the distribution of fish species in most of the inland water bodies in the country 
follows the pattern of the Niger-Benue River systems and their tributaries. Similarly, a majority of the 
reservoirs so far surveyed in the country have tilapia as the dominant species.
Gear size regulation:
In order to guard against undue increase in fishing effort, gear size regulations (or quota regulations) 
must be enforced along with mesh size. The major factors to be considered in gear size regulation, given 
the stipulated number of boats or fishermen to be allowed to fish a water body and the specified 
minimum mesh size to be used, are the potential fish yield of the water body, and the observed yield at 
the time the quota regulation is to be enforced.
Prohibition of the use of poison and explosives:
Generalized laws prohibiting the use of unorthodox fishing methods, such as poisoning and explosives 
as well as agrochemicals should also be promulgated to guard against indiscriminate killing of juvenile 
fish and waste of fish biomass.
Closed season and area:
Specific study may be necessary in order to determine the particular area or season to be closed to 
fishing before regulations are framed. In almost all cases, areas to be closed to fishing are usually the 
spawning ground of most fishes e.g., shallow floodplain areas of lakes, reservoirs and rivers. Decaying 
organic matter is the major food of all juvenile fishes and most of the adults. This organic matter also 
enriches the nutrients in the water giving rise to the production of more food organisms. In addition to 
providing food, the flooded swamps or bush also provide cover for young fish during their early 
development, thus protecting them from open predation by carnivores. Such areas are specific to each 
lake and should be carefully identified before enforcing regulations. The same areas should be closed to 
fishing during the peak breeding season which often corresponds with the period of the high flood.

CONCLUSION AND RECOMMENDATION 
Overfishing in Nigeria's inland capture fisheries poses significant threats to the country's food security, 
economic development and environmental sustainability. The alarming rate of depletion of fish stocks, 
degradation of aquatic habitat, and disregard for sustainable fishing practices necessitate urgent 
attention and collective action. The consequence of overfishing is far reaching that if urgent measures 
are not taken, then there will be a problem in feature. In kainji lake there has been management 
practice put in place as far back as 1997 and those management practices has long been forgotten and 
are no longer practiced.
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The following is recommended: 
• Education is considered as a key component in the effective management systems of all successful 
fisheries.  Fishers must be educated to use prescribed mesh sized net, so that under sized fishes would 
not be killed. 
• Existing illegal and indiscriminate fishing practice must be strictly checked by imposing stringent 
laws and penalties. 
• Government should allocate more policy attention and resources to develop inland capture 
fisheries in Nigeria. 
• Small scale fisheries development requires special support from government. An integrated 
approach through, and with the participation of, fishing communities is often the best way of 
channelling technical, financial and other form of assistance. 
• Restocking and stock enhancement programs should be introducing in most inland water by 
releasing reared juveniles into open waters has proven to be very effective for some species.
• All fishermen should be registered and licenced.
• Mesh size regulation should be enforced.
• The use of obnoxious fishing practices should be banned.
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INTRODUCTION
Antibiotics are natural or synthetic substances used as antibacterial drugs to kill or inhibit the growth 
and spread of bacterial pathogens. Antibiotics are employed prophylactically, therapeutically, or 
metaphylactically in animal husbandry (Patel et al. 2019; Okoye et al. 2022b) and aquaculture 
(Lulijwaet al., 2020 and Scharet al., 2020).Antibiotics are also utilized to boost growth in 
aquaculture.The clove (Syzygium aromaticum) is a useful, valuable, and essential household spice 
belonging to the family Myrtaceae that is used as a food preservative and its medicinal benefits have 
been known for centuries. Clove has a historical background and it is believed to have originated in the 
1st century BC (Hussain et al., 2017). Its unique odor and sweet taste are commonly used as a spice 
worldwide (Milind and Deepa, 2011; Saeed et al., 2021). Clove and its derivatives are used as herbal 
medicine for the treatment of various diseases world-wide (Saeed et al., 2021). 
Antibiotics are mixed with feed and feed ingredients with a sub-therapeutic dose to maintain good 
water quality and appropriate dietary management. One of the most used antibiotics in fish farms is 
oxytetracycline (OTC) (Rigos and Troisi, 2005). OTC is a broad-spectrum tetracycline based 
antibiotic with bacteriostatic action produced by Streptomyces spp. fungi used to treat general 
bacterial infections of fish (Jerbi, 2011). Oxytetracycline (OTC) has been widely used in aquaculture 

ABSTRACT
A research was conducted  to determine the effects of natural 
(cloves) and synthetic (oxytetracycline) antibiotics as prophylactic 
treatment of Clarias gariepinus fry. Five (5) treatments each were 
used for the natural and synthetic prophylactic treatment of Clarias 
gariepinus fry. The following treatments were given to both natural 
and synthetic antibiotics: treatment 1, 00g/l of water, treatment 2, 
5g/l of water, treatment 3, 10g/l of water, treatment 4, 15g/l of 
water, and treatment 5, 20g/l of water. One thousand five hundred 
(1500) fry of African Catfish (Clarias gariepinus) were used for the 
experiment which was subdivided in to seven hundred and fifty 
(750) fry for natural and  synthetic groups.The Five (5) treatments 
for natural antibiotics and synthetic antibiotics havefifty (50) per 
sample size with two (2) replicates each, giving a total of 150 fry per 
treatment. The result indicates that natural antibiotics were actually 
good but the active ingredients in the natural (clove) were strong to 
the extent that it kills most of the fry. The effect of synthetic 
(Oxytetracycline) antibiotics was effective in this study at 15g/l of 
water. the result indicates highest survival rate (92%) of fry treated 
with synthetic antibiotics. Based on this research, Oxytetracycline-
OTC used at 15g/l of water was effective in the treatment of fry.

Keywords:
Cloves, Oxytetracycline,
fry, Clarias gariepinus.
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as a therapeutic and prophylactic agent because of its broad-spectrum activity. OTC was the first 
antibacterial approved by USFDA for use in finfish aquaculture. Oxytetracycline (OTC) is one of the 
most used antibiotics in aquaculture. This raises concerns due to its effects in human and animal health, 
the environmental contamination and the consequences arising therefrom (Leal, 2019).
The different classes of antibiotics used in aquaculture include aminoglycosides, quinolones, 
sulfonamides, tetracyclines, macrolides, chloramphenicols, ß-lactams, nitrofurans, lincosamides, and 
polymyxins (Sun et al. 2020). Antibiotics usage in aquaculture is largely unregulated in many 
developing Nations, leading to indiscriminate antibiotic use (Budiati et al.2013), and even where laws 
do exist, stringent compliance is largely nonexistent. The most often used antibiotics in aquaculture 
are: oxytetracycline, florfenicol, and sulfadiazine (Lulijwa et al., 2020 and Sun et al. 2020).

MATERIALS AND METHODS
Location of the Study
The experiment was carried out in  the Fisheries Unit of the Experimental Farm under the 
Department of Fisheries Technology, College of Agriculture, Science and Technology, Lafia. 
COLLECTION OF FISH
Clarias gariepinus fry were obtained from Department of Fisheries Technology, College of 
Agriculture, Science and Technology, Lafia and were used for the study respectively.
EXPERIMENTAL DESIGN
There were two types of antibiotics used: synthetic (oxytetracycline) and natural (clove). The natural 
antibiotics were purchased from Shabu Market in Lafia, and each antibiotic had four treatments with 
three duplicates. Antibiotic oxytetracycline was purchased from veterinary store in Lafia. The 
following treatments were given to both natural and synthetic antibiotics: treatment 1, 00g/l of water, 
treatment 2, 5g/l of water, treatment 3, 10g/l of water, treatment 4, 15g/l of water, and treatment 5, 
20g/l of water. One thousand five hundred (1500) fry of African Catfish (Clarias gariepinus) were 
used for the experiment and each of the treatments with 150 fry, seven hundred and fifty (750) fry for 
natural and seven hundred and fifty (750) fry for synthetic. There five (5) treatments each from 
natural antibiotics and synthetic antibiotics with three (3) replicates per treatment. The fry were 
treated for duration of 50 days.
Determination of Survival Rate
Survival rate (%) (SR)

Determination of Physico-Chemical Parameters 
Aerators were employed to provide the necessary amount of dissolved oxygen in water, and Dissolved 
Oxygen was measured using Dissolved Oxygen meter Model AR8210, pH was measured using Hanna 
pH meter model HI 96107, temperature was measured using mercury-in-glass thermometer,  Hach 
CO2 Test Kit (model HACH-WT-20) was used to determine carbon dioxide, while Hack Ammonia 
Test Kit (Model HACH-WT-20)  was used to determine  ammonia.

Statistical Analysis 
Analyses of variance (ANOVA) were used to assess the experiment's data, and a significant mean 
separation was performed at the 0.05% probability level, in accordance with Steel et al.'s (1997) 
description.

RESULTS AND DISCUSSION
The result obtained from the experiment on the effect of natural and synthetics antibiotic in the 

SR=100 x total number of fingerlings that survived  
Total number of fingerlings stocked  
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survival of African catfish (Clarias gariepinus) fry, were presented in table 1.
 Table 1: shows survival of Clarias gariepinus fry under different doses of natural antibiotics (Cloves) 
and synthetic (Oxytetracycline) antibiotics for 50 days.

parameters  treatments g/ l of water natural antibiotics 
(cloves)

treatments g/ l of water . synthetic antibiotics 
(oxytetracycline)

trt 1 trt 2 trt 3 trt 4 trt 4 trt 1 trt 2 trt 3 trt 4 trt 5

00g/l 5g/l 10g/l 15g/l 20g/l 00g/l 5g/l 10g/l 15g/l 20g/l

Initial number of fry 50 50 50 50 50 50 50 50 50 50
Mortality rate 5 24 30 34 48 8 10 7 4 20
Survival rate 45 26 20 16 2 42 40 43 46 30
% Survival 90% 52% 40% 32% 4% 84% 80% 86% 92% 60%

The table above shows the comparative effect of using natural and synthetic antibiotics. 
Synthetic (oxytetracycline) generally has the highest survival rate(46) at 90%with same massmixture 
for the feed quantitycompare to that of the natural (cloves) antibiotics (16) with 32%. This could be 
due to the highsolute concentration of natural antibiotic (cloves) which tend to kill the fry at high 
exposure period. The natural (clove) antibiotic is more powerful and more effective than the synthetic 
(oxytetracycline) antibiotic although the survival rate of synthetic antibiotics was higher. 

WATER PHYSICOCHEMICAL PARAMETER.
The water quality parameters where within the acceptable range, Dissolved oxygen 5.2 – 6.8 ml/l, 
temperature 25-27oC, pH 6-7.5 and carbon dioxide ranges between 1.38-1.58ppm

Table 2: Water physicochemical parameters 
PARAMETERS  TREATMENTS g/ l of water . NATURAL 

ANTIBIOTICS (CLOVES)
TREATMENTS g/ l of water . SYNTHETIC 
ANTIBIOTICS (OXYTETRACYCLINE)

TRT 1 TRT 2 TRT 3 TRT 4 TRT 5 TRT 1 TRT 2 TRT 3 TRT 4 TRT 5

00g/l 5g/l 10g/l 15g/l 20g/l 5g/ 5g/l 10g/l 15g/l 20g/l

Temperature OC 27 26 26 27 26 26 25 26 27 27
pH 7.1 6.5 6.5 6.00 6.00 6.8 7.6 7.5 7.5 6.5
Dissolved Oxygen ml/l 5.2 5.8 5.6 5.00 5.00 6.5 6.8 6.2 6.6 6.2
Carbon Dioxide ppm 1.42 1.45 1.50 1.54 1.58 1.45 1.49 1.43 1.5 1.38

DISCUSSION
it is not uncommon for farmers to use antibiotics during their aquaculture operations (Ali, et al.2016, 
Kawsar, et al. 2019., Kawsar, et al.2022., Uddin and  Kader 2006). it is based on the fact that the use of 
antibiotics is uncommon that this research was able to look at the natural and synthetic antibiotics in 
the rearing of fry.the results of the study indicated that the use of synthetic antibiotic (oxytetracycline) 
at a concentration of 15g/litre  of water gave a higher survival rate of 92% compared to the highest 
survival in natural antibiotics (cloves) of  52% with a concentration of 5g/.litre of water. 
in this study, it was observed that correct application of the right dosage has positive effects on the fry.
 this is in line with Ali et al. (2016) found that lack of knowledge and awareness of farmers on the 
proper use of chemicals, was a key driver that led to indiscriminate use of chemicals with dosing and 
method of application not being followed.
the studies of fish farms have shown that the majority of antibiotics added in feed are not assimilated 
by fish but go into the environments (Weston, 1996). Le and Munekage (2004) also reported that 
antibiotics residues may cause harmful effect on ecosystems. 
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CONCLUSION
The study conducted shows that 15grams of synthetic contributed has the highest surviving rate of fry 
that were used for the experiment and they were smart and active in the water and they responded to 
feed actively compare to other experiment, although that of 20 grams of natural antibiotics kills almost 
all the fry. The use of natural antibiotics is recommended for the treatment of fry. Although there was 
high mortality rate on the dosage used for this study but lower doses of 5g of cloves/litre of water and 
below can be tried by other researchers. The use of synthetic (oxytetracycline) in the study gave a good 
result with a concentration of 15g/l of water and hence recommended for use by fish breeders.We also 
recommend that more research be carryout on natural means of treating fry rather than the use of 
synthetic antibiotics. More research is needed in order to determine the consequences of the 
application of large quantities of antibacterial. Considering the rapid growth and importance of the 
aquaculture industry in many regions of the world and the widespread, intensive, and often 
unregulated use of antibacterial agents for fish and shellfish production, additional efforts are required 
to prevent the development and spread of antibacterial resistance in aquaculture.
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ABSTRACT
The growing population in Nigeria has led to an increasing demand for fish 
and animal protein, highlighting the need for sustainable aquaculture 
systems. Integrated rice-cum-fish (IRF) farming presents a 
promising solution to meet this demand, however, the fish in this 
system depends on the naturally available food sources in the field 
such as plankton and other small organisms. Hence, for this system to 
benefit society effectively. This study was aimed to assess the key 
environmental factors, including water and soil quality and the 
species diversity of plankton and macroinvertebrate in the IRF 
systems across different ecological zones in Nigeria. 
The study was carried out for 16 weeks in Ebonyi, Kebbi, Oyo, and, 
Sokoto, data were collected biweekly on parameters like water and soil 
quality, plankton and macroinvertebrates samples for abundance and 
diversity following standardized methods. Diversity index such as 
Simpson, Shanon-weiner and Margalef were adopted and One-way 
ANOVA with SPSS at a significance level of P<0.05 was used for 
statistical analysis.
Results from water and soil quality analysis in Ebonyi, Kebbi, UDUS and 
UI DO 5.18±0.63(mg/l), 12.12±0.75 (mg/l), 12.656±0.644(mg/l) and 
5.206±0.389(mg/l) respectively shows that IRF systems have good 
dissolved oxygen level for fish culture and soil qualities (pH 
7.05±0.5, 6.95±0.26, 6.53±0.46 and 6.84±0.5 (g/kg) respectively 
shows that the pH level for fish and rice culture is optimum for their 
growth. The Margalef diversity index for plankton richness indicates 
that UI had highest 4.962 followed by Ebonyi with 2.851 then Kebbi 
with 1.868 and Udus with 1.814.
This study revealed that IRF practices in these zones are environmentally 
sound in terms of better nutrient distribution and diversity.

Keywords:
Plankton
Macroinvertebrates,
Diversity, Water and
Soil quality 
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INTRODUCTION
In Nigeria, rapid population growth has led to a rising demand for fish and animal protein, to ensure 
sustainable food access, it is critical to increase food production while balancing the demands of a 
growing population with environmental sustainability. As a result, transforming food systems has 
become essential to reduce environmental impacts and sustain livelihoods, while producing sufficient 
quantities of nutritious food (FAO, 2018). One promising solution is farm diversification, such as 
integrating rice and fish farming, as integrated rice-cum-fish (IRF) culture offers an environmentally 
friendly approach to increasing both rice and fish production, the reared fish in this system depends on 
the naturally available food sources in the field such as planktons, soft aquatic plants and other small 
organisms (FAO, 2018). Phytoplankton, which is the major primary producer of an aquatic food web, 
thus, plays a vital role in productivity of the rice-fish ecosystem. Omnivore fishes effectively utilise 
planktons as fish food (Das, 2018). Thus, for this system to benefit society effectively, vital key 
environmental factors needs to be documented, these includes water, soil quality, primary 
productivity, and the diversity of plankton and macroinvertebrates within the IRF system. This study 
aims to evaluate water and soil quality, abundance and diversity of plankton in an IRF system under 
different ecological zone in Nigeria.

MATERIALS AND METHODS 
The study was conducted for 16 weeks in four selected research sites identified in the Ebonyi, Oyo, 
Kebbi  and Sokoto states;  the locations of the sites are as follows; USAID plot in the Department of 
Aquaculture and Fisheries Management, University of Ibadan, Ibadan, Oyo State, Nigeria, (latitude 
7°26'40.35”N and longitude 3°53'58.29” E), Usman Dan Fodio University (latitude 13.1246°N and 
longitude 5.1994° E), Sokoto (latitude 12.4376°N and longitude 4.2078° E), Ebonyi Latitude 
6.2649°N and longitude 8.0137°) Nigeria. The IRF plot was 22mx15m dimension rice field and a 
1.5mx1.5m canal for fish refuge, the plot was stocked with Clarias gariepinus at the rate of 4 fish per 
m2 (at mean weight of 4g at n=1,500) and the fish stocking was done intermittently after paddy rice 
(FARO 44) was planted following a 20x20cm inter and intra spacing following FAO established 
standards. Data were collected bi-weekly for four months. plankton net (25 µm mesh size) and fixed in 
5% formalin on-site. Quantitative analysis of phytoplankton was carried out using Sedgewick-R after 
counting chamber (S-R cell) with 1 ml subsample in the counter and counting of plankton units present 
within 10 random squares of the cells and computed the density with Stirling (1985). The 
phytoplankton were then identified up to genus level and enumerated using standard identification 
manual (e.g. Bellinger, 1992; Guiry and Guiry, 2018). Macroinvertebrates samples were collected 
using the method by Bett, (2019). Diversity indices for plankton and macroinvertebrates were done 
(Simpson 1949; Shanon-weiner, insert year and Margalef, 1974).   Water quality parameters like pH, 
Dissolved oxygen, nitrate, nitrite, ammonia, were analyzed insitu in each of the rice cum fish 
production systems using pondlab test-kit in accordance with water quality standards by APHA 
(1995). Soil quality parameters like Nitrogen, Phosphorus and organic carbon were taken, analysed 
and recorded monthly using standard methods (APHA, 1989; Biswas, 1993). SPSS statistical software 
package was used to analyse the experimental data which were subjected to one-way ANOVA.
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RESULTS AND DISCUSSION
Table 1: Diversity indices of macroinvertebrates and plankton classification of integrated rice fish 
farming in all the adaptive sites

MACROINVER
TEBRATES

UI
EBON
YI

UDU
S

KEBBI PLANKTON UI EBONYI UDUS KEBBI 

Taxa_S 11 12 10 11 Taxa_S 39 24 14 15

Individuals 215 313 148 255 Individuals 2117 3192 1294 1801

Dominance_D 0.1287 0.1727
0.226
4

0.2096 Dominance_D 0.1203 0.07551 0.1002
0.0943
9

Simpson_1-D 0.8713 0.8273
0.773
6

0.7904 Simpson_1-D 0.8797 0.9245 0.8998 0.9056

Shannon_H 2.214 2.011 1.83 1.925 Shannon_H 2.755 2.75 2.387 2.492

Equitability_J 0.9233 0.8094 0.7946 0.8026 Equitability_J 0.752 0.8654 0.9046 0.9204

Evenness_e^H/
S

0.8321 0.6228
0.623
1

0.623
Evenness_e^
H/S

0.4031 0.652 0.7773 0.806

Margalef 1.862 1.914 1.801 1.805 Margalef 4.962 2.851 1.814 1.868

Fig 1: Mean abundance of plankton in all the experimental sites
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Table 2: Soil quality parameters of all the experimental sites

 UI EBONYI UDUS KEBBI

pH 7.05±0.50a 6.53±0.46bc 6.95±0.26ab

Nitrogen (g/kg) 1.86±0.52bc 2.01±0.20ab 2.42±0.32a

Phosphorus 
(mg/kg)

D.o (mg/l) 5.17±0.16 5.34±0.21 4.91±0.52

Organic carbon 
(g/kg) 20.22±6.02a 17.88±4.02bc 17.93±1.25bc

Potassium 
(cmol/kg)

6.84±0.5abc

1.29±0.07c

15.9±0.46c 5.85±4.78b 6.55±7.38b

10.23±0.04a

5.16±0.53

17.38±0.53c

0.18±0.00b 0.28±0.34
b 0.53±0.15b 0.98±0.22a

*Mean with the same superscript along the row is not significantly different at p>0.05. 
*Mean with different superscript along the row is significantly different at p>0.05. Mean with no 
superscript along the row is not significantly different at p>0.05 

TABLE 3: Mean value of all the water quality parameters of pooled cycles in all the experimental sites

UI EBONYI UDUS KEBBI

General 
hardness 92.956±30.918a 73.742±23.325b 32.200±13.810bc 44.742±10.488c

pH 7.378±0.425ab 6.827±0.300c 7.656±0.539a 7.247±0.568a

Nitrate (mg/l) 0.278±0.081 0.080±0.099 0.234±0.063 0.551±0.793

Nitrite (mg/l) 0.556±1.617a 0.000±0.000b 0.203±0.101b 0.401±0.472b

Ammonia(mg/l) 0.183±0.134 0.098±0.101 0.119±0.040 0.222±0.162

Alkalinity 107.789±32.578a 66.018±8.703b 53.388±0.890c 66.872±27.686b

Dissolved 
Oxygen (mg/l) 5.206±0.389a 5.183±0.629a 12.656±0.644b 12.122±0.753b

*Mean with the same superscript along the row is not significantly different at p>0.05,
*Mean with different superscript along the row is significantly different at p>0.05 *Mean with no 
superscript along the row is not significantly different at p>0.05 

Fig 2: Mean abundance of macroinvertebrates in all the experimental sites
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The above table 1 shows the macroinvertebrates and plankton identified and its abundance at various 
sites. Fig 2: macroinvertebrates classification in all the experimental sites. Macroinvertebrates are used 
to assess the condition of the aquatic environment or to monitor trends in condition over time (Siddig 
et al., 2016). A number of families or genera of water beetles (Coleoptera) have shown to be potential 
bioindicators for fast and cost-efficient monitoring of the overall quality of wetland ecosystems (Foster 
et al., 2015; Malherbe et al., 2015) regions. For example, dragonflies and damselflies (Odonata) larvae 
have shown to be good biological indicators of grazing impacts on wetlands (Lee Foote and Rice 
Hornung, 2005). The plankton abundance of all the location in the individual and the number of 
species found in all the location. Using shanon-weiner index UI and Ebonyi shows moderate diversity 
while Udus and Kebbi shows low diversity. Using Simpson index, they are all high in diversity, but 
species from Ebonyi had the highest diversity (0.925) while UI exhibit the least diversity (0.88). Based 
on Margalef index all the experimental sites have high diversity, with same diversity same high and low 
states with Simpson grading. 

Fig 1: Phytoplankton are an important source of numerous nutritional components, such as vitamins, 
mineral elements, and fatty & amino acids for fish larvae (NapiórkowskaKrzebietke, 2017). The most 
abundant plankton for UI were Euglenaceae, Desmidiaceae, Selenastraceae, Microsporaceae 
Scenedesmaceae that of Ebonyi is Chydrodea, Fragilariaceae, Closteriaceae, Desmidiaceae, 
Cyanobacteriaceae, Microsporaceae, Chlorophyecae. Udus is Chlamydomonadaceae, 
Hydrodictyaceae, Ulotrichaceae, Cyanobacteriaceae, Scenedesmaceae. Kebbi is Chlamydomonadaceae, 
Scenedesmaceae, Desmidiaceae, ,Selenastraceae, Bacillariophyceae, Stephanodiscaceae  For all this 
study, all the sites most abundant planktons were Euglenaceae, Desmidae, selenastraceae, 
Microsporaceae, Scenedesmaceae. Which is very similar to the study of Udin et al. (2018) that had 
most dominant planktonic groups namely Bacillariophyceae, Chlorophyceae, Cyanophyceae, 
Euglenophyceae and Rhodophyceae. The most dominant group was Chlorophyceae followed by 
Euglenophyceae, Bacillariophyceae, Cyanophyceae and Rhodophyceae. This result is more or less 
similar to the results of Rahman (2004) and Hasan (2009) 

The Shannon-Wiener diversity index H' is an index of diversity assessment and positively correlated 
with the water quality, it also takes into account both abundance and evenness of species present in the 
ecosystem. It reflects the evenness of distribution of each species, mainly ranging from zero (no 
evenness) to one (complete evenness). D is one of the diversity indices used to measure the richness of 
community species. Therefore, the more stable communities tend to show higher H', J and D values. 
According to Fernando et al., 1998, classification scale for the shanon diversity index states value with 
3.50 and above to be very high, 3.0-3.49 high, 2.50-2.99 moderate, 2.0-2.49, low and 1.99 below are 
very low. In Shannon Index (H) shows the higher the value the greater the diversity, In this study, 
macroinvertebrates was found to be the highest in UI site (2.214) and least in the UDUS site (1.83) 
while for that of plankton UI site had the highest Shannon index (H) with (2.755) and least in the 
UDUS site (2.387). The high value of H in UI shows that plankton and macroinvertebrates are more 
evenly distributed in the site. The analysis of its diversity reflects the ecological and environmental 
quality of the surveyed waters (Katsiapi et al., 2016). The enhanced percentage of plankton in the IRF 
system suggests that fish possibly release additional nutrients to the system (Desta et al., 2014), and 
prey on substantial quantities of plankton as feeds (Wang et al., 2019; Vidal et al., 2019). In the present 
study, the IRF sites had a large phytoplankton population and this could suggest that the aquatic 
ecosystem quality in the rice-fish coculture system is better than those in monoculture according to 
(Vidal et al., 2019)
The Equitability index is simply the Shannon diversity index divided by the maximum diversity. This 
Equitability index takes a value between 0 and 1. The lower values indicate more diversity while higher 
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values indicate less diversity. Specifically, an index value of 1 means that all groups have the same 
frequency. The Equitability Index (EH) for plankton was found to be highest in Kebbi (0.9204) and 
least in UI (0.752) for macroinvertebrates the highest was found in UI (1.914) and the least was found 
in UDUS (0.7946).
The Simpson Index value also ranges between 0 and 1, the greater the value, the greater the sample 
diversity (Simpson,1949). The Simpson Index (D) for plankton was found to be the highest in Ebonyi 
(0.9245) and lowest in UI (0.8797). Simpson Dominance Index (D) The Dominance Index was 
measured to determine whether or not particular fisheries species dominate in a particular aquatic 
system and can be useful index of resource monopolization by a superior competitor, particularly in 
communities that have been invaded by exotic species (Harper, 1999). 

According to Margalef (1956), the higher diversity values reflect the suitability of habitat for the organism 
and have been reported to be correlated with longer food chain and complex food web of the ecosystems 
and also more stable community. Margalef (1974) reading value =1 higher and < 1 lower in diversity. 
Based on Margalef index all the sites are significantly high in diversity. The Margalef Richness Index has no 
limit value and it shows a variation depending upon the number of species. Margalef Richness Index for 
phytoplankton was found to be the highest in UI (4.962) and lowest in UDUS (1.814). 
Macroinvertebrates are good indicators of trophic levels over time because they are highly sensitive to 
changes in aquatic ecosystems (Gannon and Stemberger, 1978; Ismail and Adnan, 2016; Jeppesen et al., 
2011). In the present study, the species in all the sites belonged to the oligosaprobic to a-mesosaprobic 
indicator species (Fang et al., 2012; Lin et al., 2014). The diversity indices indicated the water quality in 
from a-mesosaprobic zone to polysaprobic zone (Deng et al., 2010; Zeng and Miao, 2012). A number of 
families or genera of water beetles (Coleoptera) have shown to be potential bioindicators for fast and cost-
efficient monitoring of the overall quality of wetland ecosystems (Foster et al., 2015; Malherbe et al., 
2015) regions. For example, dragonflies and damselflies (Odonata) larvae have shown to be good 
biological indicators of grazing impacts on wetlands (Lee Foote and Rice Hornung, 2005).

Table 2 which shows soil quality parameters indicate that mean pH ranged of 6.4 to 6.9 was observed in 
this study and this is similar with the findings of Abraham     et al., (2018) who gave that the optimum 
soil pH for rice production 5.5 – 8. Total nitrogen(g/kg) result ranged (0.7 to 2.1) showed that there 
was adequate nutrient for the growth of rice in all the treatment and it was in agreement with the study 
of Lani et al., (2013), Phosphorus available (5.85 to 15.9) in the paddy across the research sites with UI 
and Ebonyi having phosphorus value of 10.23±0.04 and 15.9±0.46 respectively   which was within 
the tolerable range (10-20mg/kg) of IRRI (2019). Organic carbon recorded during the production was 
within the tolerable range of IRRI (2019), having given acceptable organic carbon range for rice 10-15 
g/kg as moderate organic carbon, suitable for most paddy rice varieties ranged of 5.206 – 5.8mg/l but 
this can sustain aquatic life according to Boyd (1998) and it falls within the standard range of 3.0-6 
mg/L as suggested by Malik et al., (2020), therefore favorable for the growth of fish. Table 3: The high 
value in the DO levels in Kebbi and UDUS may be attributed to the continuous movement of the fish 
in the rice fields which helps with dissolving atmospheric oxygen into the water(backing up citation for 
you statement, because plant exchange of gases with water can also influence), the high values are 
considered optimum DO levels and this agrees with study of Abdullahi (2015) in Kebbi, whose DO 
range falls within 10.5-14.4mg/L in Kebbi. Alkalinity above 100mg/L is classified as high productive 
and those with <50mgL-1 are oligotrophic (Meera and Nandan, 2010). The mean pH evaluated 
observed in all the adaptive sites during the period of production ranged (6.8 – 8) throughout the 
production was good for pond productivity, which agrees with the findings of Fioye et al., (2005).  
Ammonia (0.1 mg/l - 0.5 mg/l), nitrate and nitrites level in the sites were desirable for aquaculture. 
Ammonia, nitrite and nitrate values in all the treatments were within recommended range for the 
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growth and survival of both rice and fish. Nitrate converted to nitrite is less toxic and mild to health. 
The nitrite range was between 0 mg/L- 0.2 mg/L   which is the desired range of 0-1mg/L (Omitoyin 
and Ajani 2007). 

CONCLUSION
The study revealed that IRF in these zones are environmentally friendly and with better nutrient 
distribution within the ecosystem through the abundance of plankton and the macroinvertebrates 
present in the system and the diversity.
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INTRODUCTION
Aquaculture has experienced remarkable growth as its share in total global production has increased to 
50.9 percent in 2022, up from 20 percent in the 1990s and 49.4 percent in 2020 (FAO, 2024). One of 
the key reasons for its growth is the recent move toward more intensive culture systems which are 
characterized by high stocking density as well as enormous feed input. However, the phenomenal cost 
of aquafeed is a major challenge impeding the profitability of aquaculture production. One of the 
feeding strategies that could be used to optimize fish cultivation is cyclical feed denial and feed 
restoration resulting in compensatory growth. The trend has been reported to be a replica of natural 
cycle of availability of food and prey as well the growth pattern in the wild. As a biological 
phenomenon, the compensatory or catch-up growth is a phase of accelerated growth in a period where 
favourable conditions have been restored after a period of growth depression when food or prey are 
often more scarce, for instance, during the winter months (Jobling 1994), due to seasonal changes in 
water temperature, reproductive migrations, tidal and long-term ecological changes. Under growth 
compensation, fish can grow faster than expected, catching up for the lost growth and quickly reaching 
similar size as conspecifics that have been fed continuously (Mommsen 1998).
Compensatory growth has been studied in various cultivated fishes, such as cyprinids (van Dijk et al., 
2002,  percids (Hayward & Wang 2001), channel catfish, Ictalurus punctatus (Gaylord & Gatlin 
2000),  hybrid tilapia, Oreochromis mossambicus × O. niloticus (Wang et al., 2000), gibel carp 
(Carassius auratus gibelio) and Chinese long snout catfish (Leiocassis longirostris) (Zhu et al., 2004), 

ABSTRACT
This study investigated the effects of starvation and subsequent 
refeeding on growth, feed utilization of sex-reversed African catfish 
SRAC (Clarias gariepinus) fingerlings. The fingerlings were randomly 
stocked in 12 tanks at 25 fingerlings tank-1. The fish were subjected 
to 4 feeding regimes: continuous feeding control group: (T1); 2 days 
starvation followed by 8 days refeeding (T2 2:8); 4 days starvation 
followed by 16 days refeeding (T3 4:16) and 8 days starvation 
followed by 32 days refeeding (T4 8:32), respectively. After 80 days 
of feeding trial, results showed there were no significant differences 
in the final average body weight (FABW), weight gain (WG), specific 
growth rate (SGR) and survival between the deprived and the control 
(P =0.05). However, cyclic feeding showed a significant effect on 
feed intake (FI), protein efficiency ratio (PER), food conversion ratio 
(FCR). The results indicated that SRAC fingerlings subjected to 2, 4 
and 8 days of feed deprivation and refeeding exhibited compensation 
for WG with a coefficient of 1.21, 1.17, and 1.15 for T2, T3, T4, 
respectively. In general, the species could recover in growth 
performance following short periods of starvation.

Keywords:
All-male African
catfish; nutrition;
feed deprivation;
compensatory growth
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Milk fish (Chanos chanos) juvenile  (Llameg and Serrano Jr. 2014), Clarias gariepinus (Ofor et al., 
2013, Aderolu et al. 2010). Feed deprivation can be short-term or long term and repeated in cycles, 
over the culture period, and the fish can undergo partial or full growth compensation during 
subsequent re-alimentation. It has been shown that the phenomenon of compensatory growth can be 
exploited for economic benefits, by applying less amount of feed, leading to optimal biological 
productivity.
In the present study, compensatory growth performance and nutrient utilization in sex-reversed 
African catfish (SRAC) C. gariepinus subjected to different cycles of food deprivation and subsequent 
refeeding was investigated. 

MATERIALS AND METHODS
Experimental Design: The study was conducted at the Laboratory of the National Institute of 
Molecular Biology and Biotechnology (NIMBB), University of the Philippines Visayas, Miagao, Iloilo, 
Philippines in indoor plastic tanks in a closed recirculation system. An 80-day growth trial was 
conducted with approximately 25 fingerlings tank-1 of SRAC (C. gariepinus) in 54-L tanks. Fish was 
allowed to acclimate for 2 weeks during which time they were fed with formulated pellet feed of 40% 
crude protein, twice daily at 5% body weight and starved for one week before the experiment. Each 
plastic tank was randomly assigned to one of 4 cyclic feeding regimes (with 3 replicates for each 
treatment), namely, a control treatment (T1) which was fed continuously; T2 (2:8), two days fasting 
followed by 8 days refeeding; T3 (4:16), four days fasting followed by 16 days refeeding; and  T4 
(8:32), 8 days fasting followed by 32 days refeeding in a completely randomized experimental design.  
Fish in 2:8 group was exposed to 8 cycles, 4:16 to 4 cycles while 8:32 groups for 2 cycles throughout the 
80-day experimental period. In all experimental feeding regimes, feeding/refeeding was done three 
times daily (0800, 1200 and 1600) at a sliding feeding rates (3% - 2% body weight). Bulk sampling of 
fish was carried out every twenty days interval, i.e. on the 20th, 40th, 60th and 80th days 
corresponding to 3, 6, 9 and 12th weeks, respectively.  Following a 16 h starvation, sampling was done 
and the amount of feed for the next feeding period considering mortality was adjusted accordingly. 
Dissolved oxygen (DO), pH, temperature of culture water medium were measured daily (06:00-
07:00) using a multi parameter checker. Ammonia, nitrite and phosphorus content of the water were 
checked twice a week using commercially available kits (AQUA- NITETM and AQUA-AMTM, 
respectively). The water quality was maintained at 5 to 6 ppm (DO), 6.8 to 7.2 (pH), 27 to 29oC 
(temperature), and 0.08 to 0.12 mgL-1  (Ammonia) in all tanks all through the experiment. 
Diet preparation: A basal practical diet was formulated to provide 45% crude protein (Table 1). The 
ingredients were purchased from SEAFDEC, Tigbauan, Iloilo, powdered and sieved through 150 µm 
screen prior to mixing. All dried ingredients were thoroughly mixed using an electric-driven mixer 
(Spar mixer-5MX-J),and the liquid ingredients together with gelatinized bread flour were added just 
before pelletizing. The dough was pelleted (2 mm) in an electric meat grinder and oven-dried at 600C 
for 36 h to reduce moisture to about 10 %. Diets were then crumbled to appropriate sizes (0.3 to 2.0 
mm) and stored at 40C until use.
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Table 1 
Composition and proximate analysis of experimental diets for C. gariepinus used in the feeding trial 

Danish FM                                                235.6
Vitamin mix 1                                           10.0
Mineral mix 2                                           10.0
Dical. Phosphate                                       10.0  
BHT                                                           0.5
Bread flour                                               177.7
Cod liver oil                                              40.0
Soybean oil                                               40.0
Lecithin                                                    5.0
Soyabean meal                                        235.6
Shrimp meal    117.8
Squid meal                                              117.8
Total                                                        1000.0
Proximate Analysis (%) of experimental diets
Moisture                           8.72
Crude Protein                                           42.72
Crude Fat                                                 13.22
Crude Fibre                                              1.98
NFE                                    20.74
Ash                                                           9.62
Gross Energy (Kcal g-1)                           3.85                                       

Ingredients                                           %                                                               

NFE= Nitrogen free extract 

Proximate composition of the experimental diets was analysed following standard methods (AOAC 2002).
Growth performance and nutrient utlization indices
Calculations were carried out using the following formulae to assess the growth performance and feed 
efficiency:
Weight gain, WG (g) =FABW – IABW 
where FABW = Final average body weight (g) and IABW = Initial average body weight (g)
Specific Growth Rate, SGR (% day-1) = ((ln FABW–ln IABW)/ T)x100 where T = time in days
FCR = FI (g) /WG (g)  where FI= feed intake (g)
PER = WG / (FI x feed crude protein (in decimal))
Survival rate (%) = 100*(final count/initial count)
Compensatory coefficient of WG(CCWG)= (FABW in the cycled fish (g)/number of feeding 
days)/(FABW in the control group (g)/number of feeding days) 
Statistical Analysis: Data from the study were presented as mean ± standard error of the mean (SEM), 
and were tested for normality and variance homogeneity using Shapiro-Wilk test and  Levene's test 
respectively (SPSS v. 20). Those data that did not pass the two tests were subjected to transformation. 
Thereafter, One-way analysis of variance (ANOVA) was conducted at a=0.05 and the post hoc 
analyses were done using Duncan multiple range test to rank the means.
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RESULTS AND DISCUSSION
Table 2: Growth performance and feed utilization values of SRAC C. gariepinus  subjected to four 
feeding regimes after 80 days rearing  (n=25; 3 replicates)  

Parameters                                                                Treatments             SEM      
p-value

T1 (Control)         T2 (2:8)                T3 (4:16)               T4 (8:32)
IABW (g)              15.01± 0.07a 15.01± 0.13a 15.00± 0.06a 15.01± 0.13a 0.05       1
FABW (g)             55.08± 1.8 a 53.50± 1.2a 51.63±1.0a 50.66± 1.6a 0.80        
0.21
WG (g)                 40.07± 1.8 a 38.49± 1.2a 36.63±1.0a 35.65±1.8a 0.81        
0.23
SGR (%day-1)        1.63± 0.04a 1.59± 0.03a 1.54±0.03a 1.52±0.05a 0.02        0.3
FI (g)                     57.04± 2.7 b               47.36± 1.5a                44.61±0.64a             42.84±0.54a                1.79        
0.00
FCR                        1.42± 0.01 b 1.23± 0.05a                1.22±0.04a                  1.21±0.05a                   0.03        
0.02
PER                        1.56± 0.01 a               1.81± 0.08b                1.83±0.06b                   1.85±0.07b                 0.04

All values on the same row with the different superscripts are significantly difference (P < 0.05).
The growth performance indicators (weight gain WG and specific growth rate SGR) and the survival 
did not show significant differences among the treatment (P > 0.05). In contrast, nutrient utilization 
indices (feed conversion ratio FCR and protein efficiency ratio PER) along with feed intake FI differed 
significantly among the treatment P<0.05. The significantly lower FI and FCR for all SRAC subjected 
to cyclical starvation and refeeding compared to that of the control group pointed to accomplishment 
of the desired effects of efficient conversion of food as well as the concomitant reduction in the cost of 
feeding. The high % survival (94.67±3.5 to 97.33±1.3) in all treatments indicate that SRAC can 
withstand relatively long periods of starvation without severe consequences such as mortality.
Results obtained from this study indicated that SRAC subjected to cyclical 2, 4 and 8 days of food 
deprivation and refeeding, was able to show full growth compensation. Liu et al. (2011) and Abolfathi 
et al. (2012) observed full and partial compensation in Chinese sturgeon and roach respectively. Kim 
and Lovell (1995) reported that channel catfish deprived of feed for 3 weeks required only 3 weeks to 
catch up with the control group in an 18-week feeding trial. In starved fish, the resulting increase in 
nutrient intake due to increased appetite and decreased maintenance costs allow for more rapid 
growth, particularly in the form of muscle tissue. This is because high food and energy uptake would 
lead to large amount of energy available for growth. It is also possible that catabolic processes slowed 
down while anabolic processes were accelerated which resulted in the rapid growth in the 
compensatory phase (Jobling 1994).
David and Gerrard (2002) stated that homeostatic and homeorhetic processes are involved in the 
abnormally high growth rates. Homeostatic processes usually affect compensatory growth in the short 
term, whereas homeorhetic processes usually have a long-term effect (Scanes, 2003). Though it is 
clear that in some animals the endocrine system is involved in the metabolism and nutrient partitioning 
in the tissues, the gut tissues are the first to increase in weight, followed by muscle tissue and finally 
adipose tissue (Tony et al., 2002). The compensatory growth exhibited in the present study could be 
related to the statements that, among the factors, that, if switched from unfavourable to favourable 
levels, can induce CG, are: the quantity of food given to the fish (Nikki et al., 2004), the quality of food 
provided (Schwarz et al., 1985), and the stocking density (Salas-Leiton et al., 2010). The length in 
time or the severity of the feed restriction equally has an effect on the outcome of trials and whether 
the fish can partly or fully compensate for the weight loss when reverted to full feeding (Jobling and 
Koskela, 1996). Growth spurt often allows fish to catch-up to, or even overshoots the size of normally-
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growing fish. In the present study, no overshoots was observed but rather normal compensatory 
growth. Compensatory growth could be achieved by hyperphagia (Abolfathi et al., 2012), improved 
feed efficiency or combination of hyperphagia and improved feed efficiency (Qian et al., 2000; 
Gaylord and Gatlin, 2001). In the present study, it could be assumed that the main mechanism 
involved in compensatory response in T2 to T4 was the improved feed efficiency without becoming 
hyperphagic.

CONCLUSION
The present results indicate that the SRAC in all deprived groups had the ability to achieve full 
compensatory growth during the starvation-refeeding cycles. SRAC adapted well to feeding strategies 
with longer periods of starvation (8 days) resulted in the lowest FI, FCR and highest PER among the 
deprived fish.
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INTRODUCTION
The Calabar and Great Kwa Rivers are significant freshwater systems that support a diverse array of 
aquatic organisms, including various prawn species (Ifon and Asuquo, 2021). Prawns play a crucial role 
in the riverine ecosystem, contributing to biodiversity and the local economy through fisheries (Enin, 
1998). Understanding the abundance and distribution of prawn species within this river is essential for 
effective management and conservation efforts. Prawn species distribution in river systems is 
influenced by numerous environmental factors, including water temperature, pH, dissolved oxygen 
levels, and habitat structures (Benzie, 1982). These parameters vary spatially along the river's course 
and temporally across different seasons, leading to distinct patterns in prawn populations. The 
upstream, midstream, and downstream regions of the river each present unique environmental 
conditions that affect prawn abundance and diversity (Olawusi-Peters and Ajibare, 2014). Previous 

ABSTRACT
This study investigates the abundance and distribution of prawn 
species in the Calabar and Great Kwa Rivers, Cross River State in 
Nigeria. Prawn samples were collected from artisanal fishermen 
across multiple sites along the river, from upstream to downstream 
regions, over different seasons (November 2020 to January 2022) to 
assess comprehensive data on prawn species diversity and 
abundance. Results revealed six species across the rivers: 
Macrobrachium rosenbergii (40%), Macrobrachium vollenhovenii 
(30%), Macrobrachium macrobrachion (10%), Caridina africana 
(15%), and Caridina nilotica (5%). Upstream areas, characterized by 
cooler temperatures (average 20°C) and higher oxygen levels 
(average 8 mg/L), exhibited a lower density of prawn species 
(average 25 prawns per sampling event) compared to midstream 
(average 70 prawns per sampling event) and downstream regions 
(average 50 prawns per sampling event). The highest abundance was 
recorded in midstream regions, where a mix of moderate water flow 
(average 1.5 m/s), suitable habitat structures, and optimal water 
quality conditions prevail. Downstream areas showed a decline in 
prawn numbers, likely due to increased pollution (average pH 7.8) 
and habitat disruption. Environmental parameters such as water 
temperature (r = 0.65, p < 0.01), dissolved oxygen (r = 0.58, p < 
0.05), and substrate type were critical determinants of prawn 
distribution. Seasonal changes also influenced prawn abundance, 
with peak populations observed during the dry season (average 80 
prawns per sampling event), correlating with favorable breeding 
conditions. The study highlights the importance of maintaining water 
quality and habitat integrity for sustainable prawn populations.

Keywords:
Abundance, Diversity,
Distribution, Prawn Species 
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studies have highlighted the importance of habitat quality and water parameters in determining the 
distribution of aquatic species (Tampo et al., 2024). However, comprehensive data specifically 
addressing prawn populations in the Calabar and Great Kwa Rivers are lacking. This study aims to fill 
this gap by systematically examining the spatial and temporal variations in prawn abundance and 
distribution and identifying key environmental factors that influence these patterns. In Nigeria waters 
shrimps are widely distributed in both fresh and brackish waters. According to Williams (2006), 
shrimps are universally accepted as food organisms and support a substantial number of local fisheries. 
Oyekanmi (2000) reported Macrobrachium spp. Accounted for up to 60% of the prawn landings in 
Lagos Lagoon while Macrobrachium vollenhovenii are usually absent from clear water rivers which are 
generally acidic, extremely transparent, lack of mollucs fauna and show little seasonal change in level

MATERIALS AND METHODS
Study Area
The study was conducted along the Calabar and Great Kwa Rivers in Nigeria, spanning approximately 
200 kilometers from their sources in the mountainous upstream regions to their confluence with the 
Calabar and Great Kwa estuaries. The rivers are characterized by diverse habitats, including sandy and 
muddy areas as well as vegetated banks. 
Sampling Sites and Design
A total of 15 sampling sites were selected, with five sites each in the upstream, midstream, and 
downstream sections. Sites were chosen based on habitat diversity, accessibility, and 
representativeness of each section. Sampling was conducted over one year to account for seasonal 
variations in prawn abundance and distribution.
Sampling Procedure
Surber sampler was used in shallow, vegetated areas to collect benthic prawns. The sampler covers a 
standard area of 0.1 square meters and is effective in capturing small and juvenile prawns. Kick nets 
were employed in shallow, sandy or muddy areas. The nets were used to disturb the substrate and 
capture prawns dislodged by the disturbance. Baited traps were set overnight in deeper sections to 
capture larger, mobile prawn species. Traps were baited with small fish to attract prawns.
Data Collection
Prawn samples were collected from the nets and baited traps and identified to species level using 
standard taxonomic keys. The number of individuals of each species was counted to determine their 
abundance. At each site, water temperature, pH, dissolved oxygen, and substrate type were measured 
using a Portable Multi-Meterdevice(HQ430d) also known as a Water Quality Meter manufactured in 
Hach Quality (HQ), a US-based company with manufacturing facilities in Loveland, Colorado, USA, 
and Düsseldorf, Germany (for European markets)Portable 
Data Analysis
Abundance and distribution data were analyzed to identify spatial patterns (upstream, midstream, 
downstream) and seasonal variations. Statistical tests (ANOVA) were used to determine significant 
differences in prawn abundance across sites and seasons. Correlation analyses were conducted to 
identify relationships between prawn abundance and environmental parameters (water temperature, 
pH, dissolved oxygen, substrate type). Level of significance was set at P<0.05.

RESULTS
Species Composition and Abundance
A total of 2,345 prawns were collected from the Calabar and Great Kwa Rivers during the study 
period, representing five distinct species: Macrobrachium rosenbergii, Macrobrachium vollenhovenii, 
Macrobrachium macrobrachion, Caridina africana, and Caridina nilotica. The most abundant species 
was Macrobrachium rosenbergii, accounting for 40% of the total catch, followed by Macrobrachium 
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vollenhovenii at 30%, Caridina africana at 15%, Macrobrachium macrobrachion at 10%, and Caridina 
nilotica at 5% (Fig. 1).

Figure 1: Abundance of Prawn Species in the Calabar and Great Kwa Rivers 

Spatial Distribution
The upstream sites recorded the lowest prawn abundance, with an average of 25 prawns per sampling 
event. The species composition was dominated by Caridina africana and Caridina nilotica, which 
prefer cooler, oxygen-rich waters. Midstream region showed the highest prawn abundance, with an 
average of 70 prawns per sampling event. Macrobrachium rosenbergii and Macrobrachium 
vollenhovenii were the dominant species, thriving in the moderate flow and diverse habitat structures. 
The downstream sites had a moderate prawn abundance, averaging 50 prawns per sampling event. 
Species composition included all five species, with a noticeable presence of Macrobrachium 
macrobrachion. Seasonal variations significantly impacted prawn abundance. The highest densities 
were observed during the dry season, with a peak average of 80 prawns per sampling event, coinciding 
with the breeding season of several prawn species. The lowest densities occurred during the wet 
season, with an average of 20 prawns per sampling event, likely due to lower water temperatures and 
reduced metabolic activity.

Figure 2 Spatial Distribution of prawn species in Cross River State

Environmental Correlations
Water Temperature was positively correlated with prawn abundance (r = 0.65, p < 0.01), higher 
temperatures supported greater prawn activity and growth. Dissolved Oxygenalso showed a positive 
correlation (r = 0.58, p < 0.05), with higher oxygen levels supporting more robust prawn populations 
(Table 1). While pH showed no significant correlation, substrate type was crucial, with sandy and 
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vegetated substrates supporting higher prawn densities than muddy substrates.

Table 1: Correlations of prawn species abundance with environmental factors

M. macrobracion M.vollenhoveni M.rosenbergii C.africana C.nilotica

Temperature 0.65 0.65 0.67 0.64 0.64

pH 0.32 0.34 0.31 0.32 0.34

Oxygen 0.58 0.57 0.56 0.58 0.58

DISCUSSION
The study on the diversity and abundance of prawns species in Calabar and Great Kwa River reveals 
significant spatial and temporal variations in their abundance and distribution. The midstream region's 
optimal environmental conditions—moderate water flow, diverse habitat structures, and suitable 
water quality—promote higher prawn densities, particularly for Macrobrachium rosenbergii and 
Macrobrachium vollenhovenii. These findings align with previous research indicating that midstream 
sections often provide ideal conditions for a variety of aquatic species due to the balance of physical and 
chemical parameters (Enin, 1998, Olawusi-Peters and Ajibare, 2014). The upstream region's lower 
prawn abundance can be attributed to cooler temperatures and faster water flow, which are less 
favorable for most prawn species except for those specifically adapted to such conditions, like Caridina 
species. Conversely, the downstream region, although rich in species diversity, faces challenges such as 
increased pollution and habitat disturbance, which may limit prawn abundance despite suitable 
temperatures and flow rates.
Seasonal variations play a critical role in prawn population dynamics. The pre-monsoon peak in abundance 
corresponds with the reproductive cycles of many prawn species, suggesting that breeding conditions 
significantly influence population size. Winter declines highlight the impact of temperature on metabolic 
and growth rates, as prawns are ectothermic and their physiological processes are temperature-dependent 
(Benzie, 1982).Environmental factors such as water temperature and dissolved oxygen are key 
determinants of prawn distribution. The positive correlation with these parameters underscores the 
importance of maintaining water quality for sustaining prawn populations. Substrate type's role further 
emphasizes the need for habitat diversity in supporting robust prawn communities.

CONCLUSION
This study provides an understanding of the factors influencing the abundance and distribution of prawn 
species in the Calabar and Great Kwa Rivers. The findings highlight the importance of midstream regions 
and seasonal patterns in shaping prawn populations. Effective management and conservation strategies 
should focus on maintaining water quality and habitat diversity to support sustainable prawn fisheries in 
the river. Future research should explore the long-term impacts of environmental changes and human 
activities on prawn populations to inform adaptive management practices.
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INTRODUCTION
Phytoplankton are microscopic flora (plant) matter which does not have independent movement 
capability but they drift by the mercy of wind, currents and tides (Sivashankar, and Bai, 2015). They 
are the initial biological components from which energy is transferred to higher organisms through 
food chain (Sharma et al., 2015). Phytoplankton composition influences various processes such as 
nutrient recycling, grazing, particle sinking and food webs (George et al., 2013). Most phytoplankton 
are too small to be seen by naked eyes while others are large enough to be seen by single-handed eyes e.g 
Diatom (Salisu 2017), They are a source of food to almost all aquatic life either directly or indirectly 

ABSTRACT
The significance of phytoplankton in fresh water environment cannot 
be over emphasized, Phytoplankton is the primary producer of any 
ecosystem and function as suitable indicator for water quality 
evaluation. This study was carried out to determine the 
phytoplankton abundance and community structure of downstream 
region of Chanchaga river in Niger state for period of four months 
twice each month (March-June 2017) at four stations. sampling of 
phytoplankton was carried out using plankton net of 30cm diameter 
with 50µm mesh size and transported to the laboratory for 
identification using microscope and guide. Results showed Six 
phytoplankton groups recorded; dominated by Chlorophyceae 
(74.14%), Baccillariophyceae with (9.5%) Dinophyceae with 
(9.76%), Cyanophyceae with (7.45%), Chrysophyceae with 
(0.79%), and Euglenophyceae with (1.06%). The diversity of species 
of phytoplankton showed marked differences the lowest values of 
the diversity (Hs) were recorded for Chlorophyta and Dinophyta 
while Cyanophyta and Bacillariophyta had the highest value. 
Margalef species richness (d) showed Chrysophyta with the highest 
and lowest was in Chlorophyta and Dinophyta, Chlorophyta has the 
lowest evenness despite been the most abundant group. Pediastrum 
specie was the most dominant, and presence of this specie is an 
indication of a water body having high amount of organic waste 
indicating potential pollution which could be as a result of direct 
discharge of waste from the water treatment plant, anthropogenic 
activities around the river. thus, further monitoring and regulation of 
human activities is important in order to prevent further 
environmental pollution.

Keyword:
Phytoplankton,
species composition,
abundance, diversity
indices, Chanchaga river.
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(Moncheva and Parr, 2010).
Species composition of phytoplankton community is an efficient bio-indicator for water quality 
assessment, beside algal bloom led to reduction of oxygen in water column which may cause fish and 
other animal death (George et al., 2013). Chlorophyta (green algae), Cyanophyta (blue green algae), 
Bacillariophyta(diatom) make up the three major group.
Plankton has been reported by researchers as the reflection of the hydro-environmental condition per 
time, hence acting as bio-diagnostic components that point to the health status of the aquatic ecosystem, 
phytoplankton assemblages are generally, more sensitive to pollution than other assemblages (George et 
al., 2013; Otene et al 2023) the study aim to provide baseline data on phytoplankton composition, 
abundance and species diversity of the downstream section of Chanchaga river.

MATERIALS AND METHODS
Description of the study area
Chanchaga River is located on Latitude 9° 31' 60"N and Longitude 6° 34' 60"E in Paikoro Local 
Government area in southwest zone of Minna Niger State, Nigeria but part of the river falls under 
Bosso Local Government area. The river is under the care of Niger State water board, four sampling 
station was use throughout the study for period of four months.

Plate 1.1: Google Earth Image of the Study Area Indicating the Sampling points

Plate 1: 2The Study Area Indicating Station 2
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Phytoplankton sampling and identification
Monthly sampling of phytoplankton was carried out using plankton net of 30cm diameter with 50µm 
mesh size. The water sample was poured into labeled one-liter plastic jar and fixed with lugols solution 
to preserve the sample. The sample was transported to the laboratory for identification using a 

2
microscope. The sample was left for 24 hours to settle down /  of the contents was poured out and the 3

1
remaining /  was used for identification. The species identify was compared with catalogue Perry 3

(2003) for the physicochemical it was analyzed according to (APHA 2008).
Phytoplankton community structure 
Diversity indices: Margalef species richness(d), Equitability Shannon wiener diversity (Hs) of the 
entire study area were analyzed as described by Ogbeibu (2005).

RESULTS
Phytoplankton composition and abundance
Phytoplankton community in Chanchaga River was characterized by six families which are 
Chlorophyceae with the highest number of individual specie which make (74.14%). 
Baccillariophyceae with (9.5%) Dinophyceae with (9.76%) Cyanophyceae with (7.45%) 
Chrysophyceae with (0.79%) and Euglenophyceae with (1.06%) pediastrum was the specie of the 
groups that had the highest number of individual (262) while syruna and strobomonas had the lowest 
number of individual (Table 1).

Table 1:Phytoplankton composition and relative abundance of downstream Chanchaga river.
Phytoplankton 

groups
Species species 

abundance
Phytoplankton 

group abundance
Percentage 

(%)

Chlorophyta

Dinophyta

Chrysophyta

Euglenophyta

Cyanophyta

Bacillariophyta

Total

Pediastrum sp
Spirogyra sp
Ankyra sp
Coelastrum sp

Peridinium sp
Sphaerodinium

Mallomonas sp
synura

Euglena sp
Strobomonas sp

Anabaena sp
Cylindrospermopsis sp
Microcystis sp

Eunotia sp
Navicula sp
Nitzshia sp
Diatom sp

262
9
3
7

34
3

2
1

3
1

6
5

7

21
7
6
2

379

281

37

3

4

18

36

379

74.14

9.76

0.79

1.06

4.75

9.50

100

Diversity of species of phytoplankton of downstream Chanchaga Reservoir
The diversity of species of phytoplankton showed marked differences as represented in the table. The 
lowest values of the diversity (Hs) were recorded for Chlorophyta and Dinophyta while Cyanophyta 
and Bacillariophyta had the highest value. Margalef species richness (d) showed Chrysophyta with the 
highest value and followed closely with Bacillariophyta. Phytoplankton with the lowest value of species 
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richness was the Chlorophyta and Dinophyta (Table 2).

Table2: Biodiversity of phytoplankton of downstream section of Chanchaga reservoir

Phytoplankton Individual  Taxa(s) Simpson
Index (D)

Shannon-weiner
Index (Hs)

Margalef species 
richness(d)

Equitability (j)

Chlorophyta 281 4 0.87 0.31 0.53 0.22

Dinophyta 37 2 0.84 0.28 0.27 0.40

Chrysophyta 3 2 0.33 0.63 0.91 0.91

Euglenophyta 4 2 0.50 0.56 0.72 0.81

Cyanophyta 18 3 0.30 1 0.69 0.99

Bacillariophyta 36 4 0.39 1 0.83 0.78

DISCUSSION
Phytoplankton community in Chanchaga river was characterized by six families which are dominated 
Chlorophyceae then Dinophyceae, followed by Baccillariophyceae, Cyanophyceae, Euglenophyceae 
and Chrysophyceae been the least representative in the river. The abundance of Chlorophyta indicated 
that the water is productive.
The observation of more Chlorophyta than Bacillariophyta agrees with the findings of (Kolo et 
al.,2010; Sarmah and Baruah 2014 and Ahmed 2015) which could be due to the fact of it 
accommodating more environmental stress than most fast-growing species, it could also be due to 
results of physico-chemical parameters been within the recommended limits (NESREA) for drinking 
water and aquatic life thus healthy water high abundance of Chlorophyta. the result disagrees with the 
results of Mustapha (2009); Adesalu and kurunmi (2012); Zakariya et al., (2013) and Sharma et al., 
(2015) which Baccillariophyceae was the dominant phytoplankton group in their study which could be 
due to the results of the physico-chemical parameters not been within the recommended limits of the 
National Environmental Standards and Regulations Enforcement Agencies (NESREA) for drinking 
water and aquatic life. The increase in nitrate and phosphate level in the river may be due to human 
activities close to the bank of the river and washing of fertilizer from the nearby farm. High abundance 
is not similar with high diversity just as seen in Chlorophyta, Shannon-Weiner index value state that the 
greater the value the more the diversity so diversity is   higher in Bacillariophyta and Cyanophyta, 
examining the index in terms of pollution value less than 2 is an indication of polluted water (Shekhar 
et al., 2008). However, the value in the study is less than 2. the equitability index is a measure of the 
evenness, the value lies between 0 and 1, the closer the value to 1, the more even the population of 
phytoplankton the Cyanophyta group has the highest value that means is more evenly distributed, 
Chrysophyta has the highest value of specie richness in the study.

CONCLUSION
The dominance of Chlorophyta than other species indicated that the water is productive though 
Pediastrum species is the most abundant in the group and abundance of such species is an indication of 
pollution thus adequate monitoring and regulation of anthropogenic activities is essential to see if any 
changes has occurred.
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INTRODUCTION
Water quality has a significant impact on water supply and oftentimes determines supply options. It is 
the chemical, physical, and biological characteristics of water based on the standards of its usage 
(Okeke and Adinna, 2013).  Rivers are vital and vulnerable freshwater ecosystems that are critical for 
the sustenance of all life. However, the declining water quality of rivers threatens biota sustainability 
and is therefore a matter of serious concern (Akpan-Idot et al., 2012). Plankton are a mixed group of 
tiny, living plants and animals that float, drift freely or feebly Swim in water column independent of the 
shore and bottom (Adelakun et al., 2016) and occupy the base level of food chains (autotrophs) that 
lead up to commercially important fisheries. Most of the fresh water bodies especially at locations 
where anthropogenic activities are highly pronounced, are getting deteriorated, due to release of 
substance by flood, wind and human activities. This in turn affect the food chain of capture fisheries. 
The study of the water quality and assessment of zooplankton of Kantsakwa stream is important. This 
study was conducted to address the pollution status of Kansakwa stream in order to draw relevant 
conclusions and recommendations. By doing so, human lives and aquatic biota will maintain stable 
polluted free environment.

ABSTRACT
The study was carried out to determine the monthly plankton 
diversity of Kantsankwa stream in Lafia Local Government Area of 
Nasarawa State Nigeria. Collection of plankton was done using a 
plankton net. The study recorded three families of phytoplankton, 
nine (9) species among which five (5) were found present in all the 
months during the study period. Four families of zooplankton 
(Rotifera, Cladocera, Copepoda, and Protozoan) were also recorded 
and nine species were identified. Five of the species were present 
throughout the study period. There is indication from the study that 
Knsakwa river is less polluted and showed a sign of aquatic  
productivity due to the number of plankton families identified. 
There is a need to properly manage wastes in the study area and also 
monitor human activities in order to maintain good condition of the 
stream. Care must be taken by inhabitants to avoid eutrophication in 
the stream.

Keywords:
Phytopankton,
Zooplankton,
Diversity, Pollution 
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MATERIALS AND METHODS
Description of the Study Area
Kantsakwa stream is located in Kantsakwa town about 30km away from Lafia town along Lafia-
Shendam road Nasarawa State Nigeria. The town is known for farming and processing of food 
products. The community uses the river as a source of washing and bathing. Human activities such as 
irrigation, fertilizer, pesticides and herbicide application take place which may reduce the quality of 
the water and affect aquatic biota.
Sampling Site
Three (3) sampling sites of the stream were selected for the study and will be designated as site 1, 2 and 3. 
Plankton Collection 
Plankton collection was done using a conical net of bolting nylon of 0.069mm mesh and mouth ring 
diameter of 35 cm. The net was towed for ten minutes for surface hauls. The filtered samples were 
fixed and preserved in 4% formalin with a few drops of Lugol's iodine solution for quantitative analysis 
of plankton. Numerical plankton analysis was carried out using an inverted microscope to count for 
phytoplankton and zooplankton.
Statistical analysis
Descriptive statistic was used for plankton species abundance and results were presented in charts.  

RESULTS
Phytoplankton Species recorded in Kansakwa Stream
The results of phytoplankton identified in Kansakuwa stream is presented in Table 1. Three families of 
phytoplankton (Chlorophyceae, Cynophyceae and Baccillariophaceae) and nine species under the 
families. The family chlorophyceae had the highest occurrence (23) of phytoplankton followed by 
Cynophyceae (17) while Baccillariophaceae (12) was the lowest. In the family chlorophyceae, four 
species were identified in which scenedesmus spp and spirogyra spp were found present throughout 
the period of study. Chlorella spp was present in July and September but absent in August while 
Straurastrum spp were present in July, September but absent in September.  In the family 
Cynophyceae, three species (Anabaena spp, Microcystis spp and Aphanocapsa spp) were identified. 
Anabaena spp and Microcystis spp were found present throughout the period of the study while 
Aphanocapsa spp was absent in July and present in August and September. In the family 
Baccillariophaceae, two species (Navicular spp and Flageria spp) were identified. Flageria spp was 
found present throughout the period of the study while Navicular spp was present in July and 
September but absent in August. 

Table 1: Phytoplankton Species recorded in Kansakwa Stream

Families Species
Chlorophyceae Scenedesmus spp

Chlorella spp
Spirogyra spp
Straurastrum spp
Subtotal

Cynophyceae Anabaena spp
Microcystis spp
Aphanocapsa spp
Subtotal

Bacillariophyceae Navicula spp
Flageria spp
Subtotal

June August September Total
+ + +
+ _ +
+ + +
_ _ +
7 4 12 23
+ + +
+ + +
_ + +
6 4 7 17
+ _ +
+ + +
5 3 4 12

+ = present; - = absent
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Zooplankton Species recorded in Kansakwa Stream
The results of zooplankton identified in river Kansakuwa is presented in Table 2. The study revealed 
four families (Rotifera, Cladocera, Copepoda and Protozoan) of zooplankton with nine species 
identified under those families. The family Cladocera had the highest (22) number of occurrence of 
species of zooplankton followed by Rotifera (16) Copepoda (9) while Protozoan was the lowest (5). In 
the family Rotifera, three species (Daphnia spp, Moina spp, and Polyarthra spp) were recorded. 
Daphnia spp and Moina spp were found present throughout the period of the study while Polyarthra 
spp was present in July and August but absent in September. In the family Cladocera, three species 
(Bosmina spp, ceriodaphnia spp and macrothrix spp) were recorded. Bosmina spp and ceriodaphnia 
spp were present throughout the period of the study while macrothrix spp was present in August and 
September but absent in July. In the family Copepoda, two species of zooplankton (cyclop spp and 
calanoid spp) were recorded. Cyclop spp was present throughout the period of the study while 
calanoids spp was present in August and September but absent in July. In the family Protozoan, one 
specie was recorded (Amoeba spp) and was found present throughout the period of the study. 

Table 2: Zooplankton Species recorded in Kansakwa Stream

Families Species July August September Total
Rotifera Daphnia spp + + +

Moina spp + + +
Polyarthra spp _ _ +
Subtotal 6 3 7 16

Cladocera Bosmina spp + + +
Ceriodaphnia spp + + +
Macrothrix spp _ + +
Subtotal 8 5 9 22

Copepoda Cyclops spp + + +
Calanoids spp _ + +
Subtotal 3 2 4 9

Protozoan Amoeba spp + + +
Subtotal 2 1 2 5

+ = present; - = absent

DISCUSSION
Phytoplankton Species recorded in Kansakwa Stream
Phytoplankton are suitable organisms for the determining the impact of toxic substances on the aquatic 
environment because any effects on the lower levels of the food chain will also have consequences for 
the higher level (Ogbuagu et al., 2011). The study conducted in Kansakwa stream revealed nine (9) 
species of phytoplankton which were found from three families (chlorophyceae, cynophyceae and 
bacillariphyceae). It was observed that five of the species (Scenedesmus spp, Chlorella spp, Anabaena 
spp, Microcystis spp, and Flageria spp) identified were found throughout the study period. The 
existence of those species in Kansakwa stream implies that they can survive during high and low tide 
and also showed that the stream water is productive in nutrient content. The spatial distribution of 
phytoplankton species showed that they could be transported by flooded water to the study site at the 
time of study. Most of the phytoplankton species were found in the family chlorophyceae and 
cynophyceae.  This study is similar with the report of Adelakun et al. (2016) who recorded 
phytoplankton in a tropical river basin Nigeria with the most abundant species recorded in the family 
cynophyceae. As stated by Ojo (2011), monthly variation in abundance of phytoplankton in river water 
depends on changes in water currents, water level transparency, and the amount of nutrient available.
Zooplankton Species recorded in Kansakwa Stream
The study of plankton species in Kansakwa stream recorded four identified families of zooplankton 
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(rotifer, chadocera, copepod and protozoan). Nine (9) species of zooplankton were identified and the 
most abundance number of species were found in cladocera and rotifer. It was observed that Daphnia 
spp, Moina spp, Bosmina spp, Ceriodaphnia spp, Cyclop spp and Ameoba spp occurred throughout the 
period of the study. The presence of these species recorded in the study shows improvement in the 
water quality of the tream and also indicate low effluent discharge into the river. The study is in 
agreement with assertion of Emmanuel and Tonye (2013) reported high diversity of rotifer and 
cladocera in Awba stream and reservoir of University of Ibadan. Many factors may have contributed to 
the dominance of rotifer and cladocera which probably may be a confirmation of the shallow nature of 
the stream. High number of individuals recorded for the river could be because the study was 
conducted in wet season. This is in conformity with Imoobe (2011) who stated that flooding during the 
rainy season may have contributed positively to zooplankton population growth as a result of species 
recruitment from other flooded water bodies and the inflow of nutrients.

CONCLUSION
There is indication from the study that kansakwa river is less polluted and showed sign of productivity 
due to the number of plankton families identified.

RECOMMENDATION
There is a need to monitor human activities near the stream in order to maintain the condition of the 
river. Care must be taken by inhabitants to avoid eutrophication in the stream water.
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ABSTRACT
This study investigated the seasonal parasite species spectrum and 
prevalence of Labeo senegalensis and Momyrus senegalensis from 
Lower River Benue, Nigeria. Two hundred and forty (240) specimens 
of Labeo senegalensis and Momyrus senegalensis (120 each) were 
examined for this study.  Lengths, body weight, sex, stomach, gut, 
lining of the gut lumen and the intestine were measured, weighed, 
dissected, examined and observed on HP Laptop using a Zd pix 640 
digital microscope for parasites. Results revealed that, they were 
infested with 637 parasites comprising of nematodes (Procamellanus 
sp., Camellanus sp., Eustrongyllus sp.,Spinitectus mormyri) and 
acanthocephalus (Neoechinorhynchus africanus,Pomphorhynchus 
sp.) in dry and rainy seasons. 51(42.5%) Labeo senegalensis were 
infected with 445 parasites species of Nematode (Camellanus sp., 
Eustrongyllus sp) and Acanthocephalus (Neoechinorhynchus 
africanus, Pomphorhynchus sp.). Parasite prevalence and mean 
intensity were 42.5 and 8.7 respectively. 40(30.3%) Momyrus 
senegalensis recorded 192 parasitic Nematode (Procamellanus 
sp.,Camellanus sp.,Spinitectus mormyri) while parasitic prevalence 
and Mean Intensity were 33.3 and 4.8 respectively in rainy and dry 
seasons. Camellanus sp (Nematode) was the most abundant species 
infesting both fish species during the study period. There was 
significance difference (P<0.05) in percentage Parasite infestation in 
both seasons for Labeo senegalensis. Intestine had the highest 
percentage (63.12%) parasite density while the female (55.30%) 
recorded a higher rate of infestations than male (44.70%). It was 
concluded that, Lower River Benue, Makurdi, Nigeria is rich in 
parasitic fauna and nematodes were the most prevalent parasite.

Keywords:
Prevalence, intensity,
Labeo senegalensis,
Momyrus senegalensis,
Acanthocephalus, Nematode

843



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

INTRODUCTION
Fish has continued to be the most easily affordable source of animal protein to the average Nigerian 
family (Ocholi and Alabi, 2019). Nigeria has an estimated 12.5mha of freshwater surface area of lakes, 
reservoirs and ponds which are capable of producing 521,000 metric tons of fish but have not 
succeeded in attaining fish food sufficiency (Abdel-Gaber et. al., 2015). Due to the importance of fish 
as one of the major source of obtaining cheap protein, studies on parasitic prevalence and diseases of 
fish is very important. The propagation of Fish provides a large reservoir of parasitic pathogen common 
to both cultured and wild fish. Presently, no epidemic has been reported in Nigeria but it is likely that as 
the culture of fish becomes intensive and more widespread, parasites will be liable to become a menace 
(Kawe et. al., 2016). Parasites are organisms that live on another organism either permanently or for a 
part of their lives (Omeji et. al., 2017). they are the most diverse and common pathogens the 
aquaculturist may likely encounter and parasite diseases are very common in fish all over the world, 
especially in the tropics (Ocholi and Alabi, 2019). Parasites of fish are of great importance, since they 
often produce a weakening of the host immune system thereby increasing their susceptibility to 
secondary infections. This results in the nutritive devaluation of fish and subsequent economic losses 
(Anthony et al., 2014). The possibility of disease transmission from fish to humans through fish 
consumption is a public health concern (Omeji et. al., 2017). The commonest infection are caused by 
trematodes Clinostomum specie., Euclinostomum species and nematode Procamellanus sp. Earlier 
workers, Ukoli, (2005) and (Omeji et. al., 2017) has subscribed to this observation. The negative 
impact of parasites on host-growth and survival has been demonstrated in several parasite-fish host 
system both in aquaculture and in natural population (Ugbor et. al., 2014). Profound pathological 
changes associated with piscine parasites cause low growth rhythm considerably, affect the quality of 
the fish and often leads to death of fish resulting in enormous economic losses to the fish industry. 
Some piscine parasites are transmissible to man and other fish-eating domestic and non domestic 
animals (Klinger and Francis-Floyd, 2012). Documented information on fish diseases is scanty in 
Nigeria and work carried out in limited number of water systems. Some of which were in Kainji lake 
and associated tributaries of River Niger by Ukoli, (2005); in Gwagwalada, Abuja by Dankishiya, and 
Zakari, (2007); in Zaria Area by Ugbor et. al.,(2014). The Bagridae families are the most caught and 
sought for fish from lower river Benue. The study was conducted to determine the parasites diversity, 
their infection intensity and prevalence in Labeo senegalensis and Momyrus senegalensis from Lower 
River Benue, Nigeria. 

MATERIALS AND METHODS
Sample collection
Fish samples were obtained from River Benue at Makurdi. Two hundred and forty (240) live samples of 
120 Labeo senegalensis and Momyrus senegalensis each of various sizes were randomly examined. 10 
samples of each species were collected twice monthly for the period of 6months. The samples were 
identified using as described by Omeji et al. (2017). 
Fish examination and Parasite collection
Total and standard lengths of each fish were measured in centimeters (cm) using meter rule, while the 
fresh weight of each of the fishes were recorded in grams (g) using an electronic weighing balance. The 
stomach, gut and the intestine of the fish species were dissected and examined. The lining of the gut 
lumen were scrapped out and placed in 0.09% normal saline solution. Two drops of the preparation was 
placed on slide covered with slips and observed on the HP Laptop using a Zd pix 640 digital microscope 
for parasites. The parasites were identified by taking and saving their pictures on the Laptop as 
observed on the Zd pix 640 digital microscopes, and compared with the pictorial guide on fish parasites 
by Poudre et al. (2005). All measurements were taken and parasites observed on the binocular 
microscope were counted and recorded. 
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Parameters Test
Mean intensity= Total no of parasites in lt/wgt group/No of fish infected in lt/wgt group, Mean 
abundance=Total no of parasites in lt/wgt group/No of fish examined in lt/wgt group, Percentage 
Parasites =Total no of parasites /Total parasites X 100, Percentage infestation = Total no infested/ No 
of fish examined X 100
Data analysis
Parasite prevalence, mean intensity and mean abundance were determined according to Omeji et al. 
(2017).  The data obtained was subjected to statistical analysis using SPSS 17.0 software to determine 
the significance mean difference.
RESULTS AND DISCUSSION
Results of the Parasite distribution of Labeo senegalensis and Momyrus senegalensis from River Benue 
are presented in Table 1. Of the 120 Labeo senegalensis examined, 51 (42.5%) were infected and 
observed to harbour a total number of 445 parasites belonging to two species of Nematode 
(Camellanus sp., Eustrongyllus sp) and Acanthocephala (Neoechinorhynchus africanus and 
Pomphorhynchus sp). The prevalence (%) and mean intensity were recorded as 42.5 and 8.72 
respectively. The survey found a wide spectrum of parasites distributed throughout the study period. 
The parasite diversity indices obtained in the present study revealed that fish samples harbored 
different classes and species of parasites in rainy and dry seasons. A recovery of Five (5) species of 
parasites from two fish species collected from Lower River Benue is a clear indication of a high species 
diversity characteristic of productive lotic water bodies (Dankishaya et al., (2013). Results of the 120 
Momyrus senegalensis examined revealed that 40 (33.3%) were infested with 192 parasitic nematodes 
(Procamellanus sp., Camellanus sp and Spinitectus mormyri) while prevalence (%) and mean intensity 
were 33.3 and 4.8 respectively. Camellanus sp was found to be the most abundant species infesting 
both fish species examined in rainy and dry seasons, while Procamellanus sp, Eustrongyllus sp, 
Neoechinorhynchus africanus, Spinitectus mormyri and Pomphorhynchus sp  where observed to 
infest fish in either of the seasons. The parasites harboured were tropically and free-living transmitted 
species that were present in relatively high numbers. The variation in parasite populations in the hosts 
may reflect habitat and diet of the fish (Omeji et. al., 2017).

Table 1: Parasites distribution of Labeo senegalensis and Momyrus senegalensis from Lower River 
Benue, Makurdi 

Fish species Number of 

fish
Examined

Number of fish

Infected

Total 

Number of 

Parasite 

recovered 

Prevalence 

(%)

Mean 

Intensity

Labeo senegalensis 120 51

(42.50%)

445 

(69.86%)

42.50 8.72

Momyrus senegalensis 120 40 (33.33%) 192 
(30.14%)

33.33 4.80

Total 240 91 637

X2 1.68
P-value 0.89

TNP- total number of parasite, MI- mean intensity, MA- mean abundance

Results of the percentage parasite infestation of Labeo senegalensis and Momyrus senegalensis in rainy 
and dry season are shown in table 2. It was observed that, Labeo senegalensis had 27.1+0.11 
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percentage infestation in dry season and 24.5+0.19 in the rainy season. The results indicated a 
significant difference (P=<0.05) in the parasite density of Labeo senegalensis between the raining and 
dry seasons. However, there was no observed significant difference (P=>0.05) in Momyrus 
senegalensis in the dry and rainy seasons as presented in Table 2. The overall parasite density for all 
species selected for this study was more prevalent culminating in high mean intensities in the rainy 
season than the dry season. This observation agrees with the findings of Agababiaka et al., (2017) on the 
seasonal occurrence of parasite which could be attributed to the omnivorous behavior of fish species 
resulting into continuous intake of infected intermediate hosts and increase in water volume. 

Table 2: Percentage infestation of Labeo senegalensis and Momyrus senegalensis in rainy and dry season

Parasite InfestationFish species

Dry season (%) Rainy season (%)

P-value

Labeo 

senegalensis

27.1+0.11 24.5+0.19 0.04*

Momyrus 

senegalensis

15.0+0.36 9.9+0.07 0.19**

Table 3 presents the results of the Parasite species and site of infection on Labeo senegalensis from 
Lower River Benue, Makurdi.  Among the body parts examined for Labeo senegalensis as presented in 
table 3, stomach and intestine harbored the isolated parasites. It was also observed that intestine had 
the highest number of parasites 295 (66.29%) while stomach had the least 150 (33.71%).

Table 3: Parasite species and site of infection on Labeo senegalensis from Lower River Benue 

Parasites species Phyla Organ 
infested

No (%) fish infested TNP (%)

Camalanus species Nematoda Intestine 11 (21.57%) 135 (30.34%)

Eustrongyllus species Nematoda Stomach 17 (33.33%) 150(33.70%)

Neoechinorhynchus 
africanus 

Acanthocephala Intestine 13 (25.49%) 143 (32.13%)

Pomphorhynchus sp)., Acanthocephala  Intestine 10 (19.61%) 17(3.82%)

Results of the Parasite species and site of infection for Momyrus senegalensis is presented in Table 4. 
The result was observed to follow the same trend as the highest parasites 108(56.25%) were found in 
the intestine. Generally, intestine had the highest parasite density among the body parts of the fish 
examined for this study. The highest percentage parasites density recorded for intestine compared to 
other body parts of the fish species used in this work could be attributed to the fact that most digestion 
activity took place in the intestine resulting in the release of parasite ova/cysts in food particles. This 
agrees with the reported works of Onyedineke et al., (2010), Omeji, et al., (2017) who reported higher 
number of parasites in the intestine compared to other organs. Also, Dankishaya et al., (2013) reported 
higher number of parasites in the intestine than the stomach and attributed it to several factors among 
which is the presence of digested food or due to the greater surface area presented by the intestine.
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Plate A: Larval stage of a Nematode (Eustrongyllus species) recovered from the stomach Labeo 
senegalensis
Plate B: Larval stage of Camallanus sp. found in the stomach of Momyrus senegalensis (x100)

CONCLUSION AND RECOMMENDATION
The findings from this study revealed the richness of Lower River Benue in parasitic fauna. This 
indicated that, it has high parasitic load as exhibited by the high rate of infection on the fishes. The 
study also revealed the seasonal parasitic variation of the examined fish species.  L. senegalensis and M. 
senegalensis examined in this study were parasitized and Nematodes were the most prevalent parasites 
species recorded. However, L. senegalensis had the highest percentage parasitic density among them in 
both rainy and dry seasons. Among the body parts of the fish studied, intestine had the highest parasitic 
infection.  Due to the diversity of parasites species infesting fish, complete elimination of parasites 
from fish may not be feasible; however, it is important to ensure that measures to reduce parasitic 
composition in the aquatic ecosystem and mitigate the risks of infection to man is in place. Creation of 
awareness on the zoonotic nature of fish parasites and danger of consumption of raw or undercooked 
fish to human should be emphasized while Landed fish from the Lower River Benue should be properly 
degutted and cleaned to remove the intestine, stomach, gills and other organs that parasites are found. 
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INTRODUCTION
Macrobrachium equidens, a species of freshwater prawn, is prevalent in the aquatic ecosystems of 
Cross River State, Nigeria, particularly in the Calabar River. This species is known for its ecological and 
economic significance, as it contributes to local fisheries and serves as a valuable food source for 
communities in the region (Holzlohner and Nwosu, 2013). Despite its importance, there is limited 
detailed research on the nutritional profile of M. dux, especially in the context of its habitat in the 
Calabar River.
Nutritional analysis of aquatic species is crucial for understanding their potential health benefits and 
their role in human diets (Oginni et al., 2019; Opeh and Udo, 2024). Prawns like M. equidens are 
known to be rich in proteins, essential fatty acids, vitamins, and minerals, which are vital for human 
health (Jana and Chakrabarti, 2017). However, variations in nutrient content can occur based on 
factors such as geographic location, environmental conditions, and seasonal changes (Ukpatu and 
Udoh, 2017). This study aims to fill the gap in knowledge by providing a comprehensive assessment of 

ABSTRACT
The nutritional value of Macrobrachium equidens, a species of 
freshwater shrimp found in the Calabar River, Cross River State, is 
not well-documented. Understanding its nutrient composition and 
antioxidant activity can provide insights into its potential health 
benefits. This study analyzed the proximate composition, mineral 
content, vitamin levels, and fatty acid profile of M. equidens obtained 
from the Calabar River. Various cooking methods—grilling, boiling, 
frying, and fresh consumption—were used to evaluate their impact 
on antioxidant activity. Nutrient values were measured using 
standard analytical methods. The proximate composition of M. dux 
revealed 76.5 ± 1.8% moisture, 16.2 ± 0.9% protein, and 2.8 ± 0.4% 
fat. Mineral content included 280.5 ± 15.2 mg/100g phosphorus, 
110.3 ± 8.9 mg/100g calcium, 42.1 ± 3.7 mg/100g magnesium, and 
140.6 ± 11.3 mg/100g potassium. Vitamin A was present at 1200 ± 
150 µg/100g, vitamin C at 18.4 ± 2.1 µg/100g, and vitamin E at 10.5 
± 1.2 µg/100g. Omega-3 and omega-6 fatty acids were measured at 
1.8 ± 0.2 g/100g and 2.4 ± 0.3 g/100g, respectively. Macrobrachium 
equidens from the Calabar River offers substantial nutritional 
benefits, with high protein and essential minerals. Grilling is the most 
effective cooking method for preserving antioxidant activity and 
nutritional value. Incorporating grilled M. dux into the diet can 
enhance nutritional intake and promote health benefits.

Keywords:
Nutritional value,
antioxidant activity,
freshwater shrimp 
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the nutritional composition of M. dux from the Calabar River. Understanding the nutrient profile of 
this species will contribute to its better utilization in local diets and may support its inclusion in 
nutritional and therapeutic applications. Moreover, this research will add to the existing data on the 
nutritional value of freshwater prawns from Nigerian waters, potentially informing fisheries 
management and public health strategies.

MATERIALS AND METHODS
Sample Collection
Fresh specimens of Macrobrachium equidens (Plate 1) were collected from artisanal landings at 
Nsidung beach of the Calabar River, Cross River State, Nigeria. The prawns were harvested using local 
fishing techniques, including baited traps and scoop nets, during the months of July and August 2023 to 
ensure seasonal consistency. The collected samples were immediately placed in coolers with ice to 
preserve their freshness and transported to the laboratory for analysis.

Plate 1: Picture of Macrobrachium equidens from the Calabar River

Sample Preparation
Upon arrival at the laboratory, the prawns were cleaned thoroughly with distilled water to remove any 
debris and contaminants. The exoskeletons were removed, and the flesh was separated from the heads 
and other non-edible parts. The cleaned prawn meat was then dried using a freeze dryer to ensure the 
preservation of its nutritional components. The dried samples were ground into a fine powder using a 
laboratory grinder and stored in airtight containers at -20°C until further analysis.
Nutritional Analysis
Moisture content was determined by drying the samples in an oven at 105°C until constant weight was 
achieved, as described by AOAC (2005). Crude protein was measured using the Kjeldahl method 
(AOAC, 2005), where nitrogen content was converted to protein using a conversion factor of 6.25. Crude 
fat was extracted with petroleum ether using the Soxhlet extraction method. Ash content was obtained by 
incinerating the samples in a muffle furnace at 550°C until constant weight. Carbohydrates was calculated 
by difference, subtracting the sum of moisture, protein, fat, and ash from 100%. Minerals (P, Ca, Mg, K, 
Cu, Fe, Zn, Na) were analyzed using Atomic Absorption Spectroscopy (AAS) following the procedures 
outlined by AOAC (2005). Samples were digested with concentrated nitric acid before analysis. Vitamins 
(A, C, E) were quantified using High-Performance Liquid Chromatography (HPLC) methods adapted 
from existing protocols. Fatty acids were determined using Gas Chromatography (GC) with a flame 
ionization detector (FID). Fatty acids were extracted and methylated before analysis according to 
established procedures (Inyang-Etoh et al., 2024).
Statistical Analysis
Data were analyzed using descriptive statistics to determine means and standard deviations. 
Differences between groups were assessed using one-way analysis of variance (ANOVA), with post hoc 
comparisons made using Tukey's test. Statistical significance was set at p < 0.05. All analyses were 
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conducted using SPSS software (version 26.0).

RESULTS
Proximate Composition
The proximate analysis of Macrobrachium dux revealed a high moisture content of 76.5 ± 1.8%. The 
crude protein content was 16.2 ± 0.9%, while the crude fat content was relatively low at 2.8 ± 0.4%. 

Figure 1: Proximate Composition of Macrobrachium equidens

Mineral Content
The mineral analysis showed significant concentrations of essential minerals in Macrobrachium dux. The 
mean phosphorus (P) content was 280.5 ± 15.2 mg/100g, while calcium (Ca) was 110.3 ± 8.9 mg/100g. 
Magnesium (Mg) was found at 42.1 ± 3.7 mg/100g, and potassium (K) measured 140.6 ± 11.3 mg/100g. 
The mean concentrations for copper (Cu), iron (Fe), zinc (Zn), and sodium (Na) were 1.5 ± 0.2 mg/100g, 
1.2 ± 0.3 mg/100g, 2.1 ± 0.4 mg/100g, and 450.8 ± 20.5 mg/100g, respectively (Table 1). 

Table 1: Mineral, Vitamin and Fatty Acid Profile of Macrobrachium equidens

Mineral Mean ± SD

 Phosphorus (P) 280.5 ± 15.2

Calcium (Ca) 110.3 ± 8.9

Magnesium (Mg) 42.1 ± 3.7

Potassium (K) 140.6 ± 11.3

Copper (Cu) 1.5 ± 0.2

Iron (Fe) 1.2 ± 0.3

Zinc (Zn) 2.1 ± 0.4

Sodium (Na) 450.8 ± 20.5

Vitamin A 1200 ± 150

Vitamin C 18.4 ± 2.1

Vitamin E 10.5 ± 1.2

Omega-3 (x3) 1.8 ± 0.2

Omega-6 (x6) 2.4 ± 0.3

Saturated Fatty Acids 0.9 ± 0.1

Monounsaturated Fatty 
Acids

0.6 ± 0.1

Units: minerals (mg/100g), vitamins (µg /100g), fatty acid (g/100g)
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Vitamin Content
The vitamin analysis indicated that Macrobrachium dux is a good source of essential vitamins. The 
mean vitamin A content was 1200 ± 150 µg/100g. Vitamin C was present at 18.4 ± 2.1 µg/100g, and 
vitamin E was measured at 10.5 ± 1.2 µg/100g (Table 1). 
Fatty Acid Profile
The fatty acid profile of Macrobrachium dux demonstrated notable amounts of omega-3 (x3) and 
omega-6 (x6) fatty acids, with mean values of 1.8 ± 0.2 g/100g and 2.4 ± 0.3 g/100g, respectively. 
Saturated fatty acids were present at 0.9 ± 0.1 g/100g, while monounsaturated fatty acids were found 
at 0.6 ± 0.1 g/100g (Table 1). 

DISCUSSION
The nutritional profile of Macrobrachium dux obtained from the Calabar River, Cross River State, 
reveals several important characteristics that align with and diverge from findings in previous studies 
on shrimp and other crustaceans. The proximate composition of Macrobrachium dux shows a high 
moisture content, which is consistent with the general findings for crustaceans. For instance, high 
moisture content in shrimp species such as Penaeus monodon and Penaeus semisulcatus has been well 
documented, typically ranging from 70% to 80% (Musaiger and D'Souza, 2008). The crude protein 
content of 16.2 ± 0.9% in M. dux is comparable to that reported for P. monodon (17.5%) and higher 
than values for Farfantepenaeus indicus (14.8%) (Dayal et al., 2013). The mineral content analysis of 
M. dux indicates significant concentrations of essential minerals. Phosphorus and calcium levels are 
higher than those reported for P. monodon. The magnesium and potassium levels are also comparable 
to those found in P. semisulcatus and other similar species (Golgolipour et al., 2019). The copper and 
zinc concentrations in M. dux are within the range reported for other shrimp species, reinforcing its 
mineral richness. Notably, the sodium content is higher than values typically found in other shrimp 
species, which could be attributed to environmental factors or specific dietary intake.
The vitamin content of M. dux reflects its role as a significant source of essential nutrients. The mean 
vitamin A content is comparable to levels found in P. monodon and F. indicus (Karuppasamy et al., 2013). 
The vitamin C content is slightly lower than that reported for P. semisulcatus (25 µg/100g), but still 
contributes to the shrimp's overall nutritional value (Luzia et al., 2003). Vitamin E levels are consistent 
with values found in other crustaceans, supporting the role of M. dux in providing antioxidants. The fatty 
acid profile of M. dux demonstrates a healthy balance of omega-3 and omega-6 fatty acids, which is 
consistent with the beneficial profiles reported for P. monodon (Sowmya and Sachindra, 2012). The levels 
of saturated and monounsaturated fatty acids are lower compared to those found in other shrimp species, 
which typically have higher saturated fat content (Alfaris et al., 2021). This profile indicates that M. dux is 
a good source of essential fatty acids, contributing to a healthy diet.

CONCLUSION
The nutritional profile of Macrobrachium dux from the Calabar River, Cross River State, reveals that this 
species is a rich source of essential nutrients, including high levels of protein, vitamins, and minerals. The 
study found that M. dux has a favorable macronutrient composition with low fat content but significant 
amounts of omega-3 and omega-6 fatty acids. The mineral content, including phosphorus, calcium, 
magnesium, and potassium, is notably high compared to other crustacean species.
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INTRODUCTION
Water quality plays a crucial role in maintaining aquatic ecosystems, particularly in fish farming 
environments. The health of such systems is directly influenced by the abundance and diversity of 
phytoplankton, which are primary producers at the base of aquatic food webs (George et al., 2016). 
Phytoplankton not only support fish populations by providing a natural food source but also regulate 
critical processes such as nutrient cycling and oxygen production (Ekpo et al., 2022). The success of 
aquaculture systems, including fish farms, depends on the delicate balance of these factors, with water 

ABSTRACT
Phytoplankton abundance and diversity are essential indicators of 
water quality in aquatic ecosystems, inflencing primary productivity 
and overall health. This study aimed to evaluate the relationship 
between water quality parameters and phytoplankton abundance in 
selected ponds at the University of Calabar Fish Farm, Cross River 
State, Nigeria. Water quality was measured by analyzing pH, 
temperature, dissolved oxygen, nitrate, phosphate, and ammonia, 
while phytoplankton species were identified and quantified. The 
study utilized standard field sampling techniques, followed by 
laboratory analyses. Mean water quality parameters across the ponds 
showed pH values ranging from 6.9 ± 0.3 to 7.8 ± 0.1, temperatures 
from 27.8 ± 0.5°C to 29.0 ± 0.4°C, and dissolved oxygen from 6.5 ± 
0.4 mg/L to 7.2 ± 0.3 mg/L. Phytoplankton abundance varied across 
ponds, with values ranging from 32,000 to 40,500 cells/mL, and the 
Shannon-Wiener diversity index ranged from 2.4 to 2.8. Correlation 
analysis revealed significant positive relationships between 
phytoplankton abundance and temperature (r = 0.72), phosphate (r 
= 0.70), and dissolved oxygen (r = 0.68), while ammonia showed a 
negative correlation (r = -0.30). The findings indicate that water 
quality parameters significantly affect phytoplankton dynamics, with 
higher temperatures and nutrient levels promoting growth. It is 
recommended that pond management practices focus on optimizing 
temperature and nutrient inputs to maintain healthy aquatic 
ecosystems, while also mitigating ammonia levels to prevent negative 
impacts on phytoplankton communities. 

Keywords:
Phytoplankton abundance,
water quality, aquatic
ecosystems, nutrient
dynamics, pond management.
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quality being a primary determinant of phytoplankton productivity and diversity. The University of 
Calabar Fish Farm, located in Cross River State, Nigeria, operates several ponds that support different 
species of fish. These ponds are subject to varying environmental conditions, which influence water 
quality parameters such as pH, dissolved oxygen, temperature, and nutrient concentrations. These 
parameters, in turn, affect the abundance and diversity of phytoplankton populations (Dan et al., 
2019). Poor water quality can lead to a reduction in phytoplankton, which may negatively impact fish 
growth and overall pond productivity (Akindele and Olutona, 2017).
Previous studies have demonstrated that specific water quality factors, such as nutrient levels and light 
availability, are crucial for the growth and sustainability of phytoplankton communities (Andriyani et 
al., 2020). However, the effects of these factors in tropical aquaculture settings, particularly in Nigeria, 
remain underexplored. Understanding the relationship between water quality and phytoplankton 
abundance in such environments is essential for the effective management of fish farms, as it can guide 
strategies to optimize productivity while maintaining ecological balance. This study aims to assess the 
effect of water quality on phytoplankton abundance in selected earthen ponds at the University of 
Calabar Fish Farm. By analyzing key water quality parameters and their correlation with 
phytoplankton populations, this research seeks to contribute valuable insights into the management of 
aquaculture systems in tropical regions. 

MATERIALS AND METHODS
Study Area
The study was conducted at the University of Calabar Fish Farm, located in Cross River State, Nigeria. 
The farm comprises several earthen ponds used for rearing different species of fish, including catfish 
and tilapia. The selected ponds vary in size, depth, and water management practices. 
Sample Collection
Water samples were collected from five selected ponds within the fish farm over a four-month period 
(April to July 2023). Samples were taken at three different points within each pond—near the inlet, in 
the center, and near the outlet—to ensure comprehensive coverage of water conditions. Sampling was 
conducted biweekly, with a total of 30 samples collected per pond throughout the study. 
Phytoplankton samples were obtained using a 20-micron plankton net, and water samples were 
collected using sterile plastic bottles (Boyd, 1998).
Water Quality Analysis
Key water quality parameters, including pH, temperature, dissolved oxygen (DO), and nutrient 
concentrations (nitrates, phosphates, and ammonia), were measured for each sample. A digital pH 
meter was used to measure pH levels, while temperature and DO were measured using a 
multiparameter probe (APHA, 2005). Nitrate and phosphate concentrations were determined using a 
spectrophotometer. Ammonia concentrations were measured using the Nessler method (Wetzel, 
2001). All analyses were conducted within 24 hours of sample collection to ensure accuracy.
Phytoplankton Identification and Counting
Phytoplankton abundance was assessed by counting the number of cells in each sample under a light 
microscope at 400x magnification. Subsamples were drawn from the plankton concentrate, fixed with 
Lugol's iodine solution, and allowed to settle for 24 hours in a sedimentation chamber (Reynolds, 2006). 
Phytoplankton species were identified using standard taxonomic keys (Prescott, 1978), and the 
abundance of each species was recorded in cells per milliliter (cells/mL). Phytoplankton diversity indices, 
such as the Shannon-Wiener index, were also calculated to evaluate the ecological health of the ponds.
Data Analysis
Mean values and standard deviations were calculated for each water quality parameter and 
phytoplankton count. Pearson's correlation analysis was used to determine the relationship between 
water quality parameters and phytoplankton abundance. One-way analysis of variance (ANOVA) was 
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employed to test for significant differences in water quality and phytoplankton abundance across the 
different ponds (Zar, 2010). Statistical significance was set at p < 0.05.

RESULTS
The water quality parameters measured in the selected ponds at the University of Calabar Fish Farm 
revealed significant findings. The pH levels ranged from 6.9 ± 0.3 in Pond 3 to 7.8 ± 0.1 in Pond 2, 
with all ponds falling within the acceptable range of 6.5–8.5 for aquatic life. Temperature varied 
slightly among the ponds, with mean values between 27.8 ± 0.5°C in Pond 3 and 29.0 ± 0.4°C in Pond 
2. These temperatures align with the optimal range of 25–30°C recommended for aquaculture 
systems. Dissolved oxygen levels ranged from 6.5 ± 0.4 mg/L in Pond 3 to 7.2 ± 0.3 mg/L in Pond 2, 
exceeding the minimum threshold of 5 mg/L necessary to sustain aquatic organisms. Nutrient 
concentrations also varied across the ponds. Nitrate levels were relatively low, ranging from 1.9 ± 0.2 
mg/L in Pond 2 to 2.4 ± 0.2 mg/L in Pond 3, all within the environmental standard of less than 5 mg/L. 
Phosphate concentrations were similarly modest, with values between 0.09 ± 0.02 mg/L in Pond 2 and 
0.15 ± 0.03 mg/L in Pond 3, remaining well below the threshold of 0.5 mg/L that could trigger 
excessive algal blooms. Ammonia concentrations were minimal, ranging from 0.02 ± 0.01 mg/L in 
Pond 3 to 0.05 ± 0.02 mg/L in Pond 2, all within safe levels of less than 0.1 mg/L.

Table 1: Water Quality Parameters in Selected Ponds 

Pond 1 7.3 ± 0.2 28.5 ± 0.3 6.8 ± 0.4 2.1 ± 0.1 0.12 ± 0.01 0.03 ± 0.01

Pond 2 7.8 ± 0.1 29.0 ± 0.4 7.2 ± 0.3 1.9 ± 0.2 0.09 ± 0.02 0.05 ± 0.02

Pond 3 6.9 ± 0.3 27.8 ± 0.5 6.5 ± 0.4 2.4 ± 0.2 0.15 ± 0.03 0.02 ± 0.01

Pond 4 7.5 ± 0.2 28.2 ± 0.2 6.9 ± 0.3 2.3 ± 0.1 0.10 ± 0.01 0.04 ± 0.01

Pond 5 7.1 ± 0.2 28.7 ± 0.3 6.7 ± 0.3 2.0 ± 0.2 0.14 ± 0.02 0.03 ± 0.01

Pond ID pH oTemp( C) DO(mg/L) NO (mg/L)3 PO (mg/L)4 NH (mg/L)3

*Values are Means ± SD

Phytoplankton abundance and diversity varied notably among the ponds. Abundance was highest in 
Pond 2 at 40,500 cells/mL, dominated by Oscillatoria sp., and lowest in Pond 3 at 32,000 cells/mL, 
where Navicula sp. was most prevalent. The Shannon-Wiener Diversity Index ranged from 2.4 in Pond 
3 to 2.8 in Pond 2, indicating moderate to high diversity. These findings highlight the ecological 
variability across the ponds and provide insights into their phytoplankton community structure.

Fig. 1: Total Phytoplankton Abundance (cells/mL) in selected earthen ponds

856



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Fig. 2: Shannon-Wiener Diversity Index of phytoplankton in selected earthen ponds

Correlation analysis showed significant relationships between water quality parameters and 
phytoplankton abundance. Temperature exhibited the strongest positive correlation with abundance 
(r = 0.72), followed closely by phosphate (r = 0.70) and dissolved oxygen (r = 0.68). pH levels also 
correlated positively with abundance (r = 0.65), while nitrate showed a moderate positive correlation 
(r = 0.55). Conversely, ammonia demonstrated a negative correlation (r = -0.30), indicating a 
potential inhibitory effect on phytoplankton growth at higher concentrations. These correlations 
underscore the importance of water quality parameters in shaping phytoplankton dynamics in 
aquaculture ponds.

Table 2: Correlation Between Water Quality Parameters and Phytoplankton Abundance 

Water Quality Parameter

pH 0.65

Temperature (°C) 0.72

Dissolved Oxygen (mg/L) 0.68

Nitrate (mg/L) 0.55

Phosphate (mg/L) 0.70

Ammonia (mg/L) -0.30

DISCUSSION
The results from the water quality and phytoplankton abundance analysis at the University of Calabar 
Fish Farm highlight the significant role of environmental factors in influencing phytoplankton 
dynamics in aquaculture ponds. The pH values observed across the ponds (ranging from 6.9 to 7.8) 
indicate that the water quality in the selected ponds falls within the acceptable range of 6.5 to 8.5, as 
recommended by the WHO (2017). This range is optimal for phytoplankton growth, which thrives in 
neutral to slightly alkaline conditions. Pond 2 exhibited the highest pH, suggesting that this pond may 
have slightly more favorable conditions for the growth of species requiring higher pH levels, such as 
Oscillatoria sp. On the other hand, Pond 3, with a lower pH value, likely reflects different biological or 
chemical processes that may be affecting the species composition, especially the prevalence of 
Navicula sp. Temperature, ranging from 27.8°C to 29.0°C, also falls within the optimal range (25-
30°C) for both phytoplankton and fish growth in aquaculture systems (FAO, 2016). The higher 
temperatures in Pond 2 may contribute to a more favorable environment for phytoplankton growth by 
enhancing metabolic processes, as reflected in the higher abundance of phytoplankton in this pond. 
The relatively consistent temperature values across the ponds further suggest that the temperature 
was not a limiting factor for phytoplankton growth during the study period.
Dissolved oxygen (DO) concentrations ranged from 6.5 to 7.2 mg/L, with Pond 2 showing the highest 
DO level. This is within the minimum requirement of = 5 mg/L for sustaining aquatic life (WHO, 
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2017). The positive correlation between dissolved oxygen and phytoplankton abundance suggests that 
oxygen availability, influenced by photosynthesis, supports phytoplankton growth and overall pond 
health. The relatively low concentrations of nitrates (<5 mg/L), phosphates (<0.5 mg/L), and 
ammonia (<0.1 mg/L) observed across the ponds are indicative of low eutrophication risk and 
generally good water quality. Nitrate and phosphate are essential nutrients for phytoplankton, and 
their low concentrations, particularly in Pond 2, suggest that nutrient availability is not limiting 
phytoplankton growth. Ammonia, however, showed a negative correlation with phytoplankton 
abundance, which could indicate that elevated ammonia levels at higher concentrations may inhibit 
phytoplankton growth, as ammonia toxicity can stress algae and reduce overall community health 
(Andriyani et al., 2022).
The total phytoplankton abundance across the ponds was relatively high, ranging from 32,000 to 40,500 
cells/mL. Pond 2 exhibited the highest abundance of phytoplankton, dominated by Oscillatoria sp., while 
Pond 3 had the lowest abundance, with Navicula sp. being the dominant species. The dominance of 
Oscillatoria sp. in Pond 2 may be attributed to favorable conditions such as nutrient availability, 
particularly phosphorus, which is known to support the growth of blue-green algae (Ekpo et al., 2022). In 
contrast, the lower phytoplankton abundance in Pond 3 may reflect nutrient limitations or competitive 
interactions between phytoplankton species, which could inhibit the growth of certain species such as 
Oscillatoria sp. Phytoplankton diversity, as measured by the Shannon-Wiener Diversity Index, ranged 
from 2.4 to 2.8, indicating moderate to high diversity across the ponds. Pond 2, with the highest diversity 
index, suggests a well-balanced phytoplankton community with a variety of species coexisting, which is 
beneficial for ecosystem stability (George et al., 2016). In contrast, Pond 3, with a lower diversity index, 
may be more prone to environmental changes, and its lower diversity could reduce its resilience. 
Furthermore, the presence of Microcystis sp. in Pond 4 raises concerns about potential harmful algal 
blooms (HABs), which can be detrimental to fish health and water quality.
The analysis of correlations between water quality parameters and phytoplankton abundance revealed 
some interesting trends. Temperature and phosphate levels showed the strongest positive correlations 
with phytoplankton abundance, with correlation coefficients of 0.72 and 0.70, respectively. These 
findings highlight the importance of temperature and phosphorus in driving phytoplankton growth, as 
both factors support metabolic activities and nutrient assimilation, respectively (Dan et al., 2019). The 
positive correlation between dissolved oxygen and phytoplankton abundance (r = 0.68) further 
supports the notion that the oxygen produced by phytoplankton during photosynthesis sustains their 
own growth and the overall health of the pond ecosystem. In contrast, the moderate correlation 
between nitrate concentration and phytoplankton abundance (r = 0.55) suggests that while nitrate is 
an essential nutrient, its impact on phytoplankton growth may be influenced by other factors, such as 
competition among species or variations in nutrient assimilation rates (Ekpo et al., 2022). The negative 
correlation between ammonia and phytoplankton abundance (r = -0.30) further suggests that elevated 
ammonia levels could potentially inhibit phytoplankton growth, possibly due to the toxic effects of 
ammonia at higher concentrations (Andriyani et al., 2022).

CONCLUSION
The present study indicates that water quality parameters significantly influence phytoplankton 
abundance in the selected ponds. The strong positive correlations of temperature, phosphate, pH, and 
dissolved oxygen with phytoplankton growth highlight the importance of maintaining favorable 
environmental conditions to support healthy aquatic ecosystems. Further studies could focus on the 
mechanistic pathways through which these parameters affect phytoplankton dynamics and the 
implications for pond management practices.
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INTRODUCTION 
Fish distribution and abundance in aquatic ecosystems are largely determined by physical and chemical 
parameters (Opadokun et al., 2015). Different fish species exhibit varying tolerances to water quality. 
For instance, tilapia thrive in conditions that may be detrimental to species like Clarias. This 
emphasizes the need for species-specific water quality assessments (Diana et al., 2017). It is important 
to have a good understanding of these environmental influences for effective and sustainable 
management of fish populations (Odulate et al., 2014; Abdul, 2015). Pollution and environmental 
deterioration have also contributed to a decline in the productivity of coastal ecosystems. Therefore, it 
is generally accepted that inadequate management of these ecosystems is to blame for the demise of 

ABSTRACT 
This study evaluated the influence of physical and chemical parameters 
on the distribution and abundance of four commercially important fish 
species (Chrysichthys nigrodigitatus, Coptodon zillii, Ethmalosa 
fimbriata and Elops lacerta) from Lekki Lagoon, Southwest. Samples 
were collected between January and December, 2022 from five landing 
sites (Wharf, Agbalegiyo, Ebute-Oni, Ilumofin and Luboye) using 
proportional sampling which depends on the level of fishing activities. 
Environmental variables such as temperature, salinity, dissolved 
oxygen, and nutrients were monitored using standard methods, and 
their relationship with fish abundance was analyzed. Results revealed 
that C. nigrodigitatus and C. zillii dominated the catch, contributing 45 
% and 53 % of total landings, respectively. Mean values of physico-
chemical parameters were temperature (28.55±0.730C), 
transparency (4.62±1.07 m), electrical conductivity (251.53±94.65 
µScm-1), pH (6.84±0.54), total alkalinity (26.68±6.56 mg/L), 
dissolved oxygen (7.02±0.46 mg/L), salinity (3.77±1.17 ‰), nitrate 
(0.28±0.08 mg/L) and phosphate (0.26±0.06 mg/L). The first axis of 
the canonical correspondence analysis showed that 84% of the 
environmental variables positively influenced the distribution and 
abundance of fish species with temperature, salinity and dissolved 
oxygen having the major effects. There is need for continuous 
monitoring of the water quality of the lagoon for sustainable 
management of the fish populations.

Keywords:
Multivariate, Estuary,
Climate Change,
Fish stocks
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numerous coastal fisheries (Akinsanya et al., 2021; Amponsah et al., 2023). Nonetheless, there is 
mounting evidence that human pressures and climatic fluctuations are among the external factors 
adversely affecting coastal ecosystems (Gradilla-Hernández et al., 2020). Previous studies have shown 
that fluctuations in these parameters can lead to changes in fish behavior, reproduction, and overall 
population dynamics (FAO, 2022). This paper aims to determine the water quality parameters of 
Lekki Lagoon, with a focus on their effects on the selected fish species. The findings of the study will 
contribute to effective fishery management by identifying key environmental factors that influence 
fish distribution in this important ecosystem.

MATERIALS AND METHODS
Study area
The location of the study was Lekki lagoon. It is situated on latitude 4°00' and 4°15' E and longitude 
6°25' and 6°37' N in Nigeria (Figure 1). The lagoon is about 64 m deep with a surface area of 247 m2 
and extends about 200 km from Dahomey border to the Niger Delta (Adekoya, 1995). The freshwater 
Epe lagoon is connected to it to the east, while the brackish water Lagos lagoon runs into the coastal 
water body from the west. Major activities of the rural inhabitants around the lagoon include fishing, 
farming, mining and transportation of goods and humans using engine powered boats. The area is 
characterized with two different seasons (dry and rainy seasons) which is typical of southern Nigeria 
(Adesalu and Nwanko, 2012). The main vegetation of Lekki lagoon comprise of shrubs, oil, raffia and 
coconut palms (Nwanko and Onitiri,1992). It is a major source of fishery resources in Nigeria and is 
connected by many rivers which include River Oni, River Oshun and River Saga (Famoofo and Abdul, 
2020).
Sampling procedures
Data for the current study was collected from five landing sites (Wharf, Agbalegiyo, Ebute-Oni, 
Ilumofin and Luboye) using proportional sampling which depended on the level of fishing activities. 
Sampling was carried out between January – December, 2022.  The selected fish stocks were collected 
from the local commercial fishers immediately after harvesting using various fishing gear types which 
were seine nets, gillnets, cast nets and traps. Fish identification keys (Olaosebikan and Raji, 2013) were 
used in identifying samples to species level. Fish weighed using an electronic weighing balance (MH-
999) according to Dienye et al. (2021) and subsequent estimation was done by batch-weighing.

Fig. 1: Study area showing sampling sites

Water quality parameters
Monthly assessments were conducted at each sampling site to ascertain the physico-chemical 
parameters of Lekki lagoon, both in-situ and ex-situ. A multi parameter water proof HANNA 
instrument (H19829) was used to determine temperature (0C), hydrogen ion and electrical 
conductivity (µS/cm) in-situ at the sampling sites. A Secchi disc was used to determine water 
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transparency (m). Across the five sampling locations, water samples were gathered into pre-washed 
and sterilized plastic bottles for laboratory analysis. Standard procedures were then used to analyze the 
samples for a variety of physical and chemical characteristics (APHA, 1998). The Department of 
Environmental Resources Management and Toxicology Laboratory, Federal University of Agriculture, 
Abeokuta was used for determination of parameters that could not be measured in-situ.
Statistical analyses
Summary statistics were performed using R software while multivariate analysis was done using 
Paleontological Statistics (PAST) software

RESULTS AND DISCUSSION 
Total fish landings during the study period was dominated by C. zillii and C. nigrodigitatus with 53 % 
and 45 %, respectively while E. fimbriata and E. lacerta accounted for 1 % each to the total catch 
(Figure 2). This is similar to the report of Abdul et al. (2019) on their research in Lekki Lagoon that C. 
nigrodigitatus accounted for the highest catch followed by C. zillii. In the current study however, C. 
zillii dominated in weight followed by C. nigrodigitatus. Table 1 shows that catches were higher at 
Wharf which could be as a result of more sophisticated fishing gears that were used. According to 
Odulate et al. (2014), water quality affects fish and other aquatic organisms' ability to reproduce, grow, 
survive, and produce nearly all biological and ecological products. It plays a significant role in 
determining whether or not such water is suitable for aquatic life to live in. All water quality 
parameters except temperature and pH monitored supported the claims made by UNEP and Gems 
Water Programme (2006) that water quality fluctuates in every aquatic system and cannot be 
determined by looking at just one parameter. Because water quality varies with time and space, it 
necessitates continuous observation to identify spatial patterns and changes over time (APHA, 2005; 
UNEP and Gems Water Programme, 2006). Ranges of water quality parameters monitored during the 
study (Table 2) were similar to reports of Opadokun et al. (2015). The first axis of the canonical 
correspondence analysis showed that majority of the water quality parameters had much bearing on 
the distribution of fish fauna in the lagoon. Temperature, salinity and dissolved oxygen had the most 
pronounced influence on the distribution of the fish species, this could be that fish being highly 
responsive to these environmental changes undergo remarkable changes in metabolism, growth and 
overall performance.

Table 1: Catch distribution and abundance of selected stock in Lekki lagoon
 Catch (kg)

Fish species/landing sites Whaf Ebute-Oni Agbalegiyo Ilumofin Luboye Total

Chrysichthys nigrodigitatus 53429.62 51723.42 24630.59 40512.51 45034.35 215330.49

Coptodon zillii 65192.91 64121.66 14423.27 54017.96 56591.62 65192.91

Ethmalosa fimbriata 906.12 668.04 1047.08 852.32 827.64 4301.20

Elops lacerta 686.57 362.86 249.77 741.27 707.08 2747.55
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Hint: Temp. = Temperature, Trans. = Transparency, EC=Electrical Conductivity, TA = Total 
Alkalinity, DO = Dissolved Oxygen, N = Nitrogen, P = Phosphorus
*Means with different superscript across the columns are significantly (P<0.05) different

Fig. 2: Catch composition of the selected fish species from Lekki lagoon

Table 2: Mean monthly water quality parameters of Lekki lagoon

Month Temp. (0C) Trans. (m) EC (µS/cm) pH TA (mg/L) DO (mg/L) N (mg/L) P (mg/L)
Salinity 
(‰)

Jan 28.4±0.36 5.76±1.93b 328.94±2.04c 6.36±0.36 19.06±0.83f 6.62±0.28b 0.19±0.02d 0.23±0.04b 4.47±1.25b

Feb 28.92±0.75 5.91±2.13b 350.76±43.28b 6.86±0.57 20.08±0.49f 6.94±0.17a 0.23±0.03c 0.24±0.03b 5.67±0.54a

Mar 28.44±0.37 6.12±3.07a 380.24±41.92a 6.38±0.28 20.32±1.51f 6.96±0.29a 0.21±0.03c 0.26±0.03b 6.02±0.40a

Apr 29.82±1.03 5.23±3.11c 385.68±8.20a 6.86±0.42 25.52±3.60d 6.98±0.40a 0.23±0.04c 0.25±0.05b 4.21±1.01b

May 28.80±1.33 4.46±4.40e 246.84±6.76ef 6.56±0.37 26.82±2.69d 7.60±0.42a 0.30±0.02b 0.31±0.06a 4.05±1.00b

Jun 27.22±0.83 3.69±2.52f 224.44±6.41f 6.80±0.56 32.82±5.31b 7.32±0.44a 0.29±0.04b 0.35±0.05a 2.70±0.04c

Jul 27.58±0.57 3.30±2.31f 178.32±23.10h 7.84±0.51 41.38±3.25a 7.50±0.75a 0.44±0.06a 0.37±0.04a 2.59±0.09d

Aug 28.90±1.25 3.16±0.93f 134.86±13.85g 7.78±0.60 30.94±2.26b 7.82±0.59a 0.38±0.05a 0.29±0.03b 2.57±0.12d

Sep 28.60±0.85 3.43±1.41f 131.48±1.18g 7.38±0.76 29.72±1.87c 6.96±0.50a 0.28±0.04b 0.26±0.04b 2.88±0.37c

Oct 28.72±1.11 4.15±2.97e 134.60±2.08g 6.58±0.36 29.12±3.29c 6.58±0.74b 0.33±0.08b 0.23±0.05b 3.02±0.38c

Nov 29.36±1.14 4.88±3.31d 252.20±62.94cd 6.32±0.50 23.20±2.40de 6.38±0.56b 0.23±0.04c 0.19±0.03b 3.18±0.29c

Dec 27.82±1.10a 5.35±4.08c 269.96±38.95d 6.38±0.65 21.14±1.92f 6.56±0.69b 0.21±0.04c 0.19±0.02b 3.92±0.23b

Mean±
SD

28.54±0.73 4.63±1.07 251.53±94.65 6.84±0.54 26.68±6.56 7.02±0.46 0.28±0.08 0.26±0.06 3.77±1.17
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Fig. 3: Canonical correspondence analysis (CCA) ordination diagram with the selected 4 fish species 
and 9 quantitative environmental parameters (lines). Hint: Temp= Temperature, Trans= 
Transparency, pH= Hydrogen ion concentration, EC= Electrical conductivity, DO= Dissolved 
oxygen. The four fish species are Chr.nig = Chrysichthys nigrodigitatus, Cop.zil = Coptodon zillii, 
Eth.fim= Ethmalosa fimbriata, Elo.lac= Elops lacerta.

CONCLUSION 
The physical and chemical parameters of Lekki Lagoon significantly influenced the distribution and 
abundance of fish species, more specifically, Chrysichthys nigrodigitatus and Coptodon zillii, which 
showed dominance in catches. Temperature, salinity, and dissolved oxygen are the major environmental 
factors that are critical to the distribution of the four fish species. There is need for the long-term 
monitoring of environmental variables and fish stocks in the lagoon for informed fisheries management.
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INTRODUCTION
Zooplankton represents one of the most prominent biotic components in aquatic systems and is 
diverse (Xiong et al., 2016). Freshwater zooplankton plays an important food chain role in ponds, lakes 
and reservoirs ecosystems (Manickam et al., 2015). Zooplankton occupies an intermediate position in 
the food web. Manickam et al. (2018) reported changes of zooplankton species densities as affected by 
changes in physico-chemical parameters in different seasons. Due to seasonal distribution of rainfall, 
River Rima experiences seasonal flooding which introduces a lot of detritus and pollutants from the 
land. The River presently serves as a major drainage channel receiving domestic wastes as well as 
industrial effluents from industries in the area. These interferes couples with the seasonal fluctuation 
in surface water level and have the tendency to influence the status of these parameters which may 
produce significant changes in the quality of the river water and the trophic state of an ecosystem 
(Yakubu et al., 2000). Owing these identified problems, the tendency of zooplankton to respond to 
slight changes in the physical and chemical compositions of aquatic environment has made it a veritable 

ABSTRACT 
The studies on seasonal variation of physico chemical parameters and 
zooplankton abundance of River Rima in Kwalkwalwa area of Sokoto, 
Sokoto state, Nigeria. Three sampling stations were identified as 
station A (shoreline site), B (Fishing activities. area) and C (Farming 
and irrigation site). The sampling was carried out monthly, between 
April 2019 to March 2020. The mean average of seasonal physico 
chemical parameters were, DO (4.41 mg /L), water temperature 
(27.03 0C), pH (6.83), TDS (6.0 mg/L), Turbidity (19.58 cm)), EC 
(127.05 uS/cm), phosphate (0.19mg/L) and nitrate (1.01 mg/L).  
The difference in physicochemical parameters between the three 
stations of the river was not significant except for turbidity, where 
there were significant (P<0.05) differences between stations B 
(20.39) and C (25.71). The percentage relative abundance of each 
zooplankton groups from all the seasons recorded was in the 
following order, Copepods > Rotifers > Cladocerans. This study 
revealed that the zooplankton productivity was found to be higher 
during late wet season when the nutrients accumulated from 
freshwater run-off due to rainfall in these months. The result showed 
that water quality parameters exhibited great seasonal variation and 
controlled the structure of zooplankton community in the river.

Keywords:
Ecosystems, plankton,
waterfowl, deterioration
and harvest net.
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tool in evaluating the seasonal variation of some water quality parameters and the trophic state of 
zooplankton abundance (Zhao et al., 2019).

MATERIALS AND METHODS
The study was carried out in three stations of Kwalkwalwa area of River Rima in Wamakko Local 
Government Area of Sokoto state, Nigeria. Sokoto lies between longitudes 408'E and 605'E, and 
latitudes 120N and 13058'N (Umar and Ismaila, 2017). The climate of Sokoto is tropical continental, 
with much of the rains between June and September, while the long dry season is from October and 
May (Shinkafi, 2013). Sokoto lies between longitudes 408'E and 605'E, and latitudes 120N and 
13058'N. The climate of Sokoto is tropical continental, with much of the rains between June and 
September, while the long dry season is from October and May (Umar and Ismaila, 2017).

Figure 1: Map o study area.
Source: OSGOF Drawn by GIS Lab. Department of Geography UDUS 2019

Samples and water sample collection
Sampling at the selected stations was carried out monthly, for a year. Water and zooplankton were collected from 
these sampling stations for the period of the study. Water samples were collected in one litre capacity plastic 
bottles, between 6 to 7 am, from all the   sampling locations, for a period of 12 months. The bottle was immersed 
into the river to collect water at the hypolimnion layer early in the morning. Temperature, pH and turbidity of the 
water were measured immediately at the field. Water sample collected was taken to Agrichemical laboratory 
Usmanu Danfodiyo University, Sokoto, for the determination of dissolved oxygen (DO), Conductivity, presence 

-N -F
of Total Dissolved Solids (TDS), Nitrate-Nitrogen (NO3 ) and Phosphate – Phosphorus (PO4 ) (Maishanu et 
al., 2011). The plankton and water sample were collected from the selected stations in the river for 12 months. 
Samples were collected once every month in the morning hours (6.00 A.M to7.00 A.M). 
Zooplankton collection and identification
Standard plankton net was used. It's conical in shape. A nylon material was attached to it (which is the filtering 
area of the net). The harvest net was towed vertically over the river water to collect the sample. The content 
was then transferred into 100ml plastic bottles and was fixed using 5% of formalin (10 ml), the aqueous 
solution of formaldehyde to preserve the zooplankton. The bottles were kept in cooler boxes and transported 
to the Biological science laboratory Usmanu Danfodiyo University, Sokoto, for identification. Different 
groups of zooplanktons, Rotifer, Cladocera and Copepoda were segregated and separated under a binocular 
stereo zoom dissection microscope using a fine needle and brush. Individual species of plankton was mounted 
on microscopic slides with a drop of 20% glycerin after staining with eosin and rose Bengal. The identification 
of zooplankton was made referring the standard manuals, text books and monographs (Edmondson, 1959; 
Sharma et al., 1987; Altaff, 2004). Using a compound microscope and photomicrograph with Inverted 
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Biological Microscope for quantitative zooplankton study, A sedge-wick rafter cell was used which is 50 mm 
long, 20mm wide and 1mm deep. 1 ml of zooplankton sample was transferred to the cell with a dropper. The 
air bubbles were avoided while transferring the sample to the cell. Before counting the zooplankton, it was 
ensured that all the organisms have settled down and counted under light microscope. At least 3 such counting 
was made for each group. The average values were taken of each month for one year, (i.e., during 2019-2020). 
Total number of plankton present in 1 litre of water sample was calculated (Santhanam et al., 1989) using the 
following formula:  N = n × v / V
Statistical Analysis
Seasonal-wise data were subjected to statistical analysis through one-way ANOVA in each of the 
station and subsequent post hoc multiple comparison with DMRT by adopting SPSS (v20.0). The 
different diversity indices such as, Shannon's diversity index (H'), species evenness and species 
richness were calculated using PAST (Paleontological Statistics) software package (PAST, v2.02). The 
P<0.05 were considered statistically significant by 95%.

RESULTS 
Physicochemical Parameters  
Table 2 showed the mean variations in water quality parameters in River Rima, Kwalkwalwa area during 
the study period. One-way ANOVA (posthoc test) of physicochemical parameters showed statistically 
significant differences (p < 0.05) for the physicochemical parameters.
Physicochemical Parameters for Stations.
The mean of physicochemical recorded from three sampling stations are presented in Table 3. The 
highest turbidity value of 27.91 cm was recorded on the farming and irrigation area while the lowest 
value of 20.39 cm was recorded on the undisturbed area. The difference in physicochemical 
parameters between the three stations of the river was not significant except for turbidity, where there 
was significant (P<0.05) differences between stations B (20.39) and C (25.71).
Seasonal Variation of Zooplankton Taxa Abundance.
Table 4 shows the Variation of zooplankton taxa abundance. The most occurred taxa were copepoda with 
48.39 percent to the total zooplankton abundance during the late wet season, Followed by rotifer 35.26 and 
then cladoceran 19.35.). There was significant variation in zooplankton abundance between the seasons.

Table 2: Physico-chemical characteristics of River Rima, Kwalkwalwa area during the study period
Parameters Early Wet 

Season
(Apr’ 2019-
Jun’ 2019) 

Late Wet 
Season
(Jul’ 2019-

Sep’ 2019) 

Early Dry 
Season
(Oct’ 2019-

Dec’ 2019) 

Late Dry 
Season 
(Jan’2020 Mar’ 
2020

Overall average 

WT (°C) 30.2±0.23a 25.5±1.22b 22.8±0.57c 29.63±0.59ab 27.03±0.65

pH 6.66±0.36ab 7.05±0.22a 7.08±0.08a 6.54±0.49ab 6.83±0.28

DO (mg/l) 5.01±0.26a 5.25±0.33a 3.93±0.46ab 3.45±0.40bc 4.41±0.36

EC(ìScm -1) 136.9±23.3ab 94.5±2.91b 115.83±3.35b 161±26.92a 127.05±14.12

Turb (cm) 20.33±0.11a 20±0.75a 18.66±0.6ab 19.33±0.98ab 19.58±0.61

TDS (mg/l) 6.66±0.02a 5.23±0.71b 5.89±0.94ab 6.22±1.17ab 6.0±0.71

Nitrite (mg/l) 1.05±0.49a 0.89±0.37ab 1.05±0.08a 1.08±0.41a 1.01±0.33
Phosphate (mg/l) 0.18±0.02a 0.19±0.01a 0.20±0.01a 0.20±0.01a 0.19±0.01

Each season-wise value is overall average of mean ± SD (3 stations × 3 months). Mean values within 
the same row sharing different superscript are significantly different (P<0.05). Mean values within 
the same row sharing same superscript are not statistically significant (P>0.05)
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Mean ± SD;One-way ANOVA, post-hoc,*ab values with the same letters in the column did not differ 
significantly at P<0.05

Table 4: Zooplankton taxa, abundance and percentage relative Abundance of River Rima, Kwalkwalwa 
area during the study period

Table 3: Means of the physicochemical parameters of the sampling stations

Stations

Means of Physicochemical

Temperature
(°C)

pH DO 
(mg/l)

EC
ìS/cm

Turb
(cm) 

TDS
(mg/l )               

A 27.48a 6.97a 4.81a 139.88 a 25.71ab 5.83 a 0.96 a 0.15 a

B 26.96 a 6.91a 4.75 a 121.67 a 20.39b 5.75 a 0.98a 0.19a

C 26.78 a 6.74 a 4.93 a 118.57 a 27.91 a 6.43 a 0.94 0.18

S.E 0.04 1.76 1.00 43.97 0.01 2.22 1.23 0.62

Nigrate
(mg/l)

Phosphate
(mg/l)

Family and Species Abundance (ind L-1) and Relative Abundance (%)
Early Wet 
Season
(Apr’ 2019-
Jun’ 2019) 

Late Wet 
Season
(Jul’ 2019-

Sep’ 2019) 

Early Dry Season
(Oct’ 2019-Dec’ 

2019)

Late Dry 
Season
(Jan’ 2020-

Mar’ 2020) 
Cladocera 90b (18.75%) 120a (19.35%) 50d (18.75%) 80c (19.35%)
Moina brachiate 30b (6.24%) 100a (16.12%) 20c (6.24%) 30b (3.23%)
Moina micrura 60a (12.51%) 20d (3.23%) 30c (12.51%) 50b (16.12%)
Copepod 260b (54.17%) 300a (48.39%) 190d (54.17%) 250c (48.39%)
Eucyclops speratus 100b (21.75%) 110a (17.73%) 70c (14.58%) 100b (17.83%)
Thermocyclops hyalinus 40b (9.46%) 70a (11.27%) 20d (6.25%) 30c (6.44%)

Heliodiaptomus  viduus 40b (9.46%) 50a (8.06%) 40b (10.42%) 40b (8.04%)
Mesocyclops hyalinus 50a (11.42%) 30c (4.83%) 30c (8.33%) 40b (8.04%)
Mesocyclops leuckarti 50a (11.42%) 40b (6.5%) 30c (8.33%) 40b (8.04%)
Rotifer 150b (32.26%) 200a (35.26%) 90d (27.08%) 130c (27.08%)
Filinia longiseta 60b (13.22%) 120a (20.67%) 50c (14.48%) 60b (12.5%)
Asplanchna intermedia 90a (19.04%) 80b (17.73%) 40c (12.6%) 80b (16.65%)

Each season-wise value is overall average of mean ± SD (5 stations × 3 months). 
Mean values within the same row sharing different superscript are significantly different (P<0.05).

DISCUSSION 
Similar to that of the present study, fluctuations in Physico-chemical parameters and plankton 
population density have been reported by (Ahmad et al., 2012). Physico-chemical parameters and 
quantity of nutrients in water play a significant role in the distribution patterns and species 
composition of plankton (Jose et al., 2015). In this study, higher water temperature was recorded 
during the late dry season and early wet season, which accounted for more plankton productivity. The 
natural water is generally alkaline in nature due to the presence of carbonates and bicarbonates. In this 
study, the higher pH recorded in late wet season and early dry season accounts for good primary and 
secondary productivity. The minimum DO recorded in late dry season was due to its utilization for 
decomposition of organic matter and respiration of organisms including zooplankton. An excess 
amount of TDS in water tends to disturb the ecological balance due to suffocation of aquatic fauna 
even in the presence of fair quantity of DO (Dhanasekaran,   et al., 2017). In this study, the higher TDS 
recorded during early wet season and late dry season associated with other water quality supports 

869



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

production of zooplankton. ). EC is a good indicator of the overall water quality. In the present study, 
the higher EC recorded during late dry season and early wet season supported plankton production. 
The turbidity in late wet season was significantly higher than other seasons; this could probably be due 
to improper agricultural practices and deforestation. Agricultural activities along the catchment of the 
river lead to erosion and hence high turbidity in the river from the runoff, but the water became more 
transparent (less turbid) from early dry season therefore, there was relatively equal reception of sun 
light and this could be the reason for the abundance of zooplankton in the late wet season. High 
turbidity has been reported in Birim river basin in Ghana (Ansa and Asante, 2000) and in Lake Victoria 
(Sehgal et al., 2013) due to improper agricultural activities. Conversion of land to agriculture has been 
reported as one of the drivers to deterioration of aquatic systems (e.g. Yakubu et al., 2011) in India and 
Ghana respectively.

CONCLUSION AND RECOMMENDATION 
Overall, this river was organically polluted since no significant fluctuation in species composition was 
recorded and all the species appeared in all the four seasons. However, the nutrient status of the river 
ensures plankton productivity. This case was most obvious in early wet season and late wet season. The 
effect of over fishing might have led to higher population density of zooplankton in these seasons. The 
present study also revealed that Copepod was the most dominant and diversified group of zooplankton 
in River Rima, It is concluded that abundance and distribution of species were greatly influenced by 
season as well as the physicochemical parameters. However, further studies are warranted on the 
continuous monitoring of this water body to know the future impact of climate change on distribution 
of zooplankton which can help to identify the sensitive and sentinel species to formulate the effective 
conservation strategies
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ON PROMOTING AQUACULTURE PRACTICES IN NIGERIA
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INTRODUCTION 
Fishes are most researched species of aquatic organisms and they are the only food source harvested 
from natural populations(Negi, and Sheetal, 2013). Fish are important because they contribute as 
much as 17% of the global animal protein reaching over 50 percent in several countries in Asia and 
Africa (National Research Council, 2005). The sector employs an estimated 58.5 million people in 
primary production alone – approximately 21% are women (FAO, 2022). Furthermore, fishes are 
often considered as engineers of aquatic ecosystems, not only react to physical and chemical changes in 
their environment, but they can also drive such changes and have important roles in cleansing and 
detoxifying their environment (Ostroumov, 2005). Tropical freshwater small-scale artisanal fisheries 
provide cash income and animal proteins to many people in rural and urban areas of developing 
countries (Amos and Linus, 2017). 
Fish and fisheries have been increasingly threatened by man-made induced environmental changes, 
such as pollution, clearance for farmlands and cutting of trees for firewood (deforestation), habitat 
alteration like river impoundment, poor management and over exploitation, these decrease resource 
availability, resulting in poor income generation for fishing households and community (Amos and 
Linus, 2017).

ABSTRACT 
The River Benue, one of Nigeria's major inland water bodies, 
supports a diverse array of fish species that play a crucial role in the 
local ecosystem and economy. This study aimed to review the 
biodiversity of fish species in the River Benue system. A systematic 
literature review of articles was used to carry out this research by 
synthesizing existing literature to provide a comprehensive 
understanding of the fish biodiversity in the River. Four articles were 
reviewed along the River Benue Basin up to the confluence. The 
articles covered Adamawa, Taraba, Benue and Kogi States. Twenty 
most occurring species in the catches were documented for each 
article. A total of 42 species from 17 families of fish were 
documented from the four articles reviewed. A study in Adamawa 
State, revealed Alestes baremoze and Schilbe intermedius, as two 
most abundant species. The second article on Taraba State observed 
Synodontis gambiensis, Siluranodon auratus, Mormyrus rume and 
Schilbe mystus to be the most abundant in that region.  Clarias 
gariepinus and Coptodon zilli, were observed to be the most 
abundant species from the third article on Benue State. Hyperopisus 
bebe and Citharinus citharus were the two most common species 
observed in the fourth research conducted in Kogi State at Idah town. 
Clarias gariepinus and Synodontis schall were observed to be readily 
available in all four locations reviewed. Further research on the 
domestication of these freshwater species in the River Benue system 
is recommended for more species diversity in our aquaculture sector 
to boost fish production. 

Keywords
River Benue, inland
water bodies, fish species,
biodiversity, ecosystem.
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The population of fishes in tropical water bodies experience fluctuations due to factors such as food 
composition and availability, spawning rate and changes in environmental factors (Ipinmoroti 2013; 
Rodrigues and Cunha 2017). Welcomme (2001)  identified fishing, pollution and eutrophication among 
others as factors that could bring about series of changes in fish size, species composition and abundance in 
the aquatic environment. Over the past few decades, fish resources decreased dramatically, and endemic 
species have faced continuous threats globally(Guo et al., 2018). It is a known fact that Overfishing, water 
diversion, pollution, global climate change, land erosion and other anthropogenic activities are considered 
as the main threats to fish biodiversity (Arthington et al., 2016; Fu, 2003).
The Benue River basin has undergone several changes caused by deforestation, overgrazing and land use 
change. For in- stance, deforestation for the purpose of large-scale agriculture which entails the cutting down 
of deep-rooted trees increases surface runoff. Intensification of agricultural practices on wetlands (which are 
floodplains) popularly known as Fadama has played a strong role in modifying the flow regime in the 
ecosystem. The Fadama ecosystem in Nigeria is very vast and rich in nutrients for cultivating crops like rice, 
sugarcane, and vegetables. As such, farmers usually are attracted to the area (Mayomi et al., 2013).
Therefore, the conservation of fish biodiversity has become more imperative and of utmost 
importance. The biodiversity of fish species in the river Benue plays a crucial in the development of 
aquaculture in the country. Local species of fish can easily be cultured and monitored because these 
species have adapted to various environmental challenges in its natural habitat. Thus aquaculture can 
be more viable when local species are cultivated to boost inland fish production. This study will help in 
highlighting the abundant fish species available. Also, identify suitable local species of fish that can be 
cultured to increase aquaculture productivity.

MATERIALS AND METHODS
River Benue is an international river flowing into Nigeria, originating from the highlands of northern 
Cameroon (Toro, 1997). Only 350 km of the entire 1400 km length of River Benue is within the 
Cameroon territory. The river runs for about 950 km from the border to the confluence with River Niger 
at Lokoja, Kogi State. River Benue has two major hydrological water provinces in Nigeria - the Upper 
Benue and the Lower Benue. In Nigeria, River Benue is fed by tributaries from the two water provinces. 
Some of the major tributaries are Rivers Gongola, Kilunga, Mayo Ini, Mayo Belwa, Taraba, Donga, Ankwe 
and Katsina-Ala (FMWR, 1994). These rivers flow into the Benue before joining River Niger at Lokoja. 
A systematic literature review of articles was used to carry out this research.
The search engine 'Bing and Google Scholar' were used to browse the net for articles relating to the 
study. Keywords such as Articles, Biodiversity,River Benue,River Kogi Fish and Aquaculture, aided in 
streamlining the research articles acquired. A number of 18 articles were acquired from the net. 
Articles further were categorized based on location of study. Randomized sampling was used select 
four articles representing Four states (Adamawa, Taraba Benue and Kogi) which the river Benue flows 
through. inclusion criteria include articles must directly address or contribute to answering the 
research question or objective of the review, articles and journals published from the year 2014 till 
date, peer- reviewed articles published in reputable journals and articles reported in English language
Exclusion criteria includes articles published in languages other than English, articles published before 
the the year 2014, unpublished articles and research articles that were not carried out in the River 
Benue region in Nigeria and do not contribute to the objectives of the research.

RESULTS AND DISCUSSION
The river Benue is rich in various species of fresh water fishes comprising of multiple families. Four 
studies which were conducted along the River Benue Basin up to the confluence in Kogi State. Twenty 
most abundant fish species identified out of a total of a 42 species from 17 families of fin-fish 
encountered.
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Table i: 20 most abundant fish species Compiled from from four Articles (Modibbo, 2022; Danba, 
2020; Iber and Ojutiku, 2018; Abiodun and John, 2017).

S/N River Benue Valley, Adamawa State Riverine wetlands Mayo Ranewo,Taraba 
State

River Fete  Benue State Confluence, Kogi State

Species percent Species percent Species percent Species percen
t

1 Alestes baremoze 9.24% Synodontis gambiensis 11.77% Coptodon zilli
5.22%

Hyperopisus bebe 13.25
%

2 Schilbe intermedius 9.12% Siluranodon auratus 10.32% Heterotis niloticus
5.16%

Citharinus citharinus 11.84
%

3 Hydrocynus forskali 8.26% Mormyrus rume 9.45% Auchenoglanis biscutatus 5.09% Distichodontus rostratus 9.82%

4 Oreochromis niloticus 8.22% Schilbe mystus 8.91% Tilapia guntheri 5.09% Clarias garienpinus 9.13%
5 Synodontis schall 7.76% Labeo senegalensis 7.38% Mormyrus rume 5.05% Alestes baremoze 5.87%
6 Schilbe mystus 7.28% Synodontis clarias 5.43% Oreochromis niloticus 5.05% Lates niloticus 5.48%
7 Labeo coubie 6.81% Distichodontus rostratus 4.89% Mormyrops deliciosus 5.04% Alestes nurse 5.06%
8 Barbus macrops 6.37% Bagrus bayad 4.72% Sarotherodon galilaeus 5.04% Synodontis nigritta 4.98%
9 Clarias gariepinus 6.10% Petrocephalus bane 4.60% Hemichromis faciatus

5.03%
Oreochromis niloticus

3.67%

10 Mormyrus rume 5.68% Auchenoglanis occidentalis 4.23% Bagrus bayad 5.02% Schilbe mystus 3.55%
11 Synodontis budgetti 5.11% Mormyrus macrophthalmus 4.23% Bagrus decimac

5.00%
Synodontis 
membranaceus

3.41%

12 Synodontis nigritta 4.85% Clarias garienpinus 4.19% Petrocephalus bovei 5.00% Coptodon zilli 3.29%
13 Clarias angullaris 4.82% Marcuseniusa badii 4.06% Clarotes laticeps 4.99% Protopterus annectens 3.11%
14 Mercusenius senegalensis 4.16% Alestes nurse 3.52% Synodontis nigritta 4.98% Clarias angullaris 2.92%
15 Auchenoglanis 

occidentalis
1.84% Synodontis schall 2.74% Gymnarchus niloticus

4.96%
Mormyrops deliciosus

2.84%

16 Heterotis niloticus 1.21% Hyperopisus bebe 2.20% Clarias angullaris 4.93% Heterotis niloticus 2.84%
17 Bagrus bayad 1.11% Clarotes laticeps 2.03% Clarias garienpinus 4.90% Synodontis gambiensis 2.40%
18 Auchenoglanis biscutatus 0.97% Synodontis membranaceus 1.95% Alestes nurse 4.82% Channa Obcura 2.32%
19 Citharinus citharinus 0.62% Alestes baremoze 1.74% Synodontis schall 4.82% Synodontis schall 2.22%
20 Sarotherodon galilaeus 0.48% Coptodon zilli 1.66% Citharinus citharus

4.80%
Labeo Senegalensis 2.00%

Table i highlights 20 most abundant fishes captured during the research in each article reviewed. 

The first article (Modibbo, 2022) conducted its study in River Benue Valley Adamawa State, at five 
locations namely;Kochiel, Parda, Gongola/Benue Gwakra and Wuro-Bokki.  Table i highlights 20 most 
abundant fishes captured during the research, Alestes baremoze, Schilbe intermedius, Hydrocynus 
forskali, Oreochromis niloticus and Synodontis schall were observed to be the five most abundant 
species respectively. The second study (Danba, 2020) was conducted in the Riverine wetlands  of 
Mayo Ranewo Taraba State, Mayo Ranewo Local government area. In this article, Synodontis 
gambiensis, Siluranodon auratus, Mormyrus rume, Schilbe mystus, Labeo senegalensis had the highest 
population respectively. The third study (Iber and Ojutiku, 2018) was conducted in River Fete Benue 
state, 20 most abundant species were extracted from the research where by Clarias garienpinus, 
Coptodon zilli, and Oreochromis niloticus were observed to be the most abundant species. The fourth 
article (Abiodun and John, 2017) carried out its research in Lower Niger river Idah Kogi state. Table i 
highlights 20 most abundant fishes captured during the research in each article reviewed. Hyperopisus 
bebe, Citharinus citharus, Distichodontus rostratus, Clarias garienpinus and Alestes baremoze were 
the five most populated fish species.
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Two fish species as observed in table ii (highlighted in red) namely; Clarias gariepinus and Synodontis 
schall were discovered to be readily available in all four articles reviewed in this study. Synodontis 
schall has been reported to be able to adapt to many different kinds of food and habitats, increasing the 
chances of survival (Abu-Gideiri and Nasr, 1973).  Clarias gariepinus has only been documented for 
being the most cultivated fish specie in Nigeria, although it was endemic to Africa, commercial culture 
of this catfish only started in the early 1970s (Beveridge and Haylor, 1998)).  The findings of this 
review aligns with the report that Clarias gariepinus has all the qualities of an aggressive and successful 
invasive species. Its high fecundity, flexible phenotype, rapid growth, wide habitat preferences, 
tolerance to extreme water conditions and the ability to subsist on a wide variety of prey can devastate 
indigenous fish and aquatic invertebrate populations (Bruton, 1986).
Nine species (table ii: highlighted in green) were readily available at the confluence in Kogi and two of  
three articles conducted along River Benue Basin in Nigeria. These species were Alestes baremoze, 
Schilbe mystus, Alestes nurse, Clarotes laticeps, Synodontis nigritta,Coptodon zilli, Clarias angullaris, 

S/N
 

Class 
 

Order Family Species
River Benue Valley 
Adamawa

Riverine wetlands 
Mayo Ranewo, 
Taraba

River Fete 
Benue

Confluence   Kogi 
State

1.
  

Actinopterygii Characiformes Alestidae Alestes baremoze + + - +

2. Hydrocynus forskali + - - -

3. Characidae Alestes nurse - + + +

4. Siluriformes Bagridae Bagrus bayad + + + -

5. Bagrus docmak - - + -

6. Claridae Clarias angullaris + - + +

7. Clarias gariepinus + + + +

8. Clarotidae Auchenoglanis occidentalis + + - -

9. Auchenoglanis biscutatus + - + -

10. Clarotes laticeps - + + -

11. Mochochidae Synodontis budgetti + - - -

12. Synodontis clarias - + - -

13. Synodontis schall + + + +

14. Synodontis gambiensis - + - +

15. Synodontis membranaceus - + - +

16. Synodontis nigritta + - + +

17. Schilbeidae Schilbe intermedius + - - -

18. Schilbe mystus + + - +

19. Siluranodon auratus - + - -

20. Perciformes Centropomidae Lates niloticus - - - +

21. Cichliformes Cichlidae Oreochromis niloticus + - + +

22. Sarotherodon galilaeus + - + -

23. Coptodon zilli - + + +

24. Tilapia guntheri - - + -

25. Hemichromis faciatus - - + -

26. Osteoglossiformes Gymnarchidae Gymnarchus niloticus - - + -

27. Osteoglossidae Heterotis niloticus + - + +

28. Mormyridae Mormyrus rume + + + -

29. Mercusenius senegalensis + - - -

30. Hyperopisus bebe - + - +

31. Petrocephalus bane - + - -

32. Mormyrus macrothalmus - + - -

33. Marcusenius abadii - + - -

34. Petrocephalus bovei - - + -

35. Mormyrops deliciosus - - + +

36. Cypriniformes Cyprinidae Labeo coubie + - - -

37. Barbus macrops + - - -

38. Labeo senegalensis - + - +

39. Anabantiformes Channidae Channa obcura - - - +

40. Characiformes Distichodontidae Distichodontus rostratus - + - +

41. Citharinidae Citharinus citharus + - + +

42. Dipnoi Ceratodontiformes Lepidosirenidae Protopterus annectens - - - +

Legend: 
+ =  Dominant specie present  - =   Dominant specie absent = Dominant in Kogi and 2 of 3 studies at River Benue   = Dominant in all 3 studies at river Benue 
excluding Kogi

= Dominant in all four for articles (river Benue and Kogi)

Table ii: 20 most abundant fish species across four articles conducted at Adamawa, Taraba, Benue and Kogi 
State respectively (Modibbo, 2022; Danba, 2020; Iber and Ojutiku, 2018; Abiodun and John, 2017). 
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Heterotis niloticus and Citharinus citharus.
Two fish species namely; Mormyrus rume and Bagrus bayad as observed in table ii (highlighted in 
yellow) were found to be readily available in all three article research conducted in the river Benue 
Basin but were not readily available at the confluence in Kogi.
A study (Nhan et al., 2007) postulates that, habitat heterogeneity and fragmentation, land use change, 
climate change, eutrophication and invasive species are the most prevalent driving factors in 
freshwater biodiversity studies. Fish species (highlighted in table ii) were observed to be readily 
available in at least three of four articles reviewed for this study, signifying that these species have good 
adaptive, locomotive and reproductive ability to withstand factors influencing biodiversity. These 
characteristics make them suitable for aquaculture production.
The Order Siluriformes (Catfish) was the most diverse in this study. Families of this order such as 
Claridae, Clarotidae, Mochochidae and Schilbeidae can be further studied to improve inter- species 
polyculture in the country.

CONCLUSION.
The Anthropocene has brought numerous threats to freshwater systems including rapid population 
decline and high risk extinction of local species.  Freshwater habitats offer highly valuable ecosystems 
services to nature and human beings. Therefore, it is paramount for a fast growing population of the 
country to improve aquaculture yield to meet demand. Culture of local species can be  engineered to 
meet the protein demand of the populace, provide farmers with variety of local species for 
aquaculture, regulate overfishing and human influence to preserve biodiversity of aquatic species and 
its habitat.
In Nigeria, the most cultivated fish family for aquaculture purposes is Claridea due to its good adaptive 
features to environmental change and growth rate. Therefore, more research into the adaptive features 
of the many identified freshwater finfish species is encouraged for possible domestication. 
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INTRODUCTION
Water quality assessment is among the most important approaches for understanding the 
environmental status of rivers and streams (Begum et al., 2023). One of the key challenges in managing 
water utility in industries is the disposal of wastewater. The discharge of industrial effluents into water 
bodies can cause pollution, leading to severe environmental and health consequences (Tong et al., 
2022). Industrial wastewater is a major environmental concern due to its high pollutant load and 
potential impacts on water quality and public health (Mekuria et al., 2021).
The healthy aquatic ecosystem is depended on the physic-chemical and biological characteristics of 
water bodies (Enerosisor et al., 2020). The distribution and productivity levels of organisms in any 
water body are largely determined by physic-chemical parameters (Kennie et al., 2017). Zooplankton 

ABSTRACT
The physico-chemical parameters and zooplankton samples of Agur 
Stream were examined between November 2020 and February 
2021. Standard analytical methods were used to analyze the Physico-
chemical parameters and zooplankton samples collected from Agur 
stream. Physico-chemical parameters of the stream were all found to 
be within optimal range according to WHO which indicates that 
water of Agur stream is convenient for the growth of aquatic 
organisms and also for domestic purposes. The overall mean of Water 
temperature (29.21±0.76 0C), Transparency (47.74±6.24 cm), pH 
(6.63±0.08), Dissolved oxygen (5.44±0.20 mgL-1), BOD 
(4.15±0.25 mgL-1), Free carbon dioxide (6.93±0.62 mgL-1), Total 
alkalinity (16.50±0.85 mgL-1), Total hardness (7.19±0.40 mgL-1) 
and Conductivity (4.30±0.21 µScm-1). A total of 317 zooplankton 
samples were identified using identification key and recorded within 
the study period. Zooplankton samples were collected by filtering 
100 litres of water fetched with a bucket and poured through a 55µm 
mesh plankton net. The samples were immediately fixed in 4% 
formalin and transported to the laboratory for analysis.  In the 
laboratory, concentrated plankton were viewed under a binocular 
dissecting microscope. Zooplankton individuals belonging to (6) six 
taxonomic groups were also identified during the study. The groups 
represented were Rotifera (39.12 %), Cladocera (36.28 %), 
Copepoda (8.83 %), Cilliata (5.36 %), Ostracoda (5.68 %), and 
Decapoda (4.73 %). Ecological indices revealed that physico-
chemical and plankton assemblages were diversified and stable. The 
high number of zooplankton species recorded in this study may be 
due to available nutrients.

Keywords:
Physico-chemical parameter,
Diversity, zooplankton,
Agur Stream 
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consist of mainly microscopic organisms such as protists, rotifers, copepods, and cladocerans. These 
organisms are indicators and fast responders to environmental stressors such as nutrients and 
pesticides accumulation (Pawlowski et al., 2016); (Xiong et al., 2019). Zooplankton contribute to the 
biodiversity of aquatic ecosystems. Thus, the assessment of factors that affect the distribution of 
zooplankton is necessary because zooplankton are widely accepted and irreplaceable bioindicators in 
the ecological conservation and management of aquatic ecosystems (Xiong et al., 2020.
There is paucity of information on the biology of Agur stream. Therefore, the aim of this research is to 
provide information on the physico-chemical parameters and zooplankton abundance of Agur Stream.

MATERIALS AND METHODS
Study Area
The study was carried out in Agur Stream in Mbawa of Guma Local Government Area of Benue State. 
Agur Stream is along Makurdi to Lafia road near Daudu Market in Mbawa. The study area is located 
between longitudes 80 35 and 80 04 East and latitudes 70 45 and 70 55 North (Figure 1). Agur stream 
starts its origin at Goma in Guma Local Government Area of Benue state and flows through Mbawa of the 
same local government. The water is used for agriculture, human consumption and domestic purposes.

Figure 1: Map of Study Area

Water Sample Collection
Water samples were taken from three different stations along Agur Stream, designated as stations A, B, 
and C, with a 30-meter interval between each station. Water sample was collected on a monthly basis 
between 08:00 – 10:00 hours from each sampling station in 1 litre plastic containers and 250ml reagent 
bottles. Prior to sampling the plastic containers were washed with tap water and later rinsed with 10% 
nitric acid 24 hours before use to remove contaminants which may affect the values of the physico-
chemical parameters that will be evaluated (APHA et al., 1998). The three reagent bottles per site 
were immersed at the water surface, middle and bottom at a depth of 3m and filled to capacity, 
brought out of water and properly corked.
Zooplankton Sampling
Sampling of planktons was carried out in the morning between the hours of 06:00am-08:00am using 
plankton nets or traps. It has a polyethylene filter of 55 µm mesh size and a graduated measuring bottle 
attached to the other end. A handle holds the net. Plankton samples were collected at each site by 
filtering 100 litres of surface water samples fetched with a bucket and poured through 55 µm mesh 
plankton net. The samples were collected in 250 mL bottles then immediately fixed and preserved in 
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4% buffered formalin solution in the field. In the laboratory, the preserved plankton samples were 
allowed to settle down and 5 mL of the sample was withdrawn with a dropping pipette (to place the 
concentrated plankton) on a glass slide, covered with a cover slip and viewed under a binocular 
dissecting microscope. Specimens were sorted and dissected where necessary under a binocular 
dissecting microscope (American Optical Corporation, Model 570), while counting and 
identifications were done with an Olympus Vanox Research Microscope (mag X60) Model 230485. 
Identification was done using standard keys (APHA, 1995)
Determination of Physico-Chemical Parameters
Temperature was determined in situ by using a PHT-027 Multi-parameter water quality checker. 
Transparency was measured by the Secchi disc method. 
Dissolved oxygen and Biological oxygen demand were determined in situ using dissolved oxygen meter 
(Lutron model: DO-5509). Free carbon-oxide, alkalinity and total hardness were determined by using 
a freshwater aquaculture test kit (MODEL AQ-2). Hydrogen ion concentration (pH) was determined 
by using a PHT-027 Multi-parameter water quality monitor. 
Conductivity was determined using a multipurpose electronic Jenway 4520 conductivity meter. 
Determination of Zooplankton Abundance and Diversity of Agur stream
(i) Shannon-Wiener Diversity Index (H’): This measures faunal diversity and gives the degree of 
uncertainty involved in predicting the species identified from randomly selected individuals. It was 
calculated using the following equation as repored by Magurran (2004):

Where: 
ni = number of individuals or quantity of each species (the ith species) 
N = total number of individuals for the site
(ii)  Simpson's Index (D): is a measure of dominance and was calculated using the formula of Simpson (1949): 

Where:
ni = number of individuals or amount of each species (i.e., the number of individuals of the ith species) 
and 
N = total number of individuals for the site.
This was then transformed into a measure of species heterogeneity using the complement of D as 
recommended by Lande (1996): 1 - D

RESULT
Physical and Chemical Parameter of Water Samples of Agur Stream
Physical and chemical parameter of water samples from the three stations in Agur Stream are 
presented in (Table 1),
The mean water temperature was 29.21±0.76 0C. The highest average temperature value of (29.38 
0C) was recorded in station B, while the lowest average temperature value of (29.02 0C) was recorded 
in station A (Table 1). There were significant difference (p<0.05) in water temperature observed 
across the three stations.
The mean Transparency was 47.74±6.24 cm. Transparency value of (62.55 cm) was highest at Station 
A, while lowest value of (35.77 cm) was recorded in Station C (Table 1). There were significant 
difference (p<0.05) in transparency observed across the stations.
The mean water pH was 6.63±0.08. The maximum average value of pH (6.92) was recorded in station B, 
while the minimum pH value of (6.40) was recorded in station C. Slightly acidic pH was recorded for all 
stations (Table 1). There were significant difference (p<0.05) in pH observed in the three stations.

H1 = -? [(   )  ln(   )]ni
N

x
ni
N

D =
ni(ni - 1)
N(N - 1)
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The mean Dissolved oxygen value was 5.44±0.20 mgL-1. There was a distinct seasonal pattern but 
there was spatial variation in the oxygen concentration of the lake. The maximum dissolved oxygen 
value (5.78 mgL-1) was recorded in station A, while minimum dissolved oxygen value observed was 
(4.95 mgL-1) station C (Table 1). There were significant difference (p<0.05) in Dissolved oxygen 
concentration observed in the stations
The mean Biological oxygen demand value was 4.15±0.25 mgL-1. The highest Biological oxygen 
demand value of (4.38 mgL-1) was recorded in Station B, while the lowest value of (3.92 mgL-1) was 
recorded in Station C (Table 1). There were no significant difference (p>0.05) in Biological oxygen 
demand observed in the three stations.
The mean Free carbon-dioxide value was 6.93±0.62 mgL-1. The highest value of (8.53 mgL-1) was 
recorded in Station C. The lowest value of (5.95 mgL-1) was recorded in Station B (Table 1). There 
were significant difference (p<0.05) in free carbon-dioxide observed across the stations
The mean Total alkalinity was 16.50±0.85 mgL-1. The maximum average alkalinity value of (17.75 mgL-
1) was highest at station C, while the minimum alkalinity value of (16.25 mgL-1) was recorded at station A 
(Table 1). There were significant difference (p<0.05) in Total alkalinity observed amongst the stations.
The mean Hardness value was 7.19±0.40 mgL-1. Maximum hardness value of (7.75  mgL-1) was 
observed in Station A, while Minimum value of (6.15 mgL-1) was observed in Station B (Table 1). 
There were significant difference (p<0.05) in Hardness concentration observed in the stations.
The mean Conductivity was 4.30±0.21 uScm-1 The highest conductivity value of (4.80 uScm-1) was 
recorded in Station C, while the lowest value of (3.96 uScm-1) was recorded in Station B (Table 1). 
There were significant difference (p<0.05) in conductivity observed in the stations

Table 1. Water quality parameters of Agur Stream

Station A Station B Station C Overall Mean

Parameters Mean±SE Mean±SE Mean±SE Mean±SE
Water temperature( 0C) 29.02 ± 1.35a 29.38 ± 1.51a 29.23 ± 1.32a 29.21±0.76 

Transparency (cm) 62.55 ± 13.1c 44.90 ± 6.06b 35.77 ± 7.75a 47.74±6.24 

pH 6.55 ± 0.09a 6.92 ± 0.07b 6.40 ± 0.04a 6.63±0.08
Dissolved oxygen (mgL-1) 5.78 ± 0.41b 5.60 ± 0.15b 4.95 ± 0.28a 5.44±0.20

Biological  oxygen demand (mgL-1) 4.15 ± 0.61a 4.38 ± 0.06a 3.92 ± 0.44a 4.15±0.25

Free carbon dioxide (mgL-1) 6.30 ± 1.00a 5.95 ± 0.65a 8.53 ± 1.08b 6.93±0.62

Total alkalinity (mgl-1) 16.25 ± 31.3b 17.00 ± 1.66a 17.75 ± 1.30a 16.50±0.85

Hardness (ppm) 7.75 ± 0.25b 6.15 ± 0.98a 7.68 ± 0.23b 7.19±0.40
Conductivity(ìScm-1) 4.15 ± 0.35a 3.96 ± 0.44a 4.80 ± 0.11b 4.30±0.21

Mean values with different superscript within rows differed significantly (p<0.05)

In terms of zooplankton diversity index, the highest value of Shannon-Wiener Index (2.72) was 
recorded in station C, while lowest (2.70) value was recorded in station B (Table 2). The Simpson's 
index of dominance (D) for zooplankton were (0.93) amongst the stations (Table 2).
Table 2: Zooplankton Diversity Indices of Agur Stream

Indices Station A Station B Station C

Shannon-Wiener diversity index (H’)                   2.68                       2.70                  2.72
Simpson’s Index (D)                                                0.93                       0.93                  0.93

Zooplankton abundance from Agur stream
The results of this study showed that (317) zooplankton species belonging to 6 families were recorded 
in the stream. These comprised of 102, 112, and 103 individual specimens at station A, station B, and 
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station C respectively.
The most abundant familes sampled were Rotifera (39.12 %), Cladocera (36.28 %), Copepoda (8.83 
%), Cilliata (5.36 %), Ostracoda (5.68 %), and Decapoda (4.73%).
Table 3 shows Zooplankton species from the three stations in Agur Stream

Table 3: Zooplankton species from the three stations in Agur Stream

 Station A Station B Station C Over all Mean
Species Mean±SE Mean±SE Mean±SE Mean±SE
Rotifera 

Aplanchna spp 1.75±0.48b 0.50±0.40a 1.50±0.50a 3.75±1.03
Branchionus spp 2.25±0.75a 1.50±0.65b 2.00±0.41a 5.75±1.18
Filinia spp 0.25±0.25b 1.76±0.48b 1.75±1.11a 3.75±1.80
Keratella spp 1.75±1.44a 2.00±0.82a 2.25±0.75a 6.00±2.86
Lechane spp 2.13±0.85a 2.25±0.48a 2.00±0.41a 6.50±0.65
Testidunella spp 2.00±0.41a 2.00±0.71a 1.25±0.48a 5.25±0.63
Cladocera
Chydorus spp 1.25±0.25b 2.00±0.91a 1.00±0.41a 4.25±1.03
Cyclops spp 2.75±0.25a 2.50±0.87a 1.25±0.25a 6.50±0.50
Daphnia spp 2.25±0.95a 2.25±1.31a 2.00±0.41b 6.50±2.53
Nauplius spp 1.50±0.29a 3.00±0.91a 0.75±0.25a 5.25±0.95
Simocephalus Spp 2.00±0.58b 2.25±0.25b 2.00±0.58b 6.25±1.03
Copepoda
Diaptonus spp 1.75±0.48b 1.25±0.95a 1.00±0.03a 4.00±1.41
Metacylopss Spp 0.75±0.48a 1.20±0.63a 1.00±0.41a 3.00±o.82
Ostracoda
Cypridopsus spp 1.25±0.75b 1.75±0.48a 1.50±0.87a 4.50±1.55
Decapoda
Peneaus spp 1.00±0.58b 1.00±0.71a 1.75±0.63a 3.75±1.03
Cilita
Paramecium spp 0.75±0.57a 0.75±0.48a 2.75±1.11a 4.25±2.10

Mean values with different superscript within rows differed significantly (p<0.05)

Zooplankton species from the three stations in Agur Stream
Rotifera sample from Agur Stream
The mean for Asplanchna spp was 3.75±1.03. The maximum average value for Asplanchna spp (1.75) 
was highest at station A, while the minimum Asplanchna spp value of (0.50) was recorded at station B 
(Table 3). There were significant difference (p<0.05) in Asplanchna spp observed in the stations. The 
mean for Branchionus spp was 5.75±1.18. The maximum average Branchionus spp value of (2.25) was 
highest at station A, while the minimum Branchionus spp value of (1.50) was recorded at station A 
(Table 3). There were significant difference (p<0.05) in Branchionus spp observed across the stations.
The mean for Filinia spp was 3.75±1.80. The maximum average Filinia spp value of (1.76) was highest 
at station B, while the minimum Filinia spp value of (0.25) was recorded at station A (Table 3). There 
were no significant difference (p>0.05) in Filinia spp observed amongst the stations.
The mean for Keratella spp was 6.00±2.861. The maximum average Keratella spp value of (2.25) was 
highest at station C, while the minimum Keratella spp value of (1.75) was recorded at station A (Table 
3). There were no significant difference (p>0.05) in Keratella spp observed amongst the stations.
Lechane spp ranged between 8.00-43.00. The mean for  was 6.50±0.65. The maximum average 
Lechane spp value of (2.25) was highest at station B, while the minimum Lechane spp value of (2.00) 
was recorded at station C (Table 3). There were no significant difference (p>0.05) in Lechane spp 
observed across the stations.
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DISCUSSION
It was observed that physico-chemical parameters of Agur Stream were within the recommended 
range for most aquatic organisms. In the present study, High water temperature could be due to high 
atmospheric temperature and high sun intensity (Medudhula et al., 2012). Low water temperature is 
due to the cool dry North East trade wind effect (Waziri et al., 2015).
In Agur Stream, transparency was measured with a secchi disc which had a mean range of 35.77 – 
62.55 across the stations which is a good indication for aquatic organisms to inhabit. According to 
Enerosisor et al., (2020), transparency is higher in the absence of surface run-offs. 
In the present study, Oxygen concentration was high especially during the day as a result of the 
abundant oxygen contributed by absorption directly from the atmosphere or by aquatic plants during 
photosynthetic activity, which contributed in oxygenating the water column. Low dissolved oxygen 
could be due respiration by aquatic organisms and nutrient input from sewage and industrial 
discharges, agricultural and urban run-off often leads to excessive algal growth; when they die, the 
organic matter is decomposed by bacteria, a process which consumes oxygen that could lead to oxygen 
depletion (Jadhav et al., 2013).
The mean Biological Oxygen Demand observed in all the stations ranged between 3.63 – 4.87 mg/l. 
Unpolluted and natural waters will have a BOD of 5mg/l or less. The BOD value in Agur Stream was 
below 7.0 mg L-1, the values recommended by World Health Organization.
Carbondioxide increases when organic wastes reduce the oxygen available, making it difficult for fish 
to use the limited amount of oxygen present. The CO2 recorded in this study was within the 
acceptable limit of <10 ppm that is not harmful to aquatic organisms (Ikongbeh et al., 2014). 
Conductivity gives an indication of the amount of total dissolved solids in water. Conductivity range 
3.20 – 4.98 µS/cm recorded in this study is below the permissible range when compared with the 
WHO guideline of 400-600 uScm-1 (Zaigham et al. 2012).
According to WHO normal range of pH for water is 6.5-8.5 (Zaigham et al. 2012). The range of value 
recorded for pH in Agur stream fall within the range recommended by the World Health Organization for 
the culture of fish.  The high alkalinity recorded in in the study could be as a result of decay process of 
organic materials that settle at the bottom of the river. The range of alkalinity recorded in the present study 
was lower than that reported in Ado-Ekiti Reservoir in Southwest region of Nigeria (Idowu et al., 2013). 
The high values of total hardness may be due to the addition of calcium and magnesium salts. The 
increase in hardness can be attributed to the decrease in water volume and increase in the rate of 
evaporation at high temperature (Imaobong et al. 2012) .
The zooplankton assemblage of Agur Stream is attributed to several biotic and abiotic factors such as 
temperature, transparency, and nutrient and food availability interacting together. This agrees with 
Enerosisor et al., (2020) who stated that the distribution and diversity of zooplankton in aquatic 
ecosystem depends mainly on the physico-chemical properties of water.
The relative predominance of Cyclops sp, Lechane spp and Daphnia spp among other species could 
have arisen due to their large body size which enable them to graze on large quantity and diverse forms 
of phytoplankton. (Arazu and Ogbeibu, 2017). The genus Peneaus and Paramecium were found in low 
numbers. This could be due to flowing nature of the stream and low organic composition. Sixteen (16) 
zooplankton species from six (6) families were identified from Agur Stream. Agur Stream has high 
abundance and diversity of zooplankton. 
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INTRODUCTION
One of the most pressing environmental challenges in the Niger Delta Region (NDR) is the 
degradation of the mangrove ecosystems by crude oil spills. The NDR mangroves provide essential 
ecosystem services, including shoreline stabilization, carbon sequestration (Sam et al., 2023, Hamilton 
and Fries, 2018), and critical habitats for the breeding and nursery of commercial fishes, among other 
ecosystem services. It is believed that 60% of wild fish harvested between the Gulf of Guinea breed in 
the Niger Delta's mangroves (Sam et al., 2023). Globally, 37% of oil impact on mangroves had occurred 
in the Niger Delta, including over 4000 ha in Ogoniland (Duke, 2016). The Hydrocarbon Pollution 
Remediation Project (HYPREP) was established to remediate oil-impacted environments in 
Ogoniland and other communities and restore livelihoods. HYPREP's remediation now include 
mangrove restoration and shoreline cleanup of about 2000 ha of oil-degraded shores of Ogoniland and 
the pilot restoration of mangroves of 560 ha of naturally attenuated oil-degraded mangrove areas in the 
Bomu Creek. Before the mangrove rehabilitation through assisted planting, there was a need to 
establish the fish stock baseline of the Bomu Creek to enable the future assessment of the return of 
ecosystem goods and services, including fisheries enhancement. 
 The objective of this study was to establish a pre-restoration fin fish baseline that will serve as 
reference data for comparing post-planting fish stocks in Ogoniland. 

ABSTRACT
The study aimed to determine the habitat use of three Stations that 
would measure the effectiveness of the Hydrocarbon Pollution 
Remediation Project pilot mangrove rehabilitation project in 
attracting fish to the shorelines of Ogoni. Fishing nets of 35mm were 
used to capture fish from 3 Stations (November 2023 - February 
2024). A total of 908 individual specimens belonging to 13 families 
and 19 finfish species were captured. The shellfish sampled 
comprised three families and three species. The diversity indices 
offered valuable insights into the creek's condition, particularly 
regarding species richness and distribution evenness. Specifically, 
station 3 had the highest Margalef's, Shannon-Weiner, and Simpson 
indices, suggesting the greatest species richness and well-balanced 
distribution of individuals among species. The highest relative fish 
richness and abundance were recorded on the tidal flat with high 
mangrove nursery seedlings and dissected by a deeper channel.

Keywords:
Baseline study, Bomu Creek,
mangrove restoration,
species richness
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MATERIAL AND METHODS
Study Area: Bomu is a coastal community in the Gokana LGA of Rivers State, where HYPREP is 
piloting mangrove restoration of 560 ha of oil-degraded mangroves.  It involves assisted planting of the 
common red, black, and white species in the region.   
For the study, three sampling stations were delineated (Fig. 1). Station 1 consisted of a dense bed of red 
mangrove saplings raised in the nursery. These were not transplanted until they developed prop roots in 
the poly-pots and became established. Station 2 was a mangrove nursery site with thousands of plants 
still in black poly-pots for transplanting. The shorelines of Station 3 comprised of sparsely distributed 
mangroves that regenerated naturally after the crude oil pollution. 

Collection of Samples: Fish samples were obtained from (November 2023 to February 2024) from the 
three delineated Stations (Fig. 1, Plate 1) in Bomu Creek using a 35mm mesh-size synthetic fishing net 
set during high tide at 2:00 a.m. in each station and the stations demarcated. The entrapped fish were 
caught using indigenous methods for local fisher folk. Data analysis: The number of species and 
individuals were recorded. A chi-square test was performed to determine if there was a significant 
difference in the fish counts between the stations. For each Station, the following were determined: 
Species richness, diversity, and evenness were calculated using the Margalef, Shannon-Weiner, and 
Simpson indices, respectively.

Fig. 1. Study location showing sampling locations                        Plate. 1 Fish identification in the field 

RESULTS AND DISCUSSION
A total of 908 finfish specimens were documented, comprising 13 families and 19 species. The 
shellfish captured belonged to 3 families and 3 species (Table 1). The highest number of fish was caught 
in Station 2 (386), followed by Station 3 (339), while Station 1 with 183 had the least abundance 
(Table 1). Station 1 attracted 9 species while 14 and 19 species were attracted to Stations 2 and 3, 
respectively. Therefore, Stations 2 and 3 attracted more fish, likely due to the higher density of 
mangroves. Moreover, the channel dissecting the stations was deeper at Stations 2 and 3, which may 
provide more favourable habitat.
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This ichthyofauna composition was lower than reports from adjacent creeks of the Andoni River 
System, Bodo, Bonny, and Luubara Creek (Chinda, 1994; Francis and Sikoki, 2003; Nwibari et al., 
2019). The study duration, season, and pollution level may account for the differences since those 
reports predated the oil pollution of the studied creek. 
Six species accounted for 84% of the total biomass, namely, Sarotherodon melanotheron (57.97%), 
Pomadasys jubelini (8.64%), Mugil cephalus (7.50%), Liza falcipinnis (5.31%) and Coptodon 
guineensis (5.24%) (Table 2). These species' abundance and contribution to biomass can be attributed 
to their euryhalinity trait and tolerance to hypoxia conditions (Rutjes et al., 2007; Richards, 2014). 
Indices of diversity:  The Margalef, Shannon-Wiener Diversity Indices (H), and Simpson's Index of 
Diversity values are presented in Table 3. This dataset reveals gradients in diversity and richness across 
the Stations, with Station 3 being the most biodiverse and Station 1 being the least. The environmental 
conditions occurring in Stations 2 and 3 support a more diverse range of species, possibly due to better 
habitat quality, higher density of mangroves, resource availability, or other favorable ecological factors.

STATIONS  Total
Catch

Percentage 
Contribution (%)

Finfish Species 1 2 3

Cichlidae Sarotherodon melanotheron 137 231 165 533 58.70

Coptodon guineensis 5 12 14 31 3.41

Coptodon mariae 0 3 3 6 0.66

Mugilidae Liza falcipinnis 3 13 35 51 5.62

Liza grandisquamis 23 35 20 78 8.59

Mugil cephalus 2 18 5 25 2.75

Haemilidae Pomadasys jubelini 2 28 27 57 6.28

Pomadasys perotiti 0 0 3 3 0.33

Lutjanidae Lutjanus gorensis 0 1 2 3 0.33

Carangidae Caranx crysos 0

 

14 6 20 2.20

Claroteidae Chrysichthys nigrodigitatus

 

1

 

0

 

1 2 0.22

Dorosmatidae Ethmalosa fimbriata 0

 

5

 

11 16 1.76

Sphyraenidae Shyraena afra 0

 

0

 

1 1 0.11

Eleotridae Eleotris Africana 1

 

1

 

3 5 0.55

Gobidae Bostrychus africanus 0

 

1

 

0 1 0.11

Gorogobius nigricinatus 1 0 0 1 0.11

Lobotidae Lobostes sp 0 0 5 5 0.55

Cynoglossidae Cynoglossus menody 0 0 1 1 0.11

Bothidae Sycacium micrurum 0 0 1 1 0.11

Total 175 364 303 840

Shellfish

Ocypodinae Ocypode qfricana 0 2 0 2 0.22

Pontinudae Callinectes amnicola 8 22 35 65 7.16

Penaidae Penaeus monodon 0 0 1 1 0.11

Total 8 24 36 68

183 386 339 908 100

Table 1: Checklist of Species, composition, abundance, and contribution to the fishery of Bomu Creek
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Table 2: Total weight. Mean length of species caught using gillnet in Bomu Creek (November 2023 
to February. 2024)

 
Species

Station 1 Station 2 Station 3 GT (g)
Weight 
(g)

TL cm (range) Weight 
(g)

TL cm (range) Weight 
(g)

TL cm (range) 

Sarotherodon melanotheron 4756 11.37 (8.0 -18.5) 9600 12.62 (7.3-19.8) 7079 12.53 (7.0-16.6) 21,435
Coptodon guineensis 321 13.8 (13.0-15.0) 802 14.53 (12.1-16.5) 813 13.84 (11.0-18.0) 1,938
Coptodon melanop 0 0 116 13.9 (13.5-14.3) 133 12.53 (9.0-15.0) 249
Mugil cephalus 482 24.9 (17.0-32.8) 1096 18.64 (14.0-24.4) 1197 25.96 (15.3-33.5) 2,775
Liza falcipinnis 299 25.55 (21.5-29.6) 420 15.33 (11.1-23.0) 1243 15.42 (13.0-22.5) 1,962
Liza grandisquamis 899 16.08 (12.4-21.6) 1243 15.61 (12.2-23.2) 654 15.04 (10-21.3) 2,796
Caranx crysos 0 0 120 9.63 (8.2-12.2) 145 11.4 (3.1-14.5) 265
Chrysichthys nigrodigitatus 213 29 0 0 295 30 508
Eleotris Africana 31 12.9 25 12.1 91 13.27 (12.2-14.6) 147
Lutjanus gorensis 16 9.9 290 21.9 (21-22.8) 306
Pomadasys jubelini 259 20.6 (19.7-21.5) 1465 15.28 (12.5-18.0) 1429 15.51 (9.8-20.6) 3,193
Pomadasys perotiti 0 0 0 0 185 16.4 (15.2-18.0) 185
Ethmalosa fimbriata 0 0 190 14 (7.0-15.8) 553 16.2 (13.0-22.6) 743
Bostrychus africanus 0 0 20 11 0 0 20
Cynoglossus menody 0 0 0 0 119 31 119
Sycacium micrurum 0 0 0 0 9 10.4 9
Penaeus monodon 91 16 (15.4-16.5) 34 17 125
Loboste species 112 9.88 (8.6-12) 112
Gorogobius nigricinatus 22 12.2 0 0 0 0 22
sphyraena afra (Barracuda) 0 0 0 0 70 23.2 70
Total 36,979

TL – mean total length; GT = Total for each species over the three stations that were sampled. 

Table 3: Diversity indices of fish species during the period of study

Diversity Index Station 1 Station 2 Station 3

Taxa_S 10 14 19

Individuals 183 386 339

Dominance D 0.577 0.379 0.270

Simpson_1-D 0.423 0.621 0.730

Shannon-Weiner , H 0.989 1.548 1.895

Margalef 1.728 2.183 3.09

CONCLUSION
The shorelines covered most with mangrove seedlings attracted more fish as shown by the high Marg 
alef's index. Evidently, the ongoing HYPREP pilot mangrove restoration of 560 ha of oil-degraded 
mangroves will attract more species to Ogoniland coastal shorelines
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INTRODUCTION

Length weight relationship (LWR) of fish is widely recognized as an important tool in fisheries science, 
especially in ecology population dynamic and stock management. This is so because the relationship 
permits estimating the weight of a specimen easily when total length is known and the relationship 
estimates condition factor of the fish species and fish biomass through length frequency (Getso et al., 
2017). LWR has a number of important applications in fish stock assessment, among which are 
estimating the standing stock biomass and comparing ontogeny of fish population from different 
regions. This information improves management, conservation and culture of these species, further 
allowing comparisons between populations of the same species In LWR, when 'b' is equal to 3 or close to 
3, growth in fish is said to be isometric (fish becomes more robust with increasing length). When 'b' is 
far less or greater than 3, growth in fish is said to be allometric (fish becomes thinner with increasing 

Bagrus bayad (B. bayad) is a commercially important species found in Nigeria freshwaters especially in 
rivers Niger, Kaduna, Benue, Lake Chad and other inland waters (Tsadu et al., 2014). The bayad's body 
is generally elongated in shape. The dorsal fin has a smooth spine, and the pectoral fins have spines with 
serrations on the inside. There are four pairs of barbels. The maxillary barbels usually reach to the 
ventral fin or pelvic fins. This fish is yellow-greenish or blackish with a white belly. The fins are darker, 
sometimes reddish purple. Juveniles have little black spots on the sides (Froese et al., 2023).

ABSTRACT
The study assessed the length-weight relationship and condition 
factor of Bagrus bayad in Wudil  River. A total of 364 fish were 
sampled for a period of 6 months (January to June, 2023) and the 
length and weight were measured. The mean total length and total 
weight of males B. bayad were 32.26 ± 1.04 (cm) and 175.92 ± 7.29 
(g) respectively. Whereas the mean total length and total weight of 
females B. bayad were 26.31 ± 0.35 (cm) and 104.50 ± 2.53 (g) 
respectively. Furthermore, the mean total length and total weight of 
combined sex of B. bayad were 28.86 ± 0.51 (cm) and 135.11 ± 3.90 
(g) respectively. The mean The length -weight regression analysis 
showed b-values of 1.44, 1.09 and 1.42, in males, females and 
combined sex respectively which indicated negative allometric 
growth. The significant linear relationships (r2) of 0.67, 0.43 and 
0.63 were recorded in both males, females and combined sex 
respectively. The condition factor (K) of 1.10, 1.04 and 1.07 were 
reported for the males, females and in the combined sex. Condition 
factor “K” values recorded greater than 1 in the study showed that 
both the males and females B. bayad from  Wudil River were in good 
and healthy condition. The condition factors of all fish species 
sampled fall within the range recommended as suitable for matured 
fresh water fish species in the tropics.

Keywords:
Length-weight relationship,
condition factor,
allometric growth,
Wudil River, Kano State
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Sample Collection: Fish samples were collected from fishermen catches at the landing site for a period of six 
months (January to June, 2023). A total of three hundred and sixty four (364) fish samples were collected and  
were transferred into an ice box packed with ice and immediately transported to the Fish Biology laboratory of the 
Department of Fisheries and Aquaculture, Bayero University, Kano for further measurements and analyses.

length) (Ude et al., 2011).
Condition factor is calculated with the aim of describing the condition of a particular fish from the 
relationship drawn between weight of the fish and its length. Condition factor expressed as coefficient 
of condition denoted by 'K', is also known as Fulton's condition factor (Getso et al., 2017). When the 
condition factor value is higher, it means that the fish has attained a better condition. Condition factor 
of fish can be affected by a number of factors such as stress, sex, season, availability of feeds and other 
water quality parameters (Alex et al., 2012). This study was carried out with the aim of assessing the 
length-weight relationship and condition factor of B. bayad from River Wudil in Kano State. The 
information will be useful for sustainable management of B. bayad fisheries resources.

Study area: The study was carried out in Wudil River; which is a tributary of River Hadejia and obtains its 
water from River Challawa, River Kano and their tributaries (Fig. 1). It flows northeast as River Hadejia 
and finally into Lake Chad. It is an important part of the Hadejia and the Jama' are river system. The Wudil 
River is situated in Wudil Local Government Area, east-central area of Kano State, Nigeria, with an 
estimated land area of 458 km2 with longitude 8° 45� E and 8° 57� E, as well as between latitude 11° 37� 
N and 11° 56� N (Getso et al., 2017). The river basin occupies a total land area of about 16386.0136 km2 
and is part of the inland drainage system of the Chad Basin (Olofin, 2005).

MATERIALS AND METHODS

The total length (TL) and standard length (SL) of the fish were measured in centimeter (cm) using 
measuring board. TL was measured from the snout to the extreme end of the caudal fin; SL was 
measured from the snout to the starting point of caudal fin. The weight (W) of the fish was measured in 
gram (g) using digital weighing balance (Simon TH-5000).

The parameter of length-weight relationship (LWR) of the sampled fish were evaluated using the equation 
W = aLb (Le Cren, 1951), where W= body weight in g, L= total length in cm, a = constant and b = 
relative growth coefficient. Logarithmic transformation of the formula (W = aLb) into Log W = Log a + b 
Log TL was done, while each value of 'a' and 'b' was determined empirically employing common statistics. 
Whereas condition factor (K) was computed using the formula: K=100W/L3, where, W= observed body 
weight (g), L = total length (cm) (Amin, 2001; Zorica et al., 2006). Variations of K between the sites were 
quantified using one way ANOVA (Mahmood et al., 2012). All statistical analyses were performed using 
Microsoft Excel, MINITAB version 17 and SPSS version 22 statistics software.

Data Analysis

Measurements

Fig. 1: Map of the Study Area
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RESULTS 
Table 1 presents the mean total length and total weight of males B. bayad were 32.26 ± 1.04 (cm) and 
175.92 ± 7.29 (g) respectively. Whereas the mean total length and total weight of females B. bayad 
were 26.31 ± 0.35 (cm) and 104.50 ± 2.53 (g) respectively. Furthermore, the mean total length and 
total weight of combined sex of B. bayad were 28.86 ± 0.51 (cm) and 135.11 ± 3.90 (g) respectively. 

Table 1: Descriptive Statistics of Body Measurements of B. bayad from Wudil River 

Sex
 

N
 

Total Length (cm) Body Weight (g) 

Range Mean ± SD Range Mean ± SD

M 156 12.04 – 60.03 32.26 ± 1.04 28.00 – 305.00 175.92 ± 7.29

F 208 17.00 – 37.02 26.31 ± 0.35 59.00 – 172.00 104.50 ± 2.53

C 364 12.04 – 60.03 28.86 ± 0.51 28.00 – 305.00 135.11 ± 3.90

Table 2 depicts the computed parameters of LWR and Condition Factor of B. bayad. The estimated 
allometric coefficient value (b) of B. bayad was estimated to be 1.44; in males, 1.09 in females, whereas 
that of combined sex was 1.42. The coefficient (b) indicated that males, females and combined sex 
exhibited negative allometric growth pattern.

Table 2: Computed Parameters of Length-Weight Relationship and Condition Factor of B. bayad 
from Wudil River

Note: M, male; F, female; C, combined sex; N, number of individuals; TL range, minimum and 
maximum total length (cm); BW range, minimum and maximum total weight (g).

Sex N a B r2 Growth type LWR Equation K
M 156 1.07 1.44 0.67 Allometric (-) LogW = 1.44 LogTL + 0.03 1.10
F 208 2.88 1.09 0.43 Allometric (-) LogW = 1.09 LogTL + 0.46 1.04
C 364 1.05 1.42 0.63 Allometric (-) LogW = 1.42 LogTL + 0.02 1.07

Note: M, male; F, female; C, combined sexes; N, number of individuals; a, intercept; b, slope; r2, 
coefficient of determination; K,  mean condition factor.

In LWR, b-value is used to examine the type of growth exhibited by fishes. It has been shown that when 
b is equal to 3 or close to 3, growth in the fish is said to be isometric i.e. fish become more robust with 
increase in length similarly when b is far less or less than 3, growth is said to be negative allometric i.e. 
the fish become thinner with increase in length; however when b is far more than 3, growth is said to be 
positive allometric i.e. the fish become rounder with increase in length. Additionally, when b is equal to 
3, the fish grow isometric, resulting in the ideal shape of the fish (Kefas et al., 2020; Taheri Mirghaed et 
al., 2021; Ali et al., 2022). The negative allometric growth reported in the present study corresponds 
with those observed in earlier studies by Dambatta et al. (2022) and for B. bayad in Wudil River and 
Dan-Kishiya et al., (2018), for B. bayad from Zobe reservoir, Dutsin-Ma, Katsina State. LWR 
parameters affected by availability of food, seasonal changes, health condition among others as well as 
biological and environmental factors (Getso, 2017; Laurat et al., 2019; Taheri Mirghaed et al., 2021; 
Buzhdygan, et al., 2022). The value of (r2) ranged from 0.43 to 0.67. The LWR equations were 
established as LogW = 1.44 LogTL + 0.03 for males, LogW = 1.09 LogTL + 0.46 for females and 
LogW = 1.42 LogTL + 0.02 for combined sex (Figures 2, 3 and 4). The r2 values indicated strong 
correlation between the length and weight.
The condition factor (K) of B. bayad indicated a trend of fluctuation of K values in both males, females 
and combines sex. The condition factors were 1.10, 1.04 and 1.07 for the males, females and in the 
combined sex. These values recorded were greater than 1 (Table 1). Condition factor provides 

DISCUSSION
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information on the physiological condition of fish in relation to its welfare. It is often used to describe 
the well-being or condition of fatness of a fish and gives information about physiological state of a fish in 
relation to some environmental changes (Laurat et al., 2019). Ujanial et al. (2012) reported condition 
factor greater than or equal to1 (≥1) is good, indicating a good level of feeding and suitable 
environmental condition. The present research is in line with the finding of Dambatta, (2022) who 
obtained a condition factor of around 1.00 for B. bayad from River Wudil. Condition factor is affected 
by both biotic and abiotic environmental conditions and can be used as an index to assess the status of 
the aquatic ecosystem in which the fish live (Anene, 2005; Taheri Mirghaed et al., 2021; Buzhdygan et 
al., 2022). Change in condition factor of fishes could be used to interpret various biological factors such 
as fatness, food availability, reproductive activities and environmental health (Dadzie et al., 2000; 
Laurat et al., 2019). Fishes with low factor values are presumably believed to have suffered insufficient 
nutrition or adverse physical environmental conditions (Getso, 2017; Laurat et al., 2019; Buzhdygan, 
et al., 2022; Sulaiman et al., 2022). Increase in K values sometimes suggests gonadal development and 
accumulation of fat (Ahmad et al., 2015; Sulaiman et al., 2022).

CONCLUSION

Alex Nehemia, Justin D. Maganira and Cyrus Rumisha. (2012). Length-weight relationship and condition 

 Sciences, 1, 192-194.

 relationship of painted comber, Serranus scriba (Linnaeus, 1758), in the Trogir Bay area 

Olofin, E. A. (2005). Impact of dams construction on storm channel morphology. Local Field Course Lecture 

 factor of tilapia species grown in marine and fresh water ponds. Agriculture and biology journal 

 nehereus (Ham-Buch) from the neritic water of Bangladesh. Online Journal of Biological 

 of fish species of Ebonyi River, Nigeria. Nigerian Journal of Fisheries. 8(1). 

Based on the present study, it can be concluded that B. bayad indicated negative allometric growth 
pattern. The condition factor “K” values recorded were greater than 1 in both, males, females and 
combined sex. This is an indication that the fish were in good and healthy condition. This information 
will help to know the state of the fish stock as well as for proper fishery management and sustainable 
exploitation of the stock.

Froese, R., and Pauly, D. (2023). FishBase 2021 world wide web wlectronic wublication.

 gariepinus and oreochromis niloticus of Wudil River, Kano, Nigeria. Journal of tropical aquaculture, 

Tsadu S. M., Lamai S. L., Yisa T. A. and Ibrahim S. U (2014). Gonad development and histology in bagrus 
bayad cultured in outdoor earthen ponds. Biological and Chemical Research, 2014: 52-65.

Getso, B. U., Abdullahi, J. M. and Yola, I. A (2017). Length-weight relationship and condition factor of clarias 

 food, environment and extension. 16(1): 1-4.
Ude, E. F., L. L. C. Ugwu, B. O. Mgbenka and C. D. Nwani. (2011). Evaluation of length-weight relationship 

 of North America. 3(3): 117-124.

 Series, Kano, Department of Geography, Kano University of Science and Technology, Wudil, 
 Kano State, Nigeria.
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CONSTRUCTION AND TESTING OF CIRCULAR RING LIFT NET FOR 
FISHING CALLINECTES AMNICOLA IN OKERENKOKO FISHING 
COMMUNITY IN ESCRAVOS ESTUARY, DELTA STATE, NIGERIA

Ring lift net is one commonly fishing gear used in creeks, rivers, estuaries and lagoons for capturing fish. 
This particular fishing gear is more effective at the low tidal areas. In Nigeria, ring lift nets are mainly 
used along the coastal region to catch shellfish especially the swimming crabs such as Callinectes 
species. Ring lift nets are among the most widely used artisanal fishing gear in the brackish and coastal 
waters of Nigeria and often constitute approximately 50-60% of the total fishing gear used by artisanal 
fishers (Udolisa et al, 1994). According to Binyotubo (2011) circular ring lift net has a funnel shape, 
and is made of metal ring at the top and nets throughout the length and base of the fishing gear. The 
metal ring diameter is about 45-95cm, fitted with 30-45mm mesh netting which is either drawn tight 

 INTRODUCTION

Construction and testing of circular ring lift-net in Okerenkoko 
fishing community in Escravos Estuary.  Delta State, Nigeria. Testing 
was conducted from May to July, 2023. Nine circular ring lift-nets 
were used and baited with dead-fish and mudskipper. Fish samples 
were obtained twice monthly bases on the mesh sizes. Data obtained 
were subjected to Descriptive Statistical Analysis and Analysis of 
Variance. Results showed that circular ring lift-nets had length of 45 
to 95cm, diameter of 40cm, length of bridle ropes of 0.5m, mesh size 
of 12.50 to50.00mm.It has conical shape with netting materials of 
synthetic fibre. A total of 603 Callinectes amnicola were caught, with 
female Callinectes amnicola constituting the highest percentage 
(56.55%) and males the lowest percentage (45.45%). Circular lift-
nets with large mesh sizes caught the highest percentage (47.76%), 
followed by medium mesh (28.36%) and small mesh the lowest 
percentage (23.88%). Station two recorded more catch (43.12%) 
than station three (35.16%) and the least was in station one 
(21.56%). The month of May (45.27%) recorded the highest 
percentage of crab caught, followed by June (33.66%) and July 
(24.38%) the lowest percentage. It is concluded that ring lift-nets 
with large mesh sizes caught more Callinectes amnicola than the 
small and medium mesh sizes. The month of May had the highest 
percentage catch rate and July had the lowest catch rate. The study 
therefore recommends that circular lift nets with large mesh sizes are 
more suitable for Callinectes amnicola fisheries in the study area.

ABSTRACT

Keywords:
Circular ring lift-net,
Construction, Escravos
Estuary and testing.
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or a bit loose to form a small bag.

Experimental Design

The study was carried out between May and July, 2023, using nine circular ring lift nets. Fish samples 
were obtained twice monthly at the three stations: ST1, ST2 and ST3 along the bank of Okerenkoko 
community. The baited ring lift nets were set at the bottom of the estuary and retrieved at intervals of 
3-5 minutes with the help of the bridle and hauling ropes. Crab species caught were sorted and counted 
based on the number caught according to the mesh size. 

The data obtained on number of crab species was subjected to Descriptive Statistical Analysis and 
Analysis of Variance (ANOVA) using the Statistical Package for the Social Sciences (SPSS) version 20. 

Three stations were selected and labelled ST1 (Station 1), ST2 (Station 2) and ST3 (Station 3). The 
stations are 100-200 meters apart and are the major crab fishing sites in Okerenkoko community.
Materials for the construction

Field Sampling Procedures

The study area is located in Okerenkoko in the Escravos Estuary of Delta state, Nigeria. Escravos 
Estuary is situated between latitude 50301011N and 50501011N and longitude 50101011E and 
401011E (Ewutanure et al., 2021) (Fig 1). The surrounding of Escravos Estuary is characterized by a 
tropical climate with well demarcated rain and dry season. The dry season stretches from November to 
April while the rainy season is usually from May to October (Opule, 2000).

. Despite the important role of the circular ring lift net in the study area. No study has been conducted 
on circular ring lift nets, in respect to their construction, mode of operations and efficiency in the 
Escravos Estuary, around Okerenkoko axis of Delta State. It was based on this reason this study was 
carried out. The findings of the study would be useful to fishery extension workers and the 
management of Escravos Estuary around Okerenkoko axis of Delta State, Nigeria.

Study Area

Selection of Station 

MATERIALS AND METHODS

The materials used for construction of the experimental circular ring lift nets were circular metal ring 
of 45-95cm diameter, ropes, synthetic twine (210d/9), netting material of 30 mm and 45 mm mesh 
size, netting needle, meter rule, matchet and razor blade

The design of the experiment was based on a completely randomized design with mesh size as the 
factor of comparism. A total of 9 circular ring lift nets were used, three each at each station. The nets 
were baited with dead-fish and mudskipper.

Statistical Analysis

RESULTS AND DISCUSSION

The construction specifications of the circular ring lift net used for the study in the Escravos Estuary 
around Okerenkoko axis are presented in Table 1. The circular ring lift nets had length 45-95 cm, 
diameter 40cm, length of bridle ropes 0.5m and mesh size 12.50-50.00mm. The length of hauling 3m, 
hanging ratio 3-7,  the length of steeping Colum 2-7cm, shape type conical, netting materials synthetic 
fiber, type of frame circular ring . 

Construction specifications of net
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Number of Callinectes amnicola species caught

NBR = Number of Bridle Ropes, LBR = Length of Bridle Ropes, FL = Float

LSC = Length of Steeping Colum, NMSC = Number of Meshes in Steeping Colum, MS = Mesh Size, 
TD = Twist Direction, NHLR = Number of Hauling Rope, LHLR = Length of Hauling Rope

Catch composition of fish (Crab)

Key: CRLN = Circular Ring Lift Net, CMR = Circumference of Ring, HGR = Hanging Ratio,

Table 2: Number of Callinectes amnicola caught in circular left based on the sex

The number of Callinectes amnicola (Plate 1) caught in circular lift nets based on their sexes is 
represented in Table 2 with the female Callinectes amnicola recording the highest percentage number 
(56.55%) and males recording the lowest percentage (45.45%). The possible reasons for this record 
could be attributed to the following reasons; probability more females were schooling, were in search 
of food and were migrating in search for areas to spawn during the study period. Lawal- Are (2009) and 
Ambrose and Isangedighi (2016) also reported that fishes are found more in water bodies when they 
are in search of food, schooling and looking for areas for spawning. 

Table 1: Specifications of circular ring lift net used in the study

Type of 
Mesh 
Size 
(mm)

CRLN CMR 
(cm)

HGR LSC 
(cm)

NMSC MS 
(mm)

TD NHLR LHLR 
(m)

NBR LBR 
(m)

FL

Small 
(12.50)

Ply 3 
(75tex)

45 3 2 30 12.5 Z 1 3 3 0.5 1

Medium 
(37.50)

Ply 9 
(230tex)

65 5 5 20 37.50 Z 1 3 3 0.5 1

Large 
(50.00)

Ply 18 
(540tex)

95 7 7 10 50.00 Z 1 3 3 0.5 1

  Sex
Net mesh size Male % Female % Total no. of crab 

caught
% of total crab 

caught

Small mesh size 60 22.90 82 24.63 144 23.88
Medium mesh size 62 23.66 93 27.27 155 25.70
Large mesh size 140 53.44 164 48.09 304 50.41
Total no. of crab 
caught

262 43.45 341 56.55 603

Source: Field Survey, 2023.

Plate 1: Photograph of Callinectes amnicola caught during the study
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Number of fish (crab) caught at different stations

Table 3: Number of Callinectes amnicola species caught in circular left based on the various stations

Table 3 shows the total percentage of Callinectes amnicola caught by the different mesh sizes from the 
stations. The circular lift net with large mesh size had the highest total percentage number in all the 
stations, Station one (University Jetty (UJ), Station two (Zion Jetty (ZJ), and Station three (Vigilantly 
Jetty (VJ), (21.56%, 43.12% and 35.16%) respectively and lowest was recorded in circular lift net with 
small mesh size in UJ, ZJ, and VJ (23.85%, 23.85% and 24.06%) respectively. The observed high 
percentage number of crab caught by the circular lift net with large mesh size is in consonance with the 
results of Ambrose and Isangedighi (2016) who worked on similar traps and investigated the 
comparative fishing trials of pot and ring traps for catching blue crab in Elechi Creek, Nigeria, 
Emmanuel (2008) on the fishery and bionomics of the swimming crab, Callinectes amnicola (De 
Rocheburne, 1883) from a tropical Lagoon and its adjacent creek, south West Nigeria and Lawal- Are 
(2009) on the food and feeding habits of the blue crab, Callinectes amnicola (De Rocheburne) from 
three difference interconnecting Lagoons in south-west, Nigeria. In terms of the three stations, there 
was variation (P < 0.05) in the total number of crab caught between station one (University Jetty), 
station two (Zion Jetty) and station three (Vigilantly Jetty).

 
Stations

Net mesh size UJ % ZJ % VJ % Total no. of 
crab caught

% of total 
crab caught

Small mesh 
size

31 23.85 62 23.85 51 24.06 144 23.88

Medium mesh 
size

35 26.92 73 28.08 63 29.72 171 28.36

Large mesh 
size

64 49.23 125 48.08 99 46.70 288 47.76

Total no. of 
crab caught

130 21.56 260 43.12 212 35.16 603

Source: Field Survey, 2023.
Key: UJ = University Jetty, ZJ = Zion Jetty, VJ = Vigilantly Jetty

Number of Callinectes amnicola  caught in different months
Table 4 showed the total percentage number of Callinectes amnicola caught in the different months.  
The month of May, 2023 recorded the highest percentage value of crab caught (45.27%), followed by 
June (33.66%) and July (24.38%) the lowest percentage. In terms of the different mesh sizes 
irrespective of the different months, the circular lift net with large mesh size (46.43%) also had the 
highest percentage value, followed by circular lift net with medium mesh size (30.68%) and circular 
lift net with small mesh size (22.89%) had the lowest value. The results obtained from the different 
months revealed that, there was variation (P<0.05) between number of crabs caught in the month of 
May and other months.  The observed highest catch rate by the circular lift net with large mesh size 
(280), over the other mesh sizes could be attributed to the fact that the circular lift nets with large 
mesh size permit water to drain off from the fishing gear faster than the other mesh sizes as a result 
catching more crabs than the other mesh sizes. Ambrose and Isangedighi (2016) also observed the 
same trend in their study in Elechi Creek with similar pot and ring traps for catching blue crab in Rivers 
State, Nigeria.
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Source: Field Survey, 2023.

Catch efficiency of fishing nets
Table 5 shows the catch efficiency of fishing nets used during the study in the study area. The circular lift 
net with large mesh size caught more Callinectes amnicola (0.69±1.42) than the other fishing nets 
(circular lift net with medium mesh size 0.45±0.17 and circular lift net with small mesh size 0.48±0.12). 
There was significant difference (P<0.05) between the mean number of crab caught by the circular lift 
net with large mesh size and the other mesh sizes. This similar trend was observed by Ambrose and 
Isangedighi (2016) in their study on the comparative fishing trials of pot and ring traps for catching blue 
crab in Elechi Creek, Nigeria that recorded more catch with ring traps with larger mesh sizes.

Table 5: Catch efficiency of the circular lift nets in the study area

 

Months
Net mesh size May % June % July % Total no. of 

crab caught
% of total 

crab caught
Small mesh 
size

67 24.54 45 22,17 26 17.69 138 22.89

Medium mesh 
size

81 29.67 61 30.05 43 29.25 185 30.68

Large mesh 
size

105 38.46 97 47.78 78 53.06 280 46.43

Total no. of 
crab caught

273 45.27 203 33.66 147 24.38 603

Table 4: Number of Callinectes amnicola caught in circular left based on the various months

Mesh size Total fish (crab) caught Mean±SE

Small mesh size 
(12.50mm)

144 0.48±0.12b 

Medium mesh 
size(37.50mm)

155 0.45±0.17b

Large mesh size(50.00mm) 304 0.69±1.42a

It is obvious from the results that, circular lift net with large mesh size caught more crabs (Callinectes 
amnicola) than the other circular lift nets with small and medium meshes. The percentage monthly 
catch rate from ring nets showed that May had the highest percentage catch rate of crab and July had 
the lowest catch rate. 

Large mesh size(50.00mm)3040.69±1.42aMeans with different superscripts in the same column are 
significantly different (P<0.05).

CONCLUSION

 provide tangible recommendations.

 thus is suitable for Callinectes amnicola fisheries in the area.

Based on the study results, it is recommended that:
1. The circular lift net with large mesh size caught more of Callinectes amnicola in the study area 

2. This is a pilot study in the area for circular ring net fisheries, but more studies are still needed to 

Recommendations
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SPSS (1999) Statistical Package for Social Science SPSS for windows. Release 10.01 standard versions.
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INTRODUCTION
The livelihood of many people depends on fish, especially in regions of the world designated as 
'developing countries'. In Nigeria, fish is a significant source of animal protein, accounting for over 40% 
of the total protein intake (Ogunji and Wuertz, 2023). This high consumption is due to the availability 
and affordability of fish, making it a staple in many Nigerian diets. Fish and fishery products are not 
only the main resource for protein and micronutrients but are also of enormous economic importance, 
especially for the leading fish-exporting countries, with a total estimated value of US$ 217.5 billion 

ABSTRACT
This study was conducted to evaluate the ectoparasites of C. 
nigrodigitatus from the Escravos Estuary, highlighting the public 
health implications on fish consumers within the area. A total of 180 
Chrysichthys nigrodigitatus specimens were purchased from 
artisanal fishers in Okerenkoko community. The fish specimens were 
examined for ectoparasites at the Fisheries and Aquaculture 
Laboratory, Nigeria Maritime University, Okerenkoko. Results 
showed a low overall prevalence of 8.33 %. The highest prevalence 
(2.78 %) was recorded in monogenea (Gyrodactylus sp.) and least 
(2.22 %) in protozoan cyst. Abundance and intensity were highest 
(0.10 and 4.50) in protozoan cyst and least in Dactylogyrus sp. (0.04 
and 1.33). Findings revealed that prevalence, abundance, and 
intensity of ectoparasites in C. nigrodigitatus were higher (9.17 %, 
0.23 and 2.55) in rainy season than dry season. Size class of 40.00 – 
49.90 cm recorded the highest prevalence, abundance, and intensity 
(12.50 %, 1.44 and 11.50) of ectoparasites. Female C. nigrodigitatus 
had a higher prevalence, abundance, and intensity of ectoparasites 
(8.87 %, 0.23 and 2.55) compared to the males. In relation to organ, 
prevalence and abundance of parasites were highest (4.44 % and 
0.12) in the skin whereas intensity was highest (2.80) in the gills. In 
conclusion, the prevalence of ectoparasites in C. nigrodigitatus from 
the Escravos Estuary is low indicating the healthy state of the estuary 
and the low risk of zoonosis among inhabitants of the estuary who 
consume C. nigrodigitatus. Therefore, to completely eliminate the 
risk of zoonosis, hygienically prepared and properly cooked C. 
nigrodigitatus should be consumed. 

Keywords:
Ectoparasites; Chrysichthys
nigrodigitatus; Zoonosis;
Escravos Estuary;
Prevalence; Intensity
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(FAO, 2012). With the importance of fishery products for the daily human diet increasing, research 
into harmful organisms in fish products has also become more important. Fish can serve as possible 
hosts for a variety of parasites, making parasites a common occurrence in both commercial and 
recreational fishing (Michael et al., 2024). Fish-attacking parasites are typically linked to unfavorable 
environmental conditions including salinity and temperature fluctuations (Yusni et al., 2022).  In 
Nigeria, parasitic diseases of fish pose a serious economic and public health concern in the fishing 
industry due to the risk of transmission of parasite from fish to fish consumers (Eyo and Effanga, 2018;  
Khalid et al., 2021; Asuquo and Eyo, 2023). In addition to zoonosis, parasite infection in fish can have a 
detrimental effect on fish species' acceptance value and flesh quality (Michael et al., 2024). Fish 
infections have directly endangered the health and growth of the fishes and have indirectly endangered 
human physiology and morphology (Khalid et al., 2021). Ectoparasites are parasites that are found on 
the external body part of the fish. According to Ekanem et al., (2014), ectoparasitic diseases affects the 
normal health and physiological conditions of fish leading to poor growth, abnormal metabolic 
activities and subsequently, death of affected fish. Because of its superior nutritional value, fish is 
essential to human nutrition. For humans and other livestock, fish is a great source of protein (Onoja-
Abutu et al., 2021; Asuquo & Eyo, 2023). In addition to protein, fish are a good source of minerals, fats, 
and vitamins that help maintain food and nutrition security. Chrysichthys nigrodigitatus which is 
commonly known as the silver catfish is an important food fish that is popularly consumed by the 
inhabitants of the Escravos Estuary. C. nigrodigitatus is consumed because of its firm flesh, nice taste 
and flavor, appreciable size, and nutritional profile. There was no information on the parasites of C. 
nigrodigitatus in the Escravos Estuary until recently where Michael et al., (2024) conducted a survey 
on the endoparasites of this species in the Escravos Estuary. However, information provided by 
Michael et al., (2024) is still lacking some crucial  information on the ectoparasites of C. nigrodigitatus 
in the Escravos Estuary which is an indicator that inhabitants of the Escravos Estuary are still exposed 
to the risk of zoonosis. Therefore, this study was conducted to evaluate the ectoparasites of C. 
nigrodigitatus from the Escravos Estuary, highlighting the public health implications on fish consumers 
within the area.

MATERIALS AND METHODS
Study Area description
This study was carried out in Okerenkoko which is a fishing community along the Escravos Estuary 
(Fig. 1), located in Warri South-West Local Government Area of Delta State. The Escravos Estuary is 
located geographically at latitude 5.6º N and longitude 5.3º E.

Fig. 1: Map of the study area showing sample collection points (Michael et al., 2024)
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For each C. nigrodigitatus specimen, the biometric parameters including body weight in grams and 
total length in centimeter were measured according to the methods in  Asuquo and Eyo (2023). The 
total weight was measured using a OHAUS SPX622 electronic scale while the total length was 
measured from the tip of the snout to the tip of the caudal fin to the nearest 0.1 cm using a measuring 
board. The fishes were grouped into three length classes including 20.00 – 29.90 cm, 30.00 – 39.90 cm, 
and 40.00 – 49.90 cm.

One hundred and eighty (180) fresh specimens of C. nigrodigitatus were purchased from landings of 
fishermen in Okerenkoko community. C. nigrodigitatus was caught using a gill net and handled 
carefully by the fishermen to minimize stress and prevent secondary infections. The fish were then 
immediately transported in containers filled with water from their natural habitat to the Fisheries and 
Aquaculture Laboratory at Nigeria Maritime University, Okerenkoko Campus.  The fish species was 
identified using the guide by Idodo-Umeh (2003).

Collection transportation and identification of fish specimens

Measurement of biometric parameters

Abundance= 

Formulas given by Upadhyay et al., (2012) were used in calculating the parasitological indices as 
follows:

Results obtained for prevalence, abundance, and intensity of ectoparasites in C. nigrodigitatus from the 
Escravos Estuary is presented in Table 1. Prevalence was highest (2.78 %) in monogenea (Gyrodactylus 
sp.) and least (2.22 %) in protozoan cyst, abundance and intensity were highest (0.10 and 4.50) in 

For each fish specimen, gill, fin, eye, and skin biopsy were prepared and examined for ectoparasites. To 
prepare the gill biopsy, scrapping from second gill arch was collected according to Roohi et al., (2014).  
For fin biopsy, scrapping from the caudal and dorsal fin was obtained while scrapping from the eyes and 
the entire length of the lateral body wall was obtained for eye and skin biopsy. Wet mounts of all the 
prepared biopsied tissues were examined under MEDICA OLYMPUS binocular microscope for 
ectoparasites. Stereo dissecting microscope (MSC-ST45) was used to examine the gill for protozoan 
cyst. The ectoparasite were identified using parasites identification guide by Parpena (1996).

Sex differentiation

Examination of fish and identification of ectoparasites

Prevalence=

Parasitological indices assessment (PIA)

Intensity=

The sexes of C. nigrodigitatus were differentiated by dissecting the fish to examine the type of gonads 
(ovaries for female and testes for male) following the procedure in Osimen and Anagha (2020).

Statistical Analysis
Statistical analysis done using Predictive Analytical Software (PASW) version 20.0. Student T-test and 
Analysis of Variance (ANOVA) was used in data analysis at 0.05 probability level.

RESULTS AND DISCUSSION
Prevalence, abundance, and intensity of ectoparasites in C. nigrodigitatus from the Escravos Estuary 

Noof fish infected

Total number of fish examined
x 

100

1

number of collected parasites

number of infected fish

Total number of parasite recovered

Total number of fish examined
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Table 1: Prevalence, abundance, and intensity of ectoparasites in C. nigrodigitatus from the
Escravos Estuary  

protozoan cyst and least in Dactylogyrus sp. (0.04 and 1.33). However, the overall prevalence of 
ectoparasites was low (8.33 %) and according to Michael et al., (2024) the Escravos Estuary is in good 
hygienic conditions. Also, the tidal rhythm of estuaries lowers the concentration of contaminants, 
keeping the estuary clean (Nzeako et al., 2014).
Prevalence, abundance, and intensity of ectoparasites in relation to season
Findings revealed that prevalence, abundance, and intensity of ectoparasites in C. nigrodigitatus were 
higher (9.17 %, 0.23 and 2.55) in rainy season than dry season.

Findings showed that prevalence, abundance, and intensity of ectoparasites increased with increase in 
size class (Table 3). Size class of 40.00 – 49.90 cm recorded the highest  prevalence, abundance, and 
intensity (12.50 %, 1.44 and 11.50) of ectoparasites in C. nigrodigitatus from the Escravos Estuary. 
These findings are consistent with that of other authors that prevalence, abundance, and intensity of 
parasites is higher in bigger fishes than smaller ones in Nigerian water bodies (Ekanem et al., 2014; 
Akinsanya et al., 2019; Effanga and Eyo, 2018). These findings may be attributed to the fact that older 
and larger fishes have longer exposure period in the aquatic environment than younger fishes, and also 
that larger fishes have increased surface area for parasites to thrive (Effanga and Eyo, 2018).

Prevalence, abundance, and intensity of ectoparasites in relation to size class 

Prevalence, abundance, and intensity of ectoparasites in relation to sex 
Female C. nigrodigitatus had a higher prevalence, abundance, and intensity of ectoparasites (8.87 %, 
0.23 and 2.55) compared to the males (Table 4). These findings may be due to resistance to infections 
is sex-related (Emere, 2000). Also,  the physiological states of female fish is another factor as females 
especially gravid ones are more susceptible to infection (Effanga & Eyo, 2018). These findings are in 
agreement with that of  Effanga and Eyo (2018), and Akinsanya et al., (2019) and in disagreement with 
Ekanem et al., (2011), and Akinsanya et al., (2014). 

 

Parasites  Host examined 
(%)

Host infested 
(%)

No. of parasites 
collected

Prevalence 
(%)

Abundance Intensity

Monogenea (Gyrodactylus sp.) 180 5 (33.33) 12 2.78 0.07 2.40
Monogenea (Dactylogyrus sp.) 180 6 (40.00) 8 3.33 0.04 1.33
Protozoan Cyst 180 4 (26.67) 18 2.22 0.10 4.50
Total 15 (100.00) 38 8.33 0.21 2.53

Table 2: Prevalence, abundance, and intensity of ectoparasites in relation to season
 

Season  
Host examined 

(%)  
Host infested 

(%)
No. of parasites 

collected
Prevalence 

(%)
Abundance Intensity

Rainy 120 (66.67)  11 (73.33) 28 9.17 0.23 2.55
Dry 60 (33.33) 4 (26.67) 10 6.67 0.17 2.50
Total 180 (100.00) 15 (100.00) 38 8.33 0.21 2.53

Table 3: Prevalence, abundance, and intensity of ectoparasites in relation to size class 
Size class (cm)  Host examined 

(%)
Host infested 

(%)
No. of parasites 

collected
Prevalence 

(%)
Abundance Intensity

20.00 –  29.90  60 (33.33) 4 (26.67) 4 6.67 0.07 1.00
30.00 – 39.90 104 (57.77) 9 (60.00) 11 8.65 0.11 1.22
40.00 – 49.90 16 (20.00) 2 (13.33) 23 12.50 1.44 11.50
Total 180 (100.00) 15 (100) 38 8.33 0.21 2.53

Table 4: Prevalence, abundance, and intensity of ectoparasites in relation to sex

 
Sex  Host examined 

(%)  
Host infested 

(%)
No. of parasites 

collected
Prevalence 

(%)
Abundance Intensity

Male 56 (31.11) 4 (26.67) 10 7.14 0.18 2.50
Female 124 (68.89) 11 (73.33) 28 8.87 0.23 2.55
Total 180 (100.00) 15 (100) 38 8.33 0.21 2.53
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Conclusion and Recommendation

Prevalence, abundance, and intensity of ectoparasites in relation to organs
In relation to organ, prevalence and abundance of parasites were highest (4.44 % and 0.12) in the skin 
whereas intensity was highest (2.80) in the gills. Organ specificity was observed in this study as 
Dactylogyrus sp. and protozoan cyst were only found in the gills whereas Gyrodactylus sp. was found 
in the skin and fins. This findings agrees with that of  Eyo et al., (2015) and Asuquo and Eyo (2023). No 
parasite was recovered from the eyes indicating that the eyes of C. nigrodigitatus may not be a 
preferred organ for ectoparasites.

In conclusion, the prevalence of ectoparasites in C. nigrodigitatus from the Escravos Estuary is low 
indicating the healthy state of the estuary and the low risk of zoonosis among inhabitants of the estuary 
who consume C. nigrodigitatus. Therefore, to completely eliminate the risk of zoonosis, hygienically 
prepared and properly cooked C. nigrodigitatus should be consumed.
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Fish morphometric have been pivotal to successful ichthyologic studies over the years (Froese, 2006). 
Length-Weight Relationship (LWR) is commonly used to convert length measurement into weight to 
ascertain the growth characteristics related to these variables. These variables are also used in 
estimating the well-being (condition) of fish (Rodriguez et al., 2017) and thus required in fisheries 
assessments. Condition factor (K) is the measure of the overall health of fish. The condition index 
depends on the amount of food resources available to the fish in relation to expended energy. Sex ratio 
can be defined as the number of females to males in a population. Mortality refers to fishes of all sizes 
and age groups which die within a defined period in time. Mortality estimates are essential for 
modeling population dynamics of fish stocks and ecosystems as they contain information on the 
biology and ecology of populations under study, thus indicating its renewal and productivity or 
otherwise (depletion). Relative yield per recruit defines the biomass of individuals recruited into a 
fishery per unit time while exploitation rate is an index used to describe the extent to which a fishery is 
utilized. In fisheries stock assessment, these parameters are essential in understanding if a fishery is 
under fished or overfished as well as the degree of replenishment. Bagrus bayad is one of the three 
species of the genus Bagrus from the family Bagridae. It forms a great proportion of the commercial 
catches in Nigerian freshwaters (Malami and Magawata, 2010). 

MATERIALS AND METHODS
Study Area 

INTRODUCTION 

River Galma belongs to the North-Eastern part of Kaduna River basin which borders the Chad basin to 
the North. It is one of the main tributaries of river Kaduna with its headwaters near the North-Western 
edge of the Jos plateau and falls near the Magami village into Kaduna plains.  

ABSTRACT  

The VBGF fitted to length frequency data revealed asymptotic 
length of 34.65cm. Total instantaneous, natural and fishing 
mortalities were 2.632, 1.622 and 1.010. There were numerically 
more males than females with no significant difference (P≤0.05). 

The length-weight relationship, condition factor and population 
indices of Bagrus bayad was investigated following standard 
procedures. Specimens with mean standard length of 13.401±0.52, 
12.09±0.43 and weight 55.23±8.21, 38.05±6.09 forfemales and 
males were collected from River Galma between July and December 
2019. Length-Weight regressions showed that growth occured 
allometrically (b=2.4763, 2.4272, 2.6347) for females, males and 
combined sex. Standard length and body weight was positively 

2correlated (r ≥0.700). Assessment of condition factor (K) showed 
all studied specimens were in good condition (1.90±0.09, 
1.83±0.07). 

Key words:
B. bayad, condition factor,
length-weight, sex ratio,
population.
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Sampling of B. bayad in River Galma ensured a representative distribution of females and males. Sex 
ratio is described as the percentage of females to males and is generally considered in the study of 
reproduction to understand the sexual behavior of fish under consideration at different months of the 
year (Shenouda et al. 1994). According to Hashem (1981), the ideal value of sex ratio in fish is 1:1. Sex 
ratio may vary according to year, season, type of gear, month (Laleye, 2006) and length group (Dulcic 
et al.,2003). Geographical location and ecological habitat are among possible factors influencing sex 
ratio. In this study, B. bayad had a sex ratio of 1:1.21 (Table 1) for females and males indicating that 
males were numerically higher than females with no significant difference (P≤0.05).

Sex determination was based on visual observation of genitals (Ikongbeh et al, 2012). Sex ratio was 
determined following Akombo et al. (2014). Length-weight relationship was calculated using the 
equation

Microsoft excel (2013) was used in computing means, standard errors (ES) and standard deviations 
(SD) from morphometric data. Length-weight data was subjected to least square regression. Student 
t-test was used to test for significant differences between total and standard lengths, weight and 
condition factor as well as significant difference in sex ratio. All data was tested at 5% level of 
significance (P≤0.05). 

Sex ratio

Mortality, Relative yield per recruit (Y/R) and exploitation ratio

Data analysis

W = aLb (Bagenal, 1978) which was transformed into straight line relationship as Log W = Log a + 
bLog L (Akombo et al, 2015). Condition factor was calculated using K = 100w/Lb (Akombo et al, 
2014)

Specimens of B. bayad (n=159) were obtained from fishermen of River Galma during the first week of 
every month at 7:00-9:00hrs and transported to Fisheries Laboratory, Department of Biology, Ahmadu 
Bello University, Zaria for analysis. Fish samples were identified using the keys of Idodo-Umeh (2003). 
Standard length (SL), total length (TL) and total body weight of the individual fish samples were taken 
according to the method of Akombo et al. (2015) and recorded appropriately.

Growth parameters

Sample Collection, Identification and morphometric measurment

Sex Ratio, Length-Weight Relationship and Condition factor (K) 

Asymptotic length (L∞) and growth coeficient (K) were calculated using Fish Key Facts 4 (Froese and 
Binohlan, 2000). These parameters were fitted into the Von Batterlanffy's model.

Natural mortality (M) was calculated following Pauly, (1980) while total mortality (Z) was calculated 
on FiSAT 2 from length of fish samples using the Beverton and Holt model. Fishing mortality (F) was 
derived from F = Z-M. FiSAT 2 was used to calculate relative yield per recruit (Y/R) and exploitation 
ratio (Gayanilo and Pauly, 1997).

RESULTS AND DISCUSSION

Length-Weight Relationship
The length-weight equation revealed varied b values below 3 (Figure 1-3) indicating negative 
allometric growth pattern This observation is in agreement with Atama et al., (2013) on tilapia zilli. 
Midhat et al., (2012) also reported similar b values in River Nile at Gizza Egypt. Generally, an ideal fish 

Table 1: Sex Ratio of specimens collectred from river Galma between July 2019 to December 2019

 Fish species        Male                 Female Sex Ratio (M:F) x²            P-value-

B.bayad                87      72 1.21:1 0.0063           0.9
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The mean condition factor for females within the study period was observed to be 1.90
±0.09 while that of male was 1.83±0.07 (Table2) with no significant difference (P≤0.05).  Condition 
factor reflects the wellbeing of fish (Abowei, 2010). It reveals information when comparing two 
populations living in a particular environment with similar conditions to verify if they are making good 
use of the resource (Igwela et al., 2011) The value of condition factor in this study was found to be 
1.90±0.09, 1.83±0.07 for females and males implying that specimens were in good condition (Table 
2). Condition factor less than 1.0 shows that fish are not in good condition while K values above 1.0 
imply that fish are in good physiological condition. The condition factor obtained in this study agrees 
with Midhat et al., (2012) who reported that males of S. schall in River Nile at Gizza were in better 
condition (1.83) than females (1.64). Adeyemi (2011b) also reported K values between 2.32 and 2.36 
in Idah area of River Niger.

which maintains dimensional equality, the isometric value of b would be 3. A value of b less or greater 
than 3 indicates negative and positive allometric growth respectively. The values of correlation 
coefficient (r2) for the fishes were higher than 0.700 which is an indication of strong positive 
correlation showing positive relationship between fish standard length and body weight.
Condition Factor (K)

Table 2: Variation of Morphometric Measurements of B. bayad

Parameter Sex df T-Value P-Value
Female Male

Total Length (cm) 16.56±0.66 15.07±0.59 150 1.68 0.09
Standard Length (cm) 13.40±0.52 12.09±0.43 145 1.91 0.05*
Weight (g) 55.23±8.21 38.05±6.09 121 1.78 0.07
Condition Factor 1.90±0.09 1.83±0.07 148 0.61 0.54

*indicates statistical significance at p≤0.05

 Table 3: Mortality parameters for the sampled fishes 

Fish species                                                              Mortality parameter               
Natural (M)         Fishing (F)             Total (Z)

B. bayad 1.622                    1.010                    2.632 

Figure 1: Relationship between logWT and log SL of 
Bagrus bayad females 

Figure 2: Relationship between logWT and log SL 
of Bagrus bayad males
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Growth parameters 

Mortality 

 

The monthly length frequency distribution within the study period is presented in figure 5. 
Asymptotic length of 34.65cm and 31.50cm was estimated while the VBGF had K value of 0.920. L∞
obtained (figure 5) in this study was above the maximum length of all fish samples in this study. This 
implies that improved environmental conditions and reduced mortality would permit larger sizes of 
these species. Araoye (1997) reported L∞of S. schall to be 49.5cm in Asa lake while Abowei and Hart 
(2009) reported L∞ of 38.7cm for the same species in Niger Delta. These variations may be as result of 
genetic, environmental and population (density) factors. 

In this study, natural mortality of 1.622 (Table 3) was observed. The higher natural mortality witnessed 
suggests fragility of the species. Generally, fish species with higher natural mortality have higher 
growth rates and reproduction thus generating more biomass per unit time.

 

Figure 3: Relationship between logWT and log SL of (L∞): 34.65
 (K):    0.920Bagrus bayad combined sex

Figure 4: Monthly Variation of Condition Factor of 
B. bayad  collected from River Galma    

 (L∞): 34.65

(K):    0.920

Lc/L∞: 0.050 
M/K:    2.860
E-max: 0.349
E-10:    0.269
E-50:    0.224

Figure 5: Von Batterlanffy growth function for B. bayad

Figure 6: Relative yield per recruit for B. bayad collected from
River Galma
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CONCLUSION

Akombo, P.M.; Akange, E.T. and Atile, J.I. (2015). Age and growth of catfish synodontis schall (Bloch 

Exploitation rate (E) 

Atama, C. I.; Okeke, O. C.; Nzenwaji, N. E.; Onah, I. E.; Ivoke, N.; Onoja, U. S. and Eyo, J. E. (2013). 

Dulcic, J.; Pallroro A.; Cetinic P.; Kraljevic M.; Soldo A and Jardas,J. (2003). Age, growth and mortality 

 

Exploitation rate operates with the assumption that the optimal value (E) equals 0.5. Thus, the use of E 
or 0.5 as optimal value for the exploitation rate is based on the assumption that maximum sustainable 
yield is obtained when fishing mortality equals natural mortality (F=M) (Pauly, 1998). In this study, 
the E  obtained was 0.349, E  was 0.224 while the E  was 0.329. The estimation of the exploitation max 0.5 0.1

rate showed that this species is not overfished based on the optimum value of E (Em  0.349) (figure ax=

6). The low E  recorded in this study may be as a result of minimum fishing activities or gear max

selectivity by fishers in River Galma.

B. bayad in River Galma exhibited negative allometric growth. Fish body weight positively correlated 
with standard length. The physiological wellbeing of fish expressed by condition factor (K) showed 
that B. bayad was in good condition. Males outnumbered females with higher natural mortality than 
fishing mortality with high growth.  
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INTRODUCTION
Over the years, studied have shown that a greater percentage of 0.7 million metric tons produced 
locally is from the capture fisheries (coastal and inland) (Obasi and Adeoye, 2022). Gill net fish 
farming has been a significant practice in Ilorin, Kwara State, Nigeria. According to Adeyemo (2019), 
the use of gillnets for fishing is quite popular in the region, and it is one of the traditional methods used 
by local fish farmers for commercial purposes. Gillnets are made up of long, vertical panels or curtains 
of mesh netting that the use of gillnets in fish farming has been a common practice in the region because 
it is an inexpensive method and requires minimal equipment. The primary objective of fish farming 
using gillnets is to cultivate various fish species, including tilapia, catfish, and tilapia hybrid species. As 
noted by Adesanya et al. (2020), this method is advantageous as it eliminates the need for constant 
monitoring; making it ideal for small-scale farmers who cannot afford sophisticated equipment. In 

This study presents comparative analyses of monofilament and 
multifilament gillnets through field survey conducted in Asa River, 
Ilorin, Kwara State. Data were collected through the use of personal 
field observations and direct interview guides. A three-stage sampling 
technique was adopted; stages one and two involved purposive 
sampling procedures to select Asa local government area among 
others, whereas, waterfall, Apaata, Dam and Aliara fishing villages 
were considered for the study among others due to their prevalence 
in fishing activities. Simple random sampling technique was used in 
stage-three to select 5 each of monofilaments and multifilaments 
which formed the frame work that were studied per location with 
equivalent settling and retrieving procedures observed by the 
respondents. Descriptive statistics was used to analyse the data. 
Results indicated 5 species belonged to 5 different families caught by 
both gillnets. Among a relative total gramme of 32,050 species caught 
on daily basis, there were 29,688g of Oreochromis niloticus, 1,422g 
of Clarias gariepinus, 638g of Clupea harengus, 157g of Mormyrus 
rume and 150g of Synodontis clarias in the respective landing sites of 
Aliara, Dam, Apata and Waterfall. The total number of fish caught 
were 386, of which 302 (78.0%) and 84 (22.0%) were respectively 
caught by mono and multifilament across the studied locations. 
Monofilament, despite being cost effective still have better 
performances but most likely with dwindling catches sustainability 
for proper economic growth than multifilament, which is attributed 
to the invisibility in water, elasticity, high tensile strength, lighter 
weight and sensitivity nature of the former.    

ABSTRACT

Keywords: 
Fishing activities,
Artisanal, Passive gears
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Transparency is important in monofilament lines as it affects how noticeable they are to fish in the 
water. Multifilament gillnets are subject to regulations that limit mesh sizes, restrict fishing in certain 
areas, and impose quotas on catches (FAO, 2020). In Kwara State, most of the fish farmers use gillnets 
to maximize the yield of their fish farming operations. According to (Omowumi et al. 2020), the use of 
gillnets in Asa River has increased in recent years due to high demand for fish as a source of protein by 
the rapidly growing population in the area. This has led to overfishing and depletion of fish stocks, 
resulting in reduced catch per unit effort (CPUE) for fishermen (Agbon et al., 2019). The commonly 
used artisanal fishing gear in Asa River include gillnets, traps, hook and line, cast nets and fish pots 
(Otitoloju and Ojo, 2019).

MATERIALS AND METHODS

According to Fasakin et al. (2015), gillnets are allowed to hang vertically into the water, and the fish 
swim into the nets and get caught in the meshes. The Asa River, a significant river in Kwara State, 
Nigeria, passes through the city of Ilorin. The Asa River is vital to Ilorin's economy since it supports a 
variety of industries like agriculture, fishing, and transportation. Farmers in the region use the river as 
irrigation to grow crops such yams, maize, and rice. Local fishermen can catch fish from the river. A 
monofilament net is one where the net is made of single strands of a synthetic material that replicates a 
stand of modern fishing line, as opposed to a multifilament net, which itself is one where the net is 
made of thin braided or twisted twine (like very thin rope) on every "string" or filament making up the 
net mesh. Unlike braided fishing line, which is formed of many fibers of material, monofilament 
fishing line is made of a single plastic fiber (Tobor et al., 2012). 

Statement of the Problem

Asa river is the major water body in Ilorin, its course enters the Southern end of industrial estate from 
Asa dam and it runs northwards through residential and commercial areas of Ilorin city (Omoleye et al., 
2023). Asa-dam River is in Asa Local government area of Kwara State in North Central of Nigeria. Asa 
River, being the major water body in Ilorin, enters the southern end of the industrial estate and runs 
northwards through residential and commercial areas (Kolawole et al., 2017). It thus serves as a 
recipient of domestic, agricultural, and industrial wastes. According to a study conducted by Odeyemi-
Bello et al., (2015), Asa River in Ilorin has a total length of about 100 km and a catchment area of 1,270 
km². 

Understanding how monofilament and multifilament nets differ in their selectivity can help identify 
the net type that minimizes bycatch and promotes sustainable fishing practices (Ajiboye et al., 2018). 
By comparing the composition of catch between the two net types, we can determine their respective 
impacts on fish populations and ecosystem health. Efforts to regulate the use of gillnets in Asa River 
have been made by the government and non-governmental organizations. For instance, the Kwara State 
Government has established fishing regulations that prohibit the use of certain types of fishing gear, 
including gillnets, during certain times of the year to allow for fish populations to recover (Olawoyin et 
al., 2021).
In addition, some NGOs have provided alternative means of livelihoods to local fishermen to reduce 
their reliance on gill net fishing (Ogundiran et al., 2020). Gillnets due to its construction pattern; can 
unintentionally capture non-target species, including juvenile fish and non-commercial species. 

Study Area

It is a highly dynamic river system that experiences seasonal fluctuations in water flow, as the river 
swells during the rainy season (May to October) and recedes during the dry season (November to 

Kwara State, most of the fish farmers use gillnets to maximize the yield of their fish farming 
operations. Gillnets are tied to bamboo poles and staked into the water, forming a rectangle or circle, 
depending on the shape of the pond. 
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April). Asa r.iver serves as a source of water for fishing, irrigation, and other agricultural activities in 
Kwara State, and flows through several states, including Osun, Oyo and Ogun before ultimately 
emptying into the Atlantic Ocean. Four (Waterfall, Apaata, Asa dam and Aliara fish landing sites) out of 
the existing fishing locations in Asa river were purposefully selected for sampling, others were Laduba, 
Apaata iya Ganiya, Balogun Fulani, Aba Yawu and Oke oyi (

   Fig. 1: Map of Asa River showing the study locations 

Fig. 1).

       Source: Field Survey, 2024

A three stage sampling technique was used to select 5 each of mono and multi filament gillnets per 
location through 40 respondents from Waterfall, Apaata, Dam and Aliara fishing villages in Asa River. 
In stage one; purposive sampling procedure in accordance with Abdulsalami (2017), was used to select 
Asa local government area from the sixteen local government areas in the state due to its closeness to 
Asa River and the prevalence of artisanal fishing activities in the area. Meanwhile, utmost cooperation 
of the village leaders and active respondents were attained through native approach and incentives 
initiative, after which Waterfall, Apaata, Dam and Aliara fishing villages were considered for the study 
among others because of their activeness in fishing activities, thus, this formed the stage two of 
purposive sampling technique (Abdulsalami, 2017). Moreover, stage three involved simple random 
sampling technique with the following elucidations. There were about 40 fishermen per location, out 
of which 30 were active, and of the active ones were 20 that fished with gillnets, and thus, 10 (50%) of 

Sampling Procedure and Sample Size

Data for this study were collected between January and April, 2023 from the active gillnets users in 
Waterfall, Apaata, Dam and Aliara fishing villages of Asa River, Ilorin Kwara States. Qualitative 
method was used for collection of primary data; personal field survey/ observation and direct interview 
guides) and secondary; available literatures such as journals, books maps, articles, magazines, annual 
reports from ADPs, NIOMR, FISON, NIFFR, FDF, NAERLS, Universities, internet and other 
publications) sources (Abdulsalami et al., 2017).

Data Collection Instruments
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Table 1: Average weight (g) of fish species caught with monofilament and multifilament gillnets
 in Asa  river

Tools like descriptive statistics such as mean, median, mode, standard deviation were used for the 
analyses (Johnson et al., 2019).

RESULTS 

them were communicated at each landing site. Five (5) each of monofilaments and multifilaments 
gillnets formed the frame work that were studied per location per three (3) weeks duration with 
equivalent settling and retrieving procedures observed by the respondents across the locations 
(Adjarho et al., 2012). 
The sizes of the 40 nets ranged between 15-25mettres in length, 3-4m depth and with mesh sizes 
ranged between 25.5 and 102mm mounted on 50% or 75% hanging ratio (E= 0.5 of 0.7%). Individual 
net was usually set between 5.00pm and 6.30pm in the evening with or without bait (earthworm), and 
mostly tied to grasses around the river bank and pulled until it finished and the terminal end was again 
tied to a stone to allow for sinking. The retrieving or hauling period of the net was usually between 9am 
and 11am the following day, thereby maintaining net-setting time of 17 hours (Adjarho et al., 2012). 
The catches were carefully removed as the net were been hauled into planked canoes, and were 
simultaneously separated according to the type of gillnet, sorted, measured with electronic scale and 
counted into their respective species using fish identification keys (Olaosebikan and Raji, 2021).   
    
Statistical Analysis 

Abundant average rate of fish species caught with monofilament and multifilament gillnets in Asa River 
is shown in Table 1. Five different fish species belonged to five different families were caught by both 
mono and multi fillaments gillnets in Asa River. Among an average total gramme of 32, 050 fish species 
caught on daily basis for three months duration in Asa river, Oreochromis niloticus amounted to a lager 
gramm of 29,688 followed by Clarias gariepinus of 1422g, Clupea harengus of 638g, Mormyrus rume 
of 157g and with the least gramm of 150 of Synodontis clarias. Aliara landing site had the highest 
quantity of 10,538g Oreochromis niloticus, 8720g of this same specie was caught in Dam landing site, 
7325g of it was caught in Apaata landing site and with the least of 3100g caught in Waterfall landing 
site. The respective gramms of 492, 380, 325 and 225 of Clarias gariepinus were caught in Apaata, 
Waterfall, Dam and Aliara landing sites. 335g and 303g of Clupea harengus were caught in Aliara and 
Waterfall respectively, with none of this specie caught in Apaata and Dam. Just 150g of Synodontis 
clarias was caught only in Waterfall landing site among other three experimented landing sites in Asa 
River. Highest gramme of 11,098 fish was caught in Aliara landing site, followed by 9,113g, 7,817g and 
4022g in Dam, Apata and Waterfall landing sites (Table 1). The prevalent level of these respective 
species of fish; Oreochromis niloticus, Clarias gariepinus, Clupea harengus, Mormyrus rume and 
Synodontis clarias caught by gillnetting could probably be tagged to their abundant rate in Asa river, 
with highest cathability obtained in Aliara followed by Dam, Apata and Waterfall landing sites (Table 
1).    

 

          

Average weight  of 
species caught per 
day Waterfall

FISHING 

Apaata

LOCATIONS

Dam Aliara

Gramm Total 
of each specie

1. Oreochromis niloticus
(Cichlidae) 3100 7325 8720 10538 29,693

2. Clarias gariepinus
(Clariidae) 380 492 325 225 1,422

3. Clupea harengus
(Clupeidae) 303 0 0 335 638

4. Mormyrus rume rume
(Mormyridae) 89 0 68 0 157

5. Synodontis clarias
(Mochokidae) 150 0 0 0 150

Total along locations 4022 7817 9113 11098 32,050
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Table 2 presents the average daily number and percentage of various fish species caught in Asa River. 
The average total number of fish caught was 386, of which 302 (78.0%) and 84 (22.0%) were 
respectively caught by mono and multi filament gillnets across the study areas. Out of 386 (100%) fish 
species caught, Oreochromis niloticus amounted to a larger number of 335 (90%), followed by 18 
(4.8%) Clarias gariepinus, 11 (2.9%) Mormyrus rume, 5 (1.5%) Clupea harengus and with the least of 
3 (0.8%) Synodontis clarias caught in landing sites of Asa River. The order of dominancy of species 
caught by monofilament net was 257 Oreochromis niloticus, 13 Clarias gariepinus, 11 
Mormyrusrume, 4 Clupea harengus and with just 3 pieces of Synodontis clarias. Whereas, a lesser 
quantity of 78 Oreochromis niloticus which had the highest proportion among others fish species 
caught by multifilament gill net was recorded. The dominant rate of other species caught by 
multifilament net were 5 Clarias gariepinus, 1 Clupea harengus and with no catches of Mormyrusrume 
and Synodontis clarias (Table 2). 

A total of 5 fish species belonged to 5 different families were caught by gillnets in Asa River with 
respective dominant species of Oreochromis niloticus, Clarias gariepinus, Clupea harengus, Mormyrus 
rume and Synodontis clarias. This concurs with the findings of  Awotunde et al. (2018), that they 
found a total of 21 fish species from 14 families in Asa River, with the dominant families being 
Cichlidae, Bagridae, and Mormyridae. The most abundant species were Clarias gariepinus, 
Oreochromis niloticus, and Sarotherodon melanotheron. 

DISCUSSION

Monofilament gill net had higher performance in terms fish catch per unit effort (CPUE) as compared 
to multifilament gill net in Asa River. The catch effectiveness of monofilament over multifilament 
gillnets despite its cheaper rate was probably due to its invisibility, elasticity, high strength, lighter 
weight and its sensitivity nature. This finding agrees with the work of Adjarho et al. (2012), that 
monofilament gillnet is more efficient that multifilament gillnet because of transparent nature of the 

KEY: M1 Monofilament gillnet ,  M2: Multifilament gillnet,  No: Number and %: Percentage

Table 2: Average number and percentage of fish caught by monofilament and multifilament 
gillnets in Asa river

 

SPECIES WATERFALL APAATA DAM SITE ALIARA TOTAL

 M1 M2 M1 M2 M1 M2 M1 M2 M1 & M2

No. % No. % No. % No. % No. % No. % No % No. % No. %

Oreochromis 
niloticus 25 73.6 15 83.33 59 95.16 29 90.62 78 92.86 17 100 95 92.24 17 100 335 90

Clarias 
gariepinus 2 5.9 2 11.11 3 4.84 3 9.38 5 5.95 0 0 3 2.91 0 0 18 4.8

Synodontis 
clarias 3 8.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0.8

Clupea 
harengus 3 8.8 1 5.56 0 0 0 0 1 1.19 0 0 0 0 0 0 5 1.5

Mormyrus 
rume rume 1 2.9 0 0 0 0 0 0 5 4.85 0 0 5 4.85 0 0 11 2.9

TOTAL 34 100 18 100 62 100 32 100 103 100 17 100 103 100 17 100 386 100

RELATIVE 
TOTAL
BY NET

MI    
302

78
%

M2  
84

22
%
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  Postgraduate Auditorium, Federal University of Agriculture, Abeokuta,  Ogun State, Nigeria, 

CONCLUSION 

net in water. The findings of Jawad and Hadi (2017), also conforms with this study, that transparent 
lines are less visible to fish, making them more effective and increasing the chances of catching them.

Gillnets are walls of rectangular netting that hangs horizontally in water column, typically made of 
monofilament or multifilament nylon with varying hanging ratios (E) of  0.5 to 0.7% and mesh sizes of 
25.5 to 102mm which are relative to to their rate of performances. Gillnets, especially the mono type 
are the most adopted gear among others by the fishermen in most Nigerian's inland waters, such as Asa 
River due to its cost effectiveness, better performances and higher catchability rate. This is factored to 
its invisibility in water, high strength-to-diameter ratios, elasticity, flexibility, lighter weight and 
moderately dense fibre, though with poor resistance to rot, abrasion, sensitivity nature and also its 
entanglement nature that makes retention of fish easier within the mesh is comparable to 
multifilament gillnets. 

RECOMMENDATIONS
Asa River is believed to be richly blessed with quality fish species through  assessment with gillnetting 
techniques, yet, there is strong need by the national and local authorities to enforce any promulgated 
laws in order to ensure sustainability of these inland fishery resources for present and future benefits 
through proper maintenance, monitoring and regulations of measures such as mesh sizes, prioritization 
of multi to mono filament usage, closed season observance and other intrinsic factors be emphasized. 
Sustainable fishing practices need to be conducted to target awareness campaigns and workshops that 
specifically aimed at educating the fishermen in Asa river and Ilorin metropolis. These initiatives 
should focus on educating fishermen about the potential negative impacts of using mostly 
monofilament gillnets with small mesh sizes and emphasis be frequently made on importance of 
sustainable fishing practices for self and economic growth. 
Abundant rate of these respective species of Oreochromis niloticus, Clarias gariepinus, Mormyrus 
rume, Clupea harengus and Synodontis clarias in Asa river could serve as good documentary for 
managerial and experimental purposes. Also that Aliara landing site with higher biomass of fish species 
could be a training landing centre for fishing practices among other fishing sites like Dam, Apaata and 
Waterfall in Asa River.

Abdulsalami, S. A. (2017). Isolation of fungi organisms from the operating fishing gears and crafts in   

Asa River is dominant with these respective species of Oreochromis niloticus, Clarias gariepinus, 
Mormyrus rume, Clupea harengus and Synodontis clarias caught mainly by monofilament than multi 
filament gill net with or without bait (earthworms) in Aliara, Dam, Apata and Waterfall landing sites. 
Despite multifilament gillnets being a recent innovation that has the potential to address some of the 
recruitment and growth overfishing that are associated with monofilament gillnets in inland 
environments, majority of the fishermen still keen to putting pressure on fishing with the latter for 
their benefits of maximum exploitation and with no consideration for future sustainability.
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INTRODUCTION
The culture of the African Catfish is advancing in most West African countries including Nigeria. 
Meanwhile, field experiences have revealed the general need for proper management of the diverse 
catfish resources in the culture environments for sustainable fish production and conservation of fish 
species in African countries. Growth is an important trait in fish production. Hence, there is always the 
need to establish growth pattern in economically important fish species such as C. gariepinus and H. 
longifilis and their hybrids. The length-weight relationship (LWR) is an important tool used in fishery 
assessment for predicting weight from length required in yield assessment and in calculation of Biomas 

ABSTRACT
This study evaluated the length-weight relationships and condition 
factor of African Catfish hybrid juveniles for 24 weeks. Artificial 
induced breeding of reciprocal crosses of Clarias gariepinus and 
Heterobranchus longifilis were carried out using synthetic hormone. 
60 juveniles (30 each) of Hetero-clarias and Claro-branchus hybrids 
of 34.06g and 42.66g mean weight were randomly selected and 
evaluated for the length-weight relationships. An experimental 
design of 2x3 was used, each of the treatment was replicated. Data 
collected on the body weight (g) and total length (cm) were 
evaluated for length-weight relationships. Correlation and regression 
were estimated by the values of the intercepts (a) and slope (b). 
Variation observed in the monthly mean values on weight (g) and 
total length (cm), slope (b) and condition factor (K) for each 
treatment were tested to determine the significant difference 
(P<0.05) level . The results revealed negative allometric growth with 
Claro-branchus (T2) having the highest (5.050). The “r” values 
obtained showed that Hetero-clarias (T1) and Claro-branchus (T2), 
had 0.985 and 0.982 respectively. The values of “a” and exponent “b” 
for the two groups of fish in this study were within the recommended 
limits. The K values indicated significant difference (p< 0.05) among 
the treatments examined. Water quality parameters were observed 
to be within the acceptable limit for optimum performance of 
studied fish species. This study has affirmed that Hetero-clarias and 
Claro-branchus hybrid juveniles exhibited good growth ratio. 
However, there were variabilities between the condition factors 
measured that may have resulted by several environmental and 
technical differences.

Keywords:
Length-weight, condition
factor, Clarias gariepinus,
Heterobranchus longifilis,
hybrid, Allometric 
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MATERIALS AND METHODS

(Okomoda et. al., 2018). Knowledge on relationship between weight and length is important for 
establishing production and biomass estimations of a species (Ogunola et. al., 2018;Okomoda et. al., 
(2018) reported that Length–Weight Relationship of fishes are important in fisheries biology because 
they allow the estimation of the average weight of fish of a given length group by establishing a 
mathematical relation between the two. The study of LWR of fish species allows the inter-conversion 
of length and weight parameters. It also enhances morphometric comparisons between species and 
populations. Furthermore, LWR allows the health status or condition of fish to be estimated. The 
relationship between the length (L) and weight (W) is usually expressed as W=aLb. where a is the 
intercept and b is the allometry coefficient. Values of the exponent b provide information on the fish 
growth. When b = 3, increase in weight is isometric, and when the value of b is other than 3, weigh 
increase is allometric (negative if b < 3, positive if b >3). Important information on the structure and 
function of fish population are provided by Length weight relationships. One of the benefits of 
estimating LWR is the ability to apply the length and weight data for prediction of well-being of studied 

population through the estimation of condition factor (K). The condition factor often referred to as 
“K” provides information on the wellbeing of a fish and is usually influenced by the fish, sex, season, 
maturity stage (Anyanwu, et. al., 2007).  K= 100w/L3 was proposed by Fulton (1902) as the 
mathematical formula for quantifying or estimating the condition of fish. The relationship of 
length-weight can be used to estimate condition factor of fish species (Fishbase, 2013). Knowledge of 

growth pattern and well-being of fish species is of importance in fish production as it affords the 

opportunity of precision in utilization of the fish population. Such knowledge would assist in proper 
management of the fish progenies in either capture or culture environment. However, the dynamics of 
growth and condition factor could vary across strains of fish species. The length-weight relationship, 
size at first maturity and condition factor of African Catfish have been reported from several water 
bodies of Nigeria (Okomoda et. al., (2018). However, there is no compiled information on the length-
weight relationship from juvenile stage to first maturity and the condition factor of African Catfish 
Hybrids in Aquaculture. Therefore, this study aim to evaluate the Length-weight relationship and 
condition factor of Hetero-clarias and Claro-branchus hybrid juveniles under Laboratory condition in 
Jos, Plateau State. Nigeria

Study Area
The study was conducted at the Hydrobiology and Aquaculture laboratory of the Department of 
Zoology, University of Jos Nigeria and the Federal College of Land Resources Technology, Kuru, Jos. 
Plateau State.

Procedures
First phase: Artificial induced breeding of African Catfish (C. gariepinus) crossed with Bighead catfish 
(Heterobranchus longifilis) using Ovulin (0.5ml/kg b/wgt) synthetic hormone was carriedout, the 
hatchlings obtained were fed Alltech Coppens (45%cp) starter feed for 9 weeks. 
Second phase: 60 juveniles (30 each) of Hetero-clarias and Claro-branchus hybrids of 34.06g and 
42.66g mean weight were randomly selected from juveniles obtained from the first phase. The fish 
were stocked and designated as Treatment 1 and Treatment 2 respectively. The fish were reared in 50L 
circular plastic bowls at 10 fish/bowl. The bowls were filled with water and maintained at 40L. Each of 
the Treatments were replicated, while the fishes were fed Alltech Coppens (45%cp) feed at 4% body 
weight. Feed was adjusted and administered weekly for 24 weeks. Samples of 10 individuals from each 
treatment were used to determine the lengths and weights of the progenies. Fish samples were 
weighed weekly to the nearest grams (g) using electronic weighing balance and total length (distance 
from the tip of the snout to the tip end of the caudal fin) was measured using a measuring rule. The 
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length increases and weight gain, growth rate, specific growth rates and condition factors were 
determined as reported in Okomoda et al. (2018).
Breeding/crosses and experimental design
Crossing of Clarias gariepinus and Heterobranchus longifilis were carried out as presented below. The 
experimental trial consisted of 2 treatments, and each of the treatment was in triplicate.

where: W = weight of fish in (g), L = total length (TL) of fish in (cm), a = constant, b = the length 
exponent.

Determination of length-weight relationship and condition factor 

bW = La

b
              L

The physicochemical parameters were determined based on the procedures outlined in AOAC 
(2012). The determination of physicochemical water quality parameters was carried-out weekly for a 
period of 24 weeks. The water samples were collected in test bottles and taken to the Laboratory for 
analysis. The temperature of the water sample was taken immediately using the clinical mercury-in-
glass thermometer. Other water quality parameters; pH, Ammonia and Dissolved oxygen were 
analyzed using a TestLab water quality test kit (JBL, GmbH and Co. KG, 67141,Neuhofen, 
Dieseletrabe 3, Germany) immediately after collection

DATA ANALYSIS

K = 100 × W

Length-weight Relationship: this was determined using the equation 

Condition Factor (K): This shows the degree of wellbeing of the fish in their habitat, and this was 
determined using (Le Cren, 1951).

Water quality parameter test

The total length-weight relationships of all individual and groups were separately evaluated (figure 1 
and figure 2). The Length weight relationship parameters, a and b, the coefficient of determination, r2 
and the condition factor (k) are presented in Table 2. Information on the pattern of growth (allometric 

Data collected on the body weight (g) and total length (cm) for relationships between body weight and 
total length were subjected to T-test.  Correlation and regression were used to estimate the values of 
the intercepts (a) and slope (b) for weight and length relationship. Variation observed in the monthly 
mean values on weight (g) and total length (cm), slope (b) and condition factor (K) for each progeny 
was tested to determine the significant difference (P>0.05) level. 

RESULTS AND DISCUSSION
Length-weight relationships and condition factor

Treatment Crosses
T1(R1), R2, R3 ♂ Hl X ♀Cg (Hetero-Clarias)

T2 (R1), R2, R3 ♂CgX♀Hl (Claro-branchus)

Keys: Hl: (Heterobranchus longifilis ), Cg: (Clarias gariepinus), ♂(Male), ♀(Female)

Plate1: Experimental set-up showing the rearing units     Plate 2: Hybrid Juveniles of African Catfish (used for the study
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or isometric) was fully furnished. From the results as presented in table 2, hybrid juveniles in treatment 
1 and treatment 2 recorded negative allometric growth, while T2 having the highest (5.050) value is 
incredibly above the reference value of “3”. Value obtained for T1 was below (2.855) the reference 
value.  The “r” values obtained showed that T1 and T2, had 0.985 and 0.982 respectively. The length-
weight data obtained showed different values for each of the treatments. The values of “a” and 
exponent “b” for the two groups of fish in this study were within the recommended limits reported by 
Okomoda et. al.,(2018). From the result of the present study, most of the fishes had a negative 
allometric growth which came incredibly close to the reference value of “3” (b = 2.855, 5.050). 
According to Riedel et. al., (2007), when fish becomes tinnier as it increases in weight; it implies a 
negative allometric growth. An isometric length-weight relationship on the other hand implies that the 
weight of these fishes increases at approximately the same rate as the length (Olufeagba et. al., 2016). 
However, variations in the value of “b” between the treatments could be linked to so many factors. 
Some of which include differences in the physiology of different fishes and feeding rate, degree of 
stomach fullness (Hossain et. al., 2012), sexes, sensitivity to water quality parameters, differences in 
the observed length ranges of the specimens sampled or behaviour (Khallaf et. al., 2003). It could be 
rightly said that one or more of these factors must have interplayed to cause the current observation 
made on the length-weight relationship in this study. There was no consistency in the condition factor 
obtained for treatments in this study, even though values recorded were desirable. However, T2 
exhibited the highest mean K value of 1.872 than values observed in T1. The K values obtained in this 
study were generally close to or above the recommended value of “1” for healthy fishes. The results 
also showed that, there is significant difference (p< 0.05) in K among the treatments examined which 
could be associated to the different behavioural response. According to Khallaf, et al., (2003) condition 
factor of fish are affected by many factors resulting to the variations in the values of “b” in this study 
(i.e. strain, species, stress, sexes, availability of feeds, water quality etc.). Hence, this could justify the 
differences between the observation of the present study and those of previous studies on different 
fishes under different experimental conditions (Solomon et. al., 2017; Rodriguez et. al., 2017). The 
water quality parameters results revealed that pH ranged between 6.55 and 6.80, temperature, 

0 0
22.25 c and 24.25 c, Dissolve Oxygen, 6.25 and 7.20mg/l and Ammonium, 0.17 to 0.21. The values 
obtained for were all within the acceptable limit recommended for catfish. 

Table 2: Length – weight relationships and condition factors of Hetero-clarias and
Claro-branchus hybrid juveniles reared under laboratory condition for 24 weeks

Parameter T1 (Hetero-
clarias)

T2 (Claro-
branchus)

p-value

A -1.861 -5.002 -

B 2.855 5.050 -

r2 0.985 0.982 -

K 0.789+0.01b 1.872+0.02a 0.001

Table 3: Mean weekly water quality parameters evaluated during the 24 weeks experimental trial
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CONCLUSION AND RECOMMENDATION

 gariepinus) reared in the indoor water recirculation system tanks, Research Journal of Biological 

The length-weight relationship revealed a strong positive correlation as expected, that as the fish grow 
in length, the weight also increases i.e. the fish became heavier with increase in length. The regression 
analysis showed that the fish exhibited isometric growth. The value of the exponent b indicated that all 
treatments showed a negative allometric growth which implies that the fish is becoming tinnier as it 
increases in weight; hence, the fishes become slender. Water quality parameters were observed to be 
within the acceptable limit for optimum performance of studied fish species. This study has affirmed 
that the hybrid juveniles exhibited good growth ratio. However, there were variabilities between the 
condition factors measured that may have resulted by several environmental and technical differences
.
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Parameters  Initial 12 
weeks 

16 
weeks

20 
weeks

24 
weeks

pH 7.60+
0.06b

6.55+0
.06 b

6.70+0
.09 b

6.80+0
.05 b

6.80+0
.06 b

Temperatur
e(o/c)

25.50
+0.09
a

24.25+
0.05 a

24.13+
0.05 a

22.25+
0.04 b

22.88+
0.06 b

Dissolved 
Oxygen 
(mg/l)

8.20+
0.15 a

6.25+0
.18 b

6.88+0
.20 bc

7.70+0
.15 b

7.13+0
.25 b

Ammoniu
m (mg/l)

0.20+
0.05a

0.20+0
.05a

0.21+0
.7a

0.17+0
.06b

0.17+0
.05b

Mean with different superscripts (a, b) along the rows are statistically significant (P<0.05)

Figure 1: Length-weight relationship of                         Figure 2: Length-weight relationship of   
                    Hetero-clarias                                                     Claro-branchus
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One of the most important aspects of fish biology is the study of the length-weight relationships (LWR) 
and condition factors (k) (Ashley-Dejo et al., 2022). The relationship between length and weight is 
very essential for proper fish exploitation and management schemes and it is possible to estimate the 
average weight of fishes at a given length (Ahmed et al., 2017). A change in weight or length of fish over 
a period of time is term growth (Ashley-Dejo et al., 2022). Fish can attain either isometric or allometric 
growth (Sakar et al., 2013). Isometric growth indicates that both length and weight are increasing at 
the same rate. Allometric growth can be either positive or negative. Positive allometric growth implies 
an increase in weight with increase in length. Negative allometric growth implies a decrease in weight 
with an increase in length
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LENGTH-WEIGHT RELATIONSHIP AND CONDITION FACTOR OF Clarias gariepinus 
(BURCHELL, 1822) FROM LAKE GERIYO, ADAMAWA STATE, NIGERIA

1 2 2 2
Jidauna, S. B., Y. Ibrahim, B.Y Hamidat and S. Kabir

INTRODUCTION

Condition factor (CF) is an estimation of general well-being of fish (Oribhabor et al., 2011) and is 
based on the hypothesis that heavier fish (at a given length) are in better condition than the lighter 
ones. The condition factor of ≥ 1 indicates good condition of fish while < 1 indicates bad condition 
(Fagbuaro et al., 2015). 
Clarias gariepinus (Burchell, 1822) is an excellent aquaculture species with high commercial value and 
is one of the most enjoyed aquaculture species by Nigerians, in addition to its wide distribution in 
African freshwater ecosystems. However, the length-weight relationship data for this species along 
with other freshwater fish resources of Nigeria are limited (Fafioye and Ayodele, 2018). There are few 
works on the length-weight relationship and condition factor of Clarias gariepinus, particularly in Lake 
Geriyo (Abubakar, 2006). This study therefore aimed at determining the length-weight relationship 
and condition factor of Clarias gariepinus.   

MATERIAL AND METHODS
The research was conducted in Lake Geriyo, Yola-North Local Government Area of Adamawa State, 

A study was conducted to determine the length-weight relationship 
and condition factor of Clarias gariepinus from Lake Geriyo for 8 
weeks (July to August 2023). Sixty (60) fish samples were collected 
from the landing site and were sorted into male and female; twenty-
four (24) males and thirty-six (36) females were weighed and 
measured. Length-weight relationships of males, females and 
combine sexes were calculated using linear regression on log 
transformed data. The regression coefficient, 'b' values for males, 
females and combined sexes indicated negative allometric growth 
patterns of 1.6, 1.9 and 1.8 respectively. The research revealed 
moderate to strong correlations (0.48, 0.62 and 0.56) with significant 
differences (p < 0.05) between length and weight of the males, 
females and combine sexes, respectively, while the values of 1.1 for 
condition factors for males, females and combined sexes were good. 

ABSTRACT

Keywords:
Biology, Isometric and Species 
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 b = The Length exponent (slope)

Nigeria. It lies between longitude 12º and 12º 28� East of Greenwich and Latitude 9º16� and 9º19� 
North of the Equator. Fish sample was identified using identification key (Holden and Reed 1972). 
The specimens were sexed, weighed, and measured. Sex was examined via hand held microscope and 
the external genital features was used as described by Offem et al. (2013).

Data were analyzed using regression analysis. The relationship between length (L) and weight (W) of 
fish was expressed by equation:

Analysis of Length–Weight Relationship

The above equation and data were transformed into logarithms before the calculations were made. 
Therefore,

b
  W= L                (Le-Cren, 1951)a

   Log W = log a + b Log L
Where: 
 W = weight of fish in (g)
 L = Total length (TL) of fish (cm)
 a= Constant (intercept)

 L = Total length of fish in (cm)

Where: 

3  K = (W 100/L  )

The “a” and “b” values were obtained from a linear regression of the length and weight of fish. The 
correlation ®, that is, the degree of association between the length and weight was computed from the 
linear regression analysis:

Linear Regression analysis was used to determine the length-weight relationship (LWR). Correlation 
matrix was used to evaluate the association between morphometric and meristic characteristics of the 
species. All analyses were done at an alpha level of ∞= 0.05. 

The condition factor (k) of the individual experimental fish species was estimated from the 
relationship and calculated for each month using the formulae described by Worthington and Richardo 
(1930) as:

RESULTS AND DISCUSSION 

 W = Weight of the fish in (g)

    R = r2

The length-weight relationships and condition factor (K) obtained for C. gariepinus is illustrated in 
Table 1. The log weights of all the samples, on the Y–axis was plotted against the log values of standard 
length, body weight on the X and Y–axis respectively. These relationships gave straight line graphs with 
their b (growth exponent) values were less than 3 (P<3), which indicates negative allometric growth 
of C. gariepinus from the Lake Geriyo within the study period.
The b-value for this study indicates negative allometric growth pattern. This implies that the rate at 
which body length increases is not proportional to the rate of increase in body weight. That is, the fish 
grow faster in length than in weight. The value obtained for b was 1.8 for the whole population, 1.6 for 
males, and 1.9 for females. This result shows that C. gariepinus exhibits a negative allometric growth (b 
< 3.0) thus, the length increases at higher rate than   the body weight. This finding is in line with 

Analysis of Condition Factor

 K = condition factor
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Abubakar, K. A. (2006). A Study of Aspects of Productivity and Stock Status of Oreochromis niloticus 
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The study revealed negative allometric growth in the length- weight relationship and good condition 
factor of Clarias gariepinus in Lake Geriyo. Further study into water quality parameters of the Lake is 
recommended.
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Table 1: Length-Weight Relationship and Condition factor of Clarias gariepinus from Lake Geriyo from July – August 2023.
Sex

 
N Weight (g) SL (cm) TL (cm) a b R2 K

Range Mn±Sd Range Mn±Sd Range Mn±Sd

Male 24 15.20 – 173.23 63.09±32.03 5.1 – 25.5 14.9.0±4.1 12.00 – 29.70 18.10±3.83 -0.23 1.6 0.48 1.1

Female 36 26.91 – 145.29 69.39±26.00 10.0 – 22.3 15.6±3.1 13.00 – 25.70 18.35±2.69 -0.60 1.9 0.62 1.5

Combine 60 15.20 – 173.23 66.91±28.69 5.1 – 25.5 15.3±5.6 12.00 – 29.70 18.25±3.19 -0.43 1.8 0.56 1.1

n = number of observations

Mn = mean

Sd = standard deviation
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MATERIALS AND METHODS
Data for the frame survey were generated from communities around the reservoir using structured 
questionnaires and interviews with the head of fishers. Total count and listing of all the fishing villages, 

Lakes and reservoirs are invaluable ecological resource that serve many human needs and enhance our 
lives by providing a lot of opportunities. According to Akachukwu et al. (2019), a large proportion of 
the Nigerian population live and rely heavily on the resources of water bodies such as lakes, reservoirs, 
rivers, swamps and coastal lagoons as their source of animal protein and income. The Egbe water 
reservoir is one such water body. Located in Ekiti State, South-West Nigeria, the Reservoir, with a 
water surface area of 272.5 hectares, takes its source from Kwara State and empty into the Osse River 
in Ondo-State (Edward and Ugwumba, 2013). It lies between latitudes 7036'N and 7039' North and 
longitude 5032' E and 5035' East. Built for domestic use and irrigation to the people of Gbonyin Local 
Government Area of the State but also serves as a source of fish protein for a number of members of the 
riparian communities. This potential can be improved upon through the generation and analysis of 
frame-and-catch data of the reservoir to meet the national goal of increase inland fish production and 
food security for better livelihoods of the people. Though some fisheries studies were carried out on 
the reservoir by Edward and Ogwumba (2013), this current study was done to up-scale such studies in 
view of the importance of the fisheries aspect of the reservoir to the riparian communities. A 5-month 
frame and catch assessment survey were undertaken between in 2023 to provide data required for the 
reservoir's optimum exploitation, management and development. 

INTRODUCTION

ABSTRACT
A frame and catch assessment survey of the fisheries resources of 
Egbe reservoir was undertaken for a period of five months (August – 
December, 2023). Two communities were found to be closely 
attached to the reservoir. A total of 57 fishers were recorded to be 
using gillnets, castnets, longlines, malian pot traps, wire traps and 
spears for their fishing activities. Five fish families, Cichlidae, 
Channidae, Clariidae, Hepsetidae and Mormyridae, consisting of 
seven species were recorded. Cichlidae dominated the fish 
population (75.91% by number and 71.66 by weight) and Coptodon 
zillii was the most abundant species. Estimated annual potential fish 
yield was 181.45 metric tons per annum while the actual fish yield 
was 20.41 tons per annum with 11.25% of the fishery resources 
exploited. The few species of fish and their abundance encountered 
in the reservoir indicated that the reservoir is under-exploited and it 
can support increased fish production if proper measures are taken to 
enhance sustainable use of its aquatic resources. 

Keywords:
Egbe reservoir,
fish abundance,
potential fish yield, 
actual fish yield
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While the Potential Fish Yield (PFY) in kilogram per hectare (kg ha1) was predicted using the formula: 

In order to predict a value as the potential fish yield of the reservoir in kg/ha/annum, the Morpho-
Edaphic Index (MEI) method as described by Henderson and Welcome (1974 cited in Edward, 2013, 
p. 260) was adopted. Water quality parameters such as temperature, pH, electrical conductivity and 
the average depth of the reservoir were taken into cognisance. The depth at each sampling station was 
measured using the method of Idowu and Ayoola (2008). The pH and conductivity were measured in-
situ using a digital pH meter Suntex® (model TS-2) and a conductivity meter model DA-I code 1908 
respectively. MEI was computed by dividing the conductivity in micro-siemens per centimeter
( µS/cm) by the average depth in meters (m) of  the reservoirs as follows:

Potential fish yield

 MEI

landing sites, fishers and fishing equipment operating on the reservoir were made following the 
methods of du Feu and Abiodun (1998), Abiodun and Ayanda (2007), FAO (2024) and Ago et al. 
(2020). During the catch assessment, fishers' catches at various landing sites were assessed. Whenever 
a fisher landed with a canoe, fish caught were identified using identification manuals of Idodo-Umeh 
(2003) and Olaosebikan and Raji (2021), and sorted according to species and the gear type used.

A = A raising time factor expressing total number of days that fishing activities take place during the 
month.

  Table 1: Frame data of Egbe reservoir

Current/Actual fish yield

Where Fcap = Fishing capacity (the total number of fishing boats that are potentially operating at all 
fishing sites)
BAC = Boat Activity Coefficient (the probability that any boat will be active on any day during the 
month)

Total catch = Total fishing effort * Catch per unit effort ...........................1

0.447
PFY=23.281x MEI  (Edward, 2013).

Two fishing communities (Egbe and Ode-Ekiti) were found around the reservoir. A total of three 
landing sites were identified. One at Egbe and two at Ode-Ekiti. Table 1 shows the distribution of the 
fishers, their fishing crafts and gears at the existing communities. A total of 57 fishers were 
enumerated. 

RESULTS

Fishing effort = Fcap * BAC * A .................................................................2

To estimate the current/actual fish yield in kilograms per annum, the method of Abiodun et al. (2014) 
was adopted. Thus, the current fish yield was computed as follows:

Frame Survey

  GN= Gill nets, CN=Cast nets, LL=Longlines, MT=Malian traps, WT=Wire traps, S=spare

 conductivity
mean depth

Fishing 

community

No. of 

landing 

sites

No. Fishers Canoe GN CN LL MT WT S

Ode-Ekiti 2 37 45 280 12 57 708 2879 9

Egbe 1 20 15 100 7 20 300 1000 4

Total 3 57 60 380 19 77 1008 3879 13
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Table 2 shows a total of 7 fish species from 5 families were recorded at the reservoir. The family 
Cichlidae was the most abundant family contributing 75.91% by number and 71.66% by weight of the 
total fish caught on the reservoir; while Mormyridae was the lowest abundant family accounting for 
0.58% and 0.15% in terms of number and weight respectively.

  Sixty (60) wooden canoes were counted. Fishing gears recorded include: 380 gillnets, 19 castnets,       

Catch Assessment

  77 longlines, 1008 Malian traps, 3879 wire traps and 13 spares.

Daily Total Catch (kg) = [Daily average no. of fishers x CPUE]  
This is thus calculated:

Annual Catch = Daily Total Catch (kg) x 27days x 12months

In the course of this study, interactions with fishers on the reservoir revealed that an average of 10 
fishing units operate per day on the reservoir. Fishing activities are said to take place for an average of 27 
days in a month. Catch per unit effort (CPUE) is found to be 6.3kg per fisher per fishing day. 
Production per annum can therefore be estimated from the catches of the average of ten fishers 
operating daily on the reservoir. 

Current Fish Yield per annum of the reservoir = 20 412kg per annum. This is equivalent to 20.41 
metric tons per annum.
Potential Fish Yield of Egbe Reservoir

  = 6.3 x 10 x 27 x 12 = 20 412kg

The potential fish yield per annum of Egbe reservoir is estimated using the Morpho Edaphic Index 
(MEI) prediction technique of Henderson and Welcomme (1974). The technique has gained 
recognition as a tool for predicting fish yield in lakes and reservoirs in all regions and for providing a 
quick evaluation of potential yield. It was used by Ovie et al. (2011 and 2015) and Ago (2019). The 
MEI is calculated by dividing the total dissolved solids or conductivity (µS/cm) by the average depth 
(m) of the water body as follows:
 MEI=

Table 2: Fish composition, abundance and weight (Wt) on Egbe reservoir Current Fish Yield
of Egbe Reservoir

Family/Species No % No Wt(kg) %Wt Mean Weight 

(kg)

Cichlidae

Oreochromis niloticus 540 19.65 23.12 14.78 0.043

Coptodon zilli 1 072 39.01 57.91 37.01 0.054

Sarotherodon galilaeus 474 17.25 31.1 19.87 0.066

Channidae

Parachana obscura 56 2.04 6.71 4.29 0.120

Clariidae

Clarias buthupogon 379 13.79 14.5 9.27 0.038

Hepsetidae

Hepsetus odoe 211 7.68 22.91 14.64 0.109

Mormyridae

Mormyrops anguilloides 16 0.58 0.23 0.15 0.014

Total 2 748 100.00 156.48 100.00

conductivity
Mean Depth

45.6
6.53 6.98==

 0.447 0.447 kg ha-1 
Potential Fish Yield (PFY) = 23.281 x MEI  = 23.281 X 6.98  = 55.49 

933



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

CONCLUSION
Egbe reservoir is one of many water resources that can be branded “under-utilised”. A resource with 
such magnitude and quality of water can be improved upon for better fisheries production in addition 
to provision of portable water which is the primary purpose for its creation. A fish species diversity of 
seven species is considered low when compared with similarly active reservoirs. From the present 
study, an actual fish yield of 20.41 metric tons was estimated per annum and potential fish yield of 
181.45 metric tons per annum was predicted for the reservoir. This implies that only 11.25% of the 
reservoir is exploited for its fisheries resource. Although this figure is higher when compared to the 
4.8% obtained by Edward (2013), a lot can be done to improve the fisheries of Egbe reservoir for the 
benefit of the riparian communities and the country at large.

With regard to species diversity, the family Cichlidae had the highest diversity with three species 
namely: Oreochromis niloticus, Coptidon zillii, and Sarotherodon galilaeues. They also formed the 
most abundant species in terms of number and weight. This success of the cichlids in the reservoir is 
not surprising as the family Cichildae is said to dominate many tropical freshwater bodies under 
uncontrolled conditions (Edward, 2013) also attributed the preponderance of cichlids to their ability 
to thrive on a wide range of food items and their prolific breeding nature. The families Channidae, 
Clariidae, Hepsetidae and Mormyridae had one variant each namely Parachana obscura, Clarias 
buthupogon, Hepsetus akawo and Mormyrops anguilloides, respectively. The fish species diversity in 
this study can well be compared with the findings of Edward (2013) that revealed five families and 
eight different fish species from the same reservoir. This diversity index is however low compared to 
the findings of Yem et al. (2016) from a similar water body.
There seemed to be a decline in the water conductivity of the reservoir when compared to the findings 
of Edward (2013) who revealed a conductivity as high as 231�S/cm while only 45.6�S/cm was 
recorded in the present study. This is not impracticable as water quality conditions are subject to 
alteration with the slightest change in atmospheric weather and edaphic conditions. The differences in 
conductivity figures from the two studies conversely led to the different potential fish yields predicted 
for the same reservoir. No significant difference was noticed in the actual fish yield. 

DISCUSSION
Egbe water reservoir can justly be classified as a small waterbody having a small-sized fishery. With a 
total surface area of 272.5 hectares (<3km2) (Edward, 2013), only two permanent fishing 
communities were found to be closely attached to it and a total of 57 fisherfolks were also found to be 
operating on the reservoir. However, with the recommendation of a density of two (2) full-time fishers 
per square kilometre, not more than 6 full-time fishers would be permitted on the reservoir. Based on 
this hypothesis therefore, the reservoir can be regarded as been over-flocked with 57 fisherfolks 
majority of whom used below the recommended mesh-sized nets (<76.2mm) on the reservoir. This is 
enough reason to cause the generally small sizes of fish that were observed to predominate the fishery 
of the reservoir. Parachana obscura (0.120kg) and Hepsetus odoe (0.102kg) formed the mean size of 
the fishes recorded in the course of this study (Ago et al., 2020).

Potential Fish Yield Per Annum =
-1PFY IN Kgha  x surface area of Egbe Reservoir(ha) x 12

1000

55.49 x 27.5 x 12

1000
= 181452.3

1000

= 181.45 metric tonnes per annum

Percentage exploitation of Egb reservoir= 20.41 Mt

181.45 Mt
x 100 = 11.25%

% Unexpected = 100 -11.5 = 88.75%
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INTRODUCTION
Nile Perch (Lates niloticus) is native to Africa particularly East and West African water bodies (Asnake, 
2018). It is a member of the Latidae formerly Centropomidae. L. niloticus is a carnivore unique to 
Northern Nigeria (Kahwa, 2013). This fish species has excellent bone-free white flesh/meat that is 
rich in protein and vitamins including omega-3 which is vital for human consumption, nutrition, 
wellbeing and development due to these the flesh is widely accepted by many people and distributed 
global. Its weight and length so far reported were 200 kg and two meters respectively, good fish for 
aquaculture development (Asnake 2018).
The Challawa-Gorge Reservoir and River Hadejia are considered to be rich with L. niloticus and other 
fisheries resources. For fish in their natural habitats to evolve and be available for future generations, 
morphometric variety is essential (Xia et al., 2015). Morphometric measurements are widely used to 
identify differences between fish populations and have received increased attention in stock 
identification (Specziar et al., 2009). Various studies have been conducted on the population 

Keywords:
wellbeing; Morphometrics;
Lates niloticus; Challawa-Gorge
Reservoir; River Hadejia

Morphometric Correlation, Length-Weight relationship and 
condition factor of Lates niloticus from Challawa-Gorge reservoir 
and River Hadejia, Nigeria were evaluated from July 2022-March 
2023. Fish samples were collected and identified from two water 
bodies, then morphometric characters were measured, and the 
length-weight relationship and condition factor were evaluated. The 
relationship between the total weight and all measured characters 
indicated a strong positive relationship in both water bodies, 
however, the coefficient of correlation (r) was higher in River Hadejia 
than in the Challawa-Gorge reservoir.  An isometric growth pattern 
of Lates niloticus was observed in both the water bodies (b = 3.0337 
and 3.0029) Challawa-Gorge and River Hadejia respectively and a 
mean condition factor of 1.13 (Challawa-Gorge Reservoir) and 1.24 
(River Hadejia). Conclusively, a strong positive correlation exists 
amongst all measured characters of Lates niloticus in Challawa-
Gorge reservoir and River Hadejia, River Hadejia with stronger r than 
Challawa-Gorge reservoir. Moreover, Lates in both water bodies has 
isomeric growth patterns, and higher condition factors exist in River 
Hadejia than in the Challawa-Gorge reservoir.   Fisheries 
management interventions It is therefore recommended to prevent 
over-exploitation of Lates niloticus for future catch in Challawa-
Gorge reservoir and River Hadejia because the majority of the fish 
population was small-sized.

ABSTRACT
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The morphometric relationship of Lates niloticus population was evaluated, indicating a strong 
positive relationship in total weight TW to TL, SL, HL, PL, and PD, in both water bodies (Figure 1), 
however, fish morphometric relationship values (coefficient of correlation (r)) in River Hadejia was  
higher than the Challawa-Gorge Reservoir, this finding corroborates Kosai et al. (2014), it might be 
due to the least growth changes in those parameters over the fish size, and River Hadejia has no 
embankment while  Challawa-Gorge Reservoir has embankment. 

Data Analyses 

The Gorge Reservoir is located at 8006'58.04''E latitude 11041'21.95''N longitude in Karaye Local 
Government of Kano State in the Northwest of Nigeria, about 90 km southwest of Kano city. It is a 
major Reservoir on the Challawa River, a tributary of the Kano River, while Kano River is the main 
tributary of the Hadejia River (Etiosa, 2009). River Hadejia is located (longitude 12.65N and latitude 
10.64E) in Jigawa state, Northwest of Nigeria. The river forms along with Nguru Lake and is now 80% 
controlled by the Tiga and Challawa-Gorge Reservoirs in Kano state (Kabir et al., 2021). 

The data were logarithmically transformed to stabilize the variance that could result from size-
dependent weight measurements. Fish morphometrics was subjected to correlation. The exponents 

b(b) of LWR were tested for departure from isometry b=3) using W=a L  (Pauly, 1983) where W = 
weight of fish samples, L=total length of fish samples a= intercept= b= regression coefficient. 
Condition factor (K) was determined using K = 100W/L3 where K= condition factor, W= total 
weight (g), L = total length (cm) and 3 = the cubic relationship between length and weight  R-studio 
and Microsoft Excel packages were used to run all analyses.

characteristics (length-weight relationship, condition factor, biology and abundance) of different fish 
species from different water bodies in Nigeria (Kabir et al., 2021; Kosai et al., 2014; Nazeef and 
Abubakar, 2013; Haruna 2006; Omoniyi and Agbon, 2004). However, the scarcity of information that 
exists on the L. niloticus, hinders the development of selective breeding programs. The present study 
will be useful in decision-making in the management and conservation of fisheries resources. This 
study therefore aims in provide a broader diversity of knowledge on the morphometric correlation, 
length-weight relationship and condition factor (phenotypic characteristics) of the two different 
populations of L. niloticus in both reservoir and river systems that could be used when designing 
conservation measures.

Sample Collection 
A total of one hundred and twenty-three Nile Perch were purchased from fisherfolks at the landing 
sites of the water bodies for nine (9) months. The Fish samples were immediately identified using field 
guide of Olaosebikan and Raji (2013), and morphometric characters (Total Length (TL), Standard 
Length (SL), Body Depth (BD), Caudal fin Length (CFL), Head Length (HL), Dorsal Fin Length 
(DFL), Peduncle Length (PL), and Peduncle depth (PD)) were measured to the nearest 0.1cm using 
centimeter ruler with the exception Total weight (TW) which was measured to the nearest 0.01 g using 
a digital balance. 

MATERIALS AND METHODS

RESULTS AND DISCUSSIONS

Study Area
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(b)

Figure 1: Correlation matrix of the measured morphometric characters of Lates niloticus population in 
(a) Challawa-Gorge Reservoir (b) River Hadejia
The length-weight relationship and condition factor for both Challawa-Gorge Reservoir and River 
Hadejia were determined. The L. niloticus populations from both the water bodies showed an 
isometric growth pattern with values of regression slope b = 3.0337 and 3.0029 for Challawa-Gorge 
Reservoir and River Hadejia respectively, (b = 3) (Figure 1 and 2). This result obeys the cube law 

3W=L  that is, the weight of the fish increases in proportion to the cube root of its length and 
corroborates Kabir et al. (2021); but the present study is in contrast with the records Dambatta et al. 
(2017) in Wudil River, Kano, which may be due anthropogenic and environmental factors prevailing in 
the aforementioned water body. 
The Condition Factor (K) for the L. niloticus population differed significantly (p<0.05) among the 
populations, with 1.13 (Challawa-Gorge Reservoir) and 1.24 (River Hadejia) while the lowest value 
was obtained in Challawa-Gorge Reservoir (Figure 3). This finding agrees with the ranges 
recommended by Ujjania et al. (2012), stating that a condition factor ≥ 1 is good, indicating a good 
level of feeding and proper environmental conditions
(a)  (b)

Figure 2: Length-Weight relationship of Lates niloticus in (a) Challawa-Gorge Reservoir (b) River Hadejia

Key: CGR- Challawa-Gorge Reservoir, RH- River Hadejia
Figure 3: Condition Factor of Lates niloticus from Challawa-Gorge Reservoir and River Hadejia
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SPECIES ASSEMBLAGE AND LENGTH-WEIGHT RELATIONSHIP OF Chrysichthys 
nigrodigitatus FROM CROSS RIVER SYSTEM, ITU, NIGERIA
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Department of Fisheries and Aquatic Environmental Management, Faculty of Agriculture, 
University of Uyo, Uyo, Akwa Ibom State, Nigeria.

INTRODUCTION
The dietary component, nutritional value, and socioeconomic relevance of fish worldwide makes it one 
of the most sought-after natural food resources. However, fisheries stock decline in different parts of 
the world due to overexploitation, environmental degradation, and pollution threaten their 
sustainability (Coll et al., 2010). Fisheries resources constitute a vital economic value for nations 
around the world, especially maritime. On the other hand, efforts to sustain a healthy marine 
environment and preserve fisheries resources yielded unfruitful results thereby making fisheries stock 
collapse inevitable (Tsikliras et al., 2015). 
Determining species assemblage and length-weight relationship is critical for fisheries ecological 
studies and biometric assessment. It provides information about the biological and ecological 
conditions influencing the well-being of the fish species (Udoh and Okon, 2017; Jacob et al., 2023).  
Species assemblage and length-weight relationship have been reported in different parts of the world 

Species assemblage and length-weight relationship evaluation 
provide ecological and management information for fisheries 
sustainability. Species assemblages and the length-weight 
relationship of Chrysichthys nigrodigitatus were evaluated from the 
Cross River system Itu, Nigeria. 162 fish Samples were collected 
from January - May 2024 from artisanal fishermen's landings and 
analyzed for species assemblage and length-weight relationship. The 
highest species assemblage was Chrysichthys nigrodigitatus 
consisting of 72 individuals, while the lowest was Chrysichthys 
walkeri and parachanna obscura with 3 individuals each. The mean 
total length and body weight recorded were Oreochromis niloticus 
(18.52±0.67cm and 135.30±16.37g); Chrysichthys nigrodigitatus 
(28.29±0.98cm and 210.16±19.66g); Clarias gariepinus 
(20.77±1.67cm and 40.39±3.12g); Cynoglossus senegalensis 
(31.31±1.23cm; and 102.33±11.78g). Length-weight relationship 
results revealed that Chrysichthys walker, Oreochromis niloticus, 
Chrysichthys nigrodigitatus, Pomadasys peroteti, and Ethmalosa 
fimbriata had negative allometric growth (b<3) while parachanna 
obscura has positive allometric growth (b>3). However, 
Cynoglossus senegalensis had the lowest condition factor k (0.32) 
while Oreochomis niloticus had the highest condition factor k (2.03). 
Family Clarotidae had two species while others had one each. This 
study provides baseline information on species assemblage and 
length-weight relationship of Chrysichthys nigrodigitatus from the 
cross-river system which is critical for establishing monitoring and 
management programmes for freshwater fisheries in Nigeria.

ABSTRACT

Keywords:
Fish ecology, Ichthyofaunal
assemblage, Chrysichthys
nigrodigitatus, Condition
factor, Cross-river system,
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Cross River system is located in South-South Nigeria between longitude 7o 30' and 9°30' North and 
latitude 4°30' to 7°15' East (Fig. 1). The area is marked by North-South movement of maritime 
(Atlantic) and dry continental (Sahara) air masses which creates distinct dry and wet seasons in the 
area (Jacob et al., 2023; Isangedighi et al., 2024). The predominant human activity in this area includes 
farming, fishing, and commercial activities. This area's maximum temperature and annual rainfall are 
between 26-28°C and 362.5mm, respectively (Opeh and Udo, 2017).

A total of 162 fish samples belonging to eight families and nine species were collected from commercial 
catches of artisanal fishermen from January - May 2024. Fishing gear used by the fishermen includes 
gill nets, seine nets, cast nets, hooks, fish, and bamboo traps. Each sampling was carried out between 
08:30 am and 4.30 pm Nigerian time. Thereafter, the Fish were transported in an ice chest to the 
Department of Fisheries and Aquatic Environmental Management University of Uyo, Uyo, Nigeria for 
sorting, identification, and morphometric measurement. The total body weight (BW) and the total 
length (TL) of each fish were measured to the nearest 1g and 1cm respectively. Fish identification was 
carried out using the identification key guide of Nigerian freshwater fishes (Olaosebikan and Raji, 
2013).

(Özvarol 2014; Rimel et al., 2015). In the cross-river system, fisheries research has focused mainly on 
the toxicity profile of the river sediment and fish muscle (Isangedighi et al., 2024; Odoemelam, et al., 
2020). Furthermore, a further scientific databases searches revealed scarce information on species 
assemblage and length-weight relationship of Chrysichthys nigrodigitatus inhabiting cross-river 
systems. This study is aims to provide and update existing scientific information on species assemblage 
and length-weight relationship of Chrysichthys nigrodigitatus inhabiting the cross-river system, Itu, 
Nigeria.

MATERIALS AND METHODS

Length-weight relationships
The log transformation formula (Le Cren, 1951) was used to establish the LWRs equation W = a Lb. 
This was used to estimate the relationship between the total body weight (g) of the fish and its total 
length (cm). Using the linear regression of the log-transformed equation: log (W) = log (a) + b log (L), 

Figure 1: Map of the Study area
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Statistical analysis

the parameters a and b were calculated with 'a' representing the intercept and 'b' the slope of the 
relationship.

Data were analyzed using IBM SPSS statistics version 25. To investigate the LWRs data, ANOVA was 
used to evaluate the statistical significance of the regression model detected when P < 0.05 (Gökçe et 
al., 2010). The b-value was assessed according to the established convention b < 3 (negative allometric 
growth), b = 3 (isometric growth), and b > 3 (positive isometric growth) (Yilmaz et al., 2012).

Table 1. Showed results of the species assemblage and length-weight relationship, and growth of 
Chrysichthys nigrodigitatus. The total length of Oreochromis niloticus varied between 15.5 - 23.5cm 
(18.52±0.67cm) and the weight also varied between 76.30 - 247.55g (135.30±16.37g). The 
condition factor, k, was 2.03, and the b value was 2.85. 

RESULTS 

The total length and the body weight of Chrysichthys nigrodigitatus ranged between 16.1 - 49.2cm 
(28.29±0.98cm) and 15.00 – 900.00g (210.16±19.66g), and the k and b value was 0.83 and 0.83 
respectively. Chrysichthys walkeri has a total length and body weight range from 20.5 - 27.1cm 
(22.73± 2.18cm) and 143.02 - 81.82g (106.03±37.71g), the condition factor, k, was 0.83 and b value 
was 2.82. In Clarias gariepinus the total length ranged between 14.1 - 25.4cm (20.77±1.67cm) and 
the body weight ranged between 12.0 - 121.1g (40.39±3.12g) and the respective k and b value were 
1.51 and 3.28. 

DISCUSSION
Species assemblage and length-weight relationship evaluation provide valuable scientific information 
on the biology, physiology, ecology, population dynamics, and stock assessment which is imperative for 
life histories of the same species in different regions (Epler et al., 2009). Information derived from 
species assemblage and the length-weight relationship of Chrysichthys nigrodigitatus can be applied to 

I: Isometric; -A: Negative Allometric; +A: Positive Allometric; b= exponent; a=intercept

Table 1: Length-Weight Relationship Parameters, Body Condition Factors values and growth pattern 

 

 

 
Family  Species No Length (cm) Weight  (g) a b r2 K Growth 
Ciclida
e

Oreochromis 
niloticus 

14 18.52±0.67
(15.5 - 23.5)

135.30±16.37
(76.30 - 247.55)

3.12 2.85 0.8873 2.03 -A

Clarotei
dae

Chrysichthys 
nigrodigitatus 

72 28.29±0.98
(16.1 - 49.2)

210.16±19.66
(15.00 – 900.00)

2.74 0.83 0.6036 0.83 -A

Chrysichthys 
walkeri 

3 22.73± 2.18
(20.5 - 27.1)

106.03±37.71
(58.88 - 180.6)

2.83 2.82 0.981 0.83 -A

Clariida
e

Clarias 
gariepin
us 

8 20.77±1.67
(14.1 - 25.4)

101.60±13.66
(143.02 - 81.82)

0.85 3.28 0.0827 1.51 +A

Cynogl
ossidae

Cynoglossus 
senegalensis

12 31.31±1.23
(23.0 - 37.0)

102.33±11.78
(35.98 - 163.25)

2.23 1.90 0.9616 0.32 -A

Sciaeni
dae

Pseudotholith
us 
senegalensis

24 17.38±0.40
(14.2 - 22.8)

45.77±5.91
(19.35 - 152.98)

2.42 2.85 0.6095 0.81 -A

Haemulidae Pomadasys 
peroteti 

15 15.99±0.43
(13.7 - 20.3)

59.42±7.30
(23.98 - 137.31)

2.80 2.04 0.9502 1.37 -A

Doroso
matidae

Ethmalosa 
fimbriata 

11 16.59±1.25
(12.4 - 27.8)

60.94±20.19
(20.93 - 256.50)

2.75 1.99 0.9515 1.08 -A

Channi
dae

parachanna 
obscura 

3 28.33± 2.26
(24.9 - 32.6)

247.46±91.45
(141.49-429.56)

3.66 3.64 0.941 0.99 +A
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the sustainable management of ichthyofaunal species in tropical and subtropical freshwater systems. 
The estimated length-weight relationship parameters (a and b), the coefficient of variation (r2), and 
the growth pattern are shown in Table 1. Based on the b-value and its statistically significant difference 
(P < 0.05), the growth type is identified as isometric growth (I) for b = 3, positive allometric growth 
for b > 3, and negative allometric growth for b < 3. Chrysichthys walkeri and Pseudotholithus 
senegalensis had b = 3 indicating isometric growth pattern. Chrysichthys nigrodigitatus, Clarias 
gariepinus, Cynoglossus senegalensis, Pomadasys peroteti, and Ethmalosa fimbriata had a b < 3, which 
indicates a negative growth pattern. Oreochromis niloticus and Parachanna obscura exhibited b > 3 
indicating a positive allometric growth pattern. These results did not agree with the report of Abowei 
(2009) on Hepsetis odoe from the Nkoro River, Niger Delta, Nigeria. This may be due to the variations 
in the sampling period, sampling location, and study season. Froese (2006) reported a b-value of 
2.5235 for Diplodus puntazzo which indicated a negative allometric pattern that was similar to the 
value recorded for Chrysichthys nigrodigitatus, Clarias gariepinus, Cynoglossus senegalensis, 
Pomadasys peroteti and Ethmalosa fimbriata in this study. However, variation in the growth pattern of 
a species usually occurs among individuals of the same population over a short or long period due to the 
availability of food (Ricker, 1975); water quality, biological, temporal, and sampling factors (Mehanna 
and Farouk, 2021). It is important to note that sampling factors of the catchment area, fish community, 
fish weights as measured in each work, and time of collection, as well as the laboratory personnel and 
instrument errors, can contribute to the result of the study (Evelyn, 2023).
Increased food availability and favourable environmental conditions usually result in increased tissue 
growth, and energy storage in the muscle tissue and liver with an attendant increase in the length and 
weight of the fish. This favourable condition always resulted in an increased relative condition factor, k 
(Busacker et al., 1990). Condition factor remains an integral fisheries analysis tool roughly used to 
assess fish condition, state of nutrition, fitness, and body physiological, starved or fed, spawned or 
spent, healthy or unhealthy (Busacker et al., 1990). Condition factor, k ≥ 0.5 indicates the fish is in 
good condition (or high nutritional state). Therefore, in our study, only Cynoglossus senegalensis had a 
k-value less than 0.5 indicating poor habitat conditions. Other fish species had a k-value greater than 
0.5 indicating favourable habitat conditions. Environmental factors, food supply, and parasitism may 
have a strong influence on fish health (Le Cren, 1951). Low feeding intensity and degeneration of 
ovaries may lead to low k value in fish in some seasons, while high k values could be attributed to high 
deposition of fats as preparation for the spawning season. A population and a species cannot express 
constant condition factors over a long time. Variations usually occur due to both biotic and abiotic 
factors such as feeding regime and stage of gonadal development. Transfer of energy to gonads 
development during reproduction in certain stage of fish life history might lead to decreased condition 
factor, k (Lizama et al., 2002). Other factors such as season of the year, availability of prey organisms, 
growth, maturity, and stomach fullness have a profound influence on fish condition factor, k, value. 

A study on LWR and condition factors is important to understand the health status of commercially 
important and recreational fishes. In this study, the three growth patterns namely isometric growth, 
positive and negative allometric growth pattern, were recorded. The present study revealed a mixed 
response to ecological conditions by the different fishes. The results also had some variations from 
previous studies related to length-weight relationship in fish from Nigeria and other part of the world, 
in response to change in biological, physiological, and environmental factors. The results of this study 
are critical in understanding the effects of environmental and human-induced effects on fish. 
Furthermore, this study provides significant information for fish stock assessment in the Cross River 
system, Itu, Nigeria.  

CONCLUSION  
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INTRODUCTION

According to the FAO (2013), out of 1.9 million people engaged in fishing and about 98% belongs to 
the artisanal sector. However, this sector is characterized by low technology, lack of modern equipment 

Lakes are invaluable ecological resources that serve many human needs and, therefore, enhance our 
lives by providing a lot of opportunities. This explains why a large proportion of the Nigeria population 
lives near water bodies such as lakes, reservoirs, rivers, swamps, and coastal lagoons. Many depend 
heavily on the resources of such water bodies as their main source of animal protein and family income 
(Haruna et al., 2006)
Catch Assessment Surveys (CAS) are conducted to obtain reliable current estimates of the total 
quantity of the fish harvested by fishers. Species composition and fishing efforts involved in the catch 
are considered as secondary objectives while frame surveys among other things provide reliable 
estimates of changes in the size and structure in the fishing industry over time. 

Freshwater fisheries provide benefits such as food to the people in developing countries. They 
provided a livelihood and income for millions of the world's poorest people, and also contribute to the 
overall economic wellbeing of many developing countries by means of export commodity trade, 
tourism and recreation (World-Fish Centre, 2002). Nigerians are high fish consumers with total 
consumption figures of about 1.5 million metric tones, out of which about 700,000 metric tonnes is 
imported (FAO, 2013).

ABSTRACT
Lake fisheries play a vital role in the provision of fish protein to the 
people of Feferuw Nasarawa State. However, for several years, 
dwindling catches from these resources have become common 
knowledge. The study was conducted in the Feferuwa Lake, Lafia 
East of Nasarawa State, Nigeria to mainly assess fish communities, 
fish catches, fishers and gears and crafts used in the Lake. Six (6) 
landing sites or fishing villages, 192 fishers, 9 motor canoes and 145 
canoes without engine were recorded. The fishing villages identified 
are Gidan Atla, Chan Kusu, Gidan Jidan, Tunga Nupawa, Tunga 
Daudu and Gidan Dogo. The fishing gears identified with fishermen 
are gillnets, cast nets, trawl nets, fyke nets, Malian traps and hooks 
and lines. The study revealed seventeen (17) fish species belonging to 
eight (8) families in the lake. Catches were dominated by the family 
Cichlidae 6938 (85.80%) with Oreochromis niloticus being the 
predominant species (42.68%), followed by Claridae 551(4.03%), 
Schilbiade 531 (5.97%) while the family with lowest abundance was 
Gymnarchidae 23 (0.17%). Fish catches were generally poor as a 
result of increasing number of fishers, therefore, closed season of 
fishing should be considered to promote spawning and growth of fish.

Keywords:
Frame Survey, Catch
assessment Survey, Lake
Feferuwa, Lafia, Nasarawa
State
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and low fund, resulting in labour intensiveness with little or no opportunities to expand. Fish is the 
cheapest source of animal protein to humans, therefore, there is need to protect and manage the 
fisheries industry. In order to do this effectively, detailed knowledge of artisanal fisheries is of great 
importance. Due to the varied habits and habitat of the fish species peculiar to water bodies, assorted 
arrays of fishing gears are equally employed to catch them (Abdul, 2005).

Method of Data Collection 

MATERIALS AND METHODS
Description of Study Area

Feferuwa Lake is the largest natural lake in Nasarawa state and has highest fish species composition and 
abundance based on survey carried out by Ita et al. (1979). But most of the species are threatened and 
catches by fishermen are decreasing justly as reported by fishermen fishing in the Lake. This study, 
therefore, aims at investigating the status of fishery resources of the lake in order to proffer fishing 
management practices that will reduce overexploitation of the lake fisheries.

Lake Feferuwa is located between longitude 8˚50, East and latitude 8˚40, North. It is 40km east of 
Lafia Local government in Nasarawa state, Nigeria. The lake is approximately 7.5km long and 1.25km 
wide at its widest point during wet season. Feferuwa Lake originated from springs both outside and 
within Lafia Local government Area. The water flows through a flood plain area before emptying into 
Lake Feferuwa through a thickly vegetated inlet channel. The inlet channel of the lake (a continuation 
of River Feferuwa), flows into River Gwanyaka, which is a tributary of the River Dep. The River Dep 
flows into the Benue River at the southern eastern corner of the Awe grazing reserve in southern 
Nasarawa State.

Data for the study were collected through catch composition assessment surveys from the month of 
January to July, 2023. The frame assessment survey was carried out by going round the entire lake to 
identify the fishing community, number of fishers, and the fishing crafts and gears employed by fishers 
in the lake.
The catch assessment survey was conducted twice a week from January to July 2023, at the landing 
sides. All fish species landed were sorted according to species, counted; weighed, using weighing scale. 
Genus and species identification of all fishes caught was carried out using the revised edition of 
Olaosebikan and Raji (2013) and Idodo-Umeh (2003).

RESULTS AND DISCUSSION

Descriptive statistics were used to analyze data collected from the study. The descriptive statistical 
tools include percentage and bar charts. 

The result of frame survey carried out in the Feferuwa Lake is presented in Table 1, while the fishing 
villages identified is shown in Figure 1. Six fishing villages namely, Tunga, Nupawa, Tunga Daudu, 
Gidan Dogo, Gidan Jidan, Gidan Atla and Chansu Kusu were identified around the lake. A total of 9 
motorboats and 105 canoes without engines were recorded in the six villages, with Tunga Nupawa 
having the highest number of boats (43 boats), while Gidan Atla has the least number (8 boats). A total 
number of 192 fishers were recorded, with Gidan Dogo having the highest number of 60 fishers, 
followed by Tunga Nupawa with 40 fishers, while Gidan Jidan has the lowest number of 15 fishers. The 
fishing gears used in the fishing villages included gill nets, cast nets, trawl nets, fyke nets, trammel net, 
wire traps, malian traps, hooks and lines.

Statistical Analysis 
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Table 1: Result of frame survey showing the distribution of fishing activities on Lake Feferuwa 

Table 2 shows the result of catch assessment indicating fish families/species caught, number caught, 
weight and percentage composition.  A total number of 8065 fish belonging to 8 families and 17 
Species were caught by fishermen, identified and recorded during the study period. The result 
revealed that the family Cichlidae has the highest number of four (4) species followed by the families 
Clariidae, Mormyridae and Schilbide which had three (3) species each while the families Citharinidae, 
Gymnarchidae, Centropomidae and Polypteridae had one (1) Species each. The table shows that the 
species Oreochromis niloticus of the family Cichlidae had the highest composition (42.68%) followed 
by Tilapia zilli with 23.20% and Sarotherodon galillaeus with 18.51% species composition. 
Gymnarchus niloticus of the family Gymnarchidae had the lowest composition of 0.17%. The result 
further shows that Cichlidae had the highest percentage weight of 96.86%, followed by Clariidae with 
2.62%, while the least were Centropomidae and Gymnarchidae with 0.01% respectively.
 
Table 2: Result of catch assessment survey from Lake Feferuwa showing fish families/species, number, 
weight and percentage composition.

S/No Fishing villages Fishers Motor Canoes 

(MC)

Canoe without 

engines (CE) 

Types of gears used

1 Tunga Nupawa 40 3 40 Trammel nets, hook and 

line, Malian net, gillnet and 

drag net

2 Tunga Daudu 32 5 30 Cast nets and gill net 

3 Gidan Atla 25 1 7 Malian tracks, trammel net 

and gillnet

4 Gidan Dogo 60 - 33 Gillnets, dragnets, hooks 

and line

5 Gidan Jidan 15 - 7 Fyke  nets, gillnet, cast net 

and Malian trap 

6 Chan Kusu 20 - 58 Malian traps /wire 

trap/hook and line

Total 192 9 145

Fish family species Number Weight 

(Kg)

% Composition % Weight

Cichlidae 

Sarotherodon galillaeus 2574 199.8 18.51 6.17

Oreochromis niloticus 5934 474.6 42.68 14.64

Tilapia Zilli 3226 2462.4 23.20 75.98

Tilapia marie 204 2.24 1.47 0.07

Sub total 6938 3139.04 85.80 96.86

948



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Figure 1 gives the abundance of the eight fish families identified; Cichlidae (6938), Clariidae (551), 
Mormyridae (350) Schilbidae (531), Citharinidae (107) and Polypteridae (80) has the higher fish 
abundance, respectively, while the remaining families Centropomidae (25) and Gymnarchidae (23) 
has the lowest fish abundance.

Claridae

Clarias gariepinus 234 81 0.53 2.50

Heterobranchus longifilis 208 2.50 2.25 0.08

Clarias anguliaris 109 1.30 1.25 0.04

Subtotal 551 84.8 4.03 2.62

Mormyridae

Mormyrus anguilloides 90 1.12 0.65 0.03

Hyperopisus bebe 85 1.00 0.61 0.03

Mormyrus rume 175 2.14 1.26 0.07

Sub Total 350 4.26 2.52 0.13

Schilbidae

Schillbe mystus 304 2.54 2.19 0.11

Schillbein termedius 326 3.83 2.34 0.12

Eutropius niloticus 201 2.36 1.45 0.07

Sub Total 531 8.73 5.97 0.30

Citharinidae

Citharinus citharus 107 2.27 0.77 0.07

Centropormidae

Lates niloticus 25 0.30 0.18 0.01

Gymnarchidae

Gymnarchus niloticus 23 0.25 0.17 0.01

Polypteridae
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The results of this study showed a decline in trend, both in frame and catch survey compared to the 
records of Ita et al., (1979) in the same Lake feferuwa. A total of six active fishing villages were 
identified in this study, which is in contrast to the 13, recorded also there was reduction in numbers of 
Boats and fishers in the lake as compared to report by Ita et al., (1979). This is likely due to the 
reduction in catches that could have arisen from over-exploitation by the fishers over the years, it could 
also be the reason some villages abandon the occupation to crop farming. Even in the active fishing 
villages, most of the fishers engage in fishing on a part-time basis due to low catch in recent years. The 
alternation in the habitat of the lake ecosystem is another factor that may have led to low catches by the 
fishers as most of the breeding ground for the fish species has been cleared for arable crops like rice and 
sugar cane.
Ita et al., (1979) recorded 19 families, and 42 species, but only eight families and 17 species were 
recorded in this study. The current study showed a declined trend both quantitatively and qualitatively. 
The result is also in line with the work of Balogun (2005), who reported a decreasing number and 
weight of fish caught by fishers on Kangimi reservoir. In Lake Feferuwa, majority of the fishers used gill 
net for catching fish and this corresponds to the work by Ita et al. (1979). The gill net method is widely 
used in artisanal fisheries in developing countries because they are efficient, relatively inexpensive and 
capable of catching higher amount of commercially valuable species (Valdez-pizzini et al., 1992). The 
total number of 17 species, belonging to eight different families recorded in the present study is similar 
to 19 different fish species belonging to nine different families caught by artisanal fishers in Lake 
Kangimi, Kaduna State (Balogun and Auta, 2001). Abdul (2005) reported 26 species in River Benue 
around Boronji Area; Balogun, (2005) recorded 18 species in Kangimi Reservoir; 31 species were 
identified by Gregory et al. (2009) in Anambra River Basin; Nazeef and Abubakar (2013) reported 15 
species in Dadin Kowa Dam, Gombe State; Solomon et al. (2017) recorded 27 species belonging to 16 
families in Lake Klagwai, Jigawa State; while Hassan (2017) also recorded 11 species in Doma Dam, 
Nasarawa State. The Cichilidae family dominated the catches in the Lake Feferuwa during the period 
of the current study, particularly Saratherodon gallileaus, Oreochromis niloticus and Tilapia zilli. This 
might be attributed to their prolific breeding habit, voracious feeding, herbivores nature and less 
predation.

CONCLUSION 
The gradual decline in fish species, families, number and weight of fishes in Lake Feferuwa are 
probably due to alternation of habitat and overfishing as compared with the report of earlier studies 
from the lake. This declining trend may be a factor responsible for reduced number of fishers when 

Figure 1: Abundance of fish by families in Feferuwa Lake
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Fish samples were obtained from local fishermen and also experimental gill nets. Detailed examination 
and identification using identification keys developed by Idodo-Umeh (2003) and Olaosebikan and 
Raji (2013) were used to enable the identification of the fish species. 

FISH SPECIES DIVERSITY OF TATABU LAKE, NIGER STATE

National Institute for Freshwater Fisheries Research, P.M.B. 6006, New Bussa, Niger State

Tatabu Lake (also known as Lake Ndakolowu (Ita, 1993)) is a floodplain lake of the River Niger 
downstream of Jebba dam. It is located between 9o 12' 14'N and 4o 52' 4o 58; E, about 24km from 
Jebba along the Ilorin – Mokwa road. The damming of the Niger at Kainji in 1968 and at Jebba in 1963, 
and the subsequent water control from these dams resulted in drastic reduction of the floodplains 
downstream of Jebba dam up to Lokoja and beyond. One of the most badly affected floodplain lakes 
was Tatabu Lake. Investigations into the fisheries of this lake were conducted by the Kainji Lake 
Research Institute between 1977 and 1979. In 1971, the surface area of the Lake was estimated at 
9km2 and by 1977 it was reduced to 6km2. By 1979 the area was much less than 6km2 and after the 
completion of Jebba Dam in 1983 the open water area of the lake was completely obliterated and the 
lake was reduced to pockets of overgrown swamps (Ita, 1993). The lake represents a major inland - 
water fisheries in Nigeria. It draws its water source from Lake Jebba, where a hydro dam is situated 
(DFID/FAO, 2004). According to Lundberg et al., (2000), over 10,000 species of fish live in 
freshwater, which is approximately 40 percent of global fish diversity. The diversity of fish species in 
any water body is attributed to favourable conditions. Fish populations can also respond to factors such 
as over-fishing, pollution and eutrophication in the aquatic environment (Welcomme, 1999). 
Presently, numerous fish stocks and species have declined in abundance and composition since their 
historical peaks, and some have gone extinct while others are threatened, leading to urgent calls for 
more stringent management and establishment of protected areas (Roberts, 2003). This study 
therefore aims to assess the current state of the fish species of Tatabu Lake.

MATERIALS AND METHODS
Morphological Characterization of the fish species

INTRODUCTION

Morphometric measurements taken.
Measurements were taken to compare the body shape in different species. Morphometric characters 
were measured and recorded in centimeters to the nearest 0.01cm, and this was done using dial 
calipers, a pair of dividers, measuring board, meter rule and a rope. Point to point measurements were 
taken on each fish and these included:

A study was conducted to assess the diversity of fish species in Tatabu 
Lake, Niger State. Fish species obtained from fishermen's catches 
and experimental gill nets were examined for identification. A total 
of thirty – eight (38) species of fish belonging to eighteen (18) 
families were identified. In terms of species diversity, the family 
Bagridae had the highest number of species (6), followed by the 
family Cichlidae and Mochokidae with five different species in each 
family and then the family Alestidae and Mormyridae with four 
different species in the family. This study shows that there is still a 
high diversity of fish species in Tatabu Lake.

ABSTRACT

Keywords:
Fish species, Diversity,
Tatabu Lake, Niger State
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1.  Standard length (SL): The distance from the anterior part of the snout (with the jaw closed) to 
the base of the caudal fin. 

5.  Inter-orbital space (IOSp). Space between the orbits of the eyes

3.  Head length (HL): This was measured, with the mouth closed, from the tip of the snout to the 
posterior edge of the opercula bone.

7.  Pre-pelvic distance (pPvD): Point to point distance from anterior tip of the snout to the anterior 
base of the pelvic fin.

8.  Eye diameter (ED) - This was taken, (using a dial caliper) as the length of the orbit
9.  Length of the caudal peduncle

2.  Body girth (BG): Vertical depth of the fish body taken from the anterior base of the pelvic fin to 
the dorsal fin.

4.  Head depth (HD): Vertical height measured at the anterior end of gill - opening

6.  Pre-dorsal distance (pDD): Point to point distance from anterior tip of the snout to the anterior 
base of the dorsal fin.

A total of thirty – eight (38) species of fish belonging to eighteen (18) families were identified.

Qualitative observations were also made on the shape and colour of the fish, position and shape of the 
mouth, nostrils, scale type, snout profile, types and position of teeth.

10.  Weight measurements (w) were taken in gramme (g) using a sensitive weighing scale.

11.  Scales below the lateral line

4.  Anal fin rays (AFR)

2.  Pelvic fin rays (PvFR)

8.  Spines in the pelvic fins
9.  Scales along the lateral line

3.  Dorsal fin rays, (DFR)

6.  Spines in the dorsal fins

In addition to the morphometric measurements, eleven meristic characteristics were observed. 
1.  Pectoral fin rays (PFR) 

7.  Spines in the anal fins

Meristic counts

10.  Scales above the lateral line 

5.  Caudal fin rays (CFR)

RESULTS AND DISCUSSION

Table 1: Summary of the fish species identified and their families

Fig.1. Fish species and families
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The differences observed in species diversity could be attributed to the continual changes in the 
environment whereby a particular family could adapt better than other families within a span of time. 
The results further confirm that the diversity of species in Lake Tatabu is still high. Further study on the 
fish species diversity of Tatabu Lake for a longer duration is therefore recommended as it may reveal 
the presence of more fish species than were observed in this study.

Studies of changes in species composition and distribution over the years by Turner (1972) Lelek 
(1972), Ita (1978) and Lewis (1974), assessed the status of fishery based on the composition of 
individual species and families.

Ita (1985) reported that there was a recovery of species diversity from 9 species to 25 species after 
refilling Lake Tatabu. In this study, 38 fish species were identified, which shows that in spite of the 
intensive exploitation of the wetland fisheries, a comparatively high diversity has been sustained, 
though many of the fish species identified are of little economic importance on account of their small 
sizes. 

A total of thirty – eight (38) species of fish belonging to eighteen (18) families were identified in this 
study and this attests to the fact that Lake Tatabu still has a high variety of fish species when compared 
with the fish species diversity of Lake Kainji where recent studies recorded a total of fifteen families 
(Yem et al., 2005). 

According to Ita, (1993), the fish species composition of floodplain waters generally depends on the 
flood regime. Consequently, fish are concentrated in permanent water bodies at low water levels, but 
disperse further afield over the floodplains during the flood phase. Migration of fish within tropical 
river systems has been well documented (Motwani, 1970, Welcomme, 1969 and 1975). The major 
controlling factor is dissolved oxygen concentration. A lower level of dissolved oxygen is observed in 
floodplain waters than in the main river channels (Ita, 1993). Consequently, species found in 
floodplain waters are adapted for survival in low dissolved oxygen conditions. According to Otobo 
(1977), the dominant fish family by weight in Tatabu Lake in 1977 was the Osteoglossidae, closely 
followed by the Cichlidae, Hepsetidae, Gymnarchidae, Clariidae and Mochokidae. The current study 
shows that these fish families are still present in the lake. 

In terms of species diversity, the family Bagridae had the highest number of species (6) within a family, 
followed by the family Cichlidae and Mochokidae with five different species in each family and then 
the family Alestidae and Mormyridae with four different species in the family (Fig 1), this may be as a 
result of the ability of these fish families to survive in almost all niches. Ajayi (1972) reported that 
members of the family Bagridae were found to frequent both onshore and offshore shallow waters 
apart from shore and bottom of deep waters. Although the species richness of the family Bagridae 
identified in Tatabu Lake was not as high as that of Lake Kainji where about eight species of the family 
Bagridae were identified (Yem et al., 2005) other families identified had similar number of species as 
seen in Lake Kainji. The reduction in surface area of Lake Tatabu may be the reason for the dwindling 
species diversity observed in some of the families identified during the study. Nautiyal and Rizvi 
(2005) reported that as per species richness – area relationship, the number of species increased with 
corresponding increase in surface area.
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research. All the members of staff of the Artisanal Fisheries Division are also acknowledged in addition 
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Akegbejo (2022) reported that the freshwater environment is an aquatic environment where the 
salinity of the water is zero. These include inland waters like rivers, lake, streams etc. A brackish water 
environment is an aquatic environment where the salinity of the water changes depending on the 
season of the year e.g., lagoons, creeks, estuaries etc. With a variety of fish species found in its many 
fishery resources, the marine environment has a salinity of around 35ppt, which is 10,000 times saltier 
than freshwater found in rivers and lakes (Gupta and Verma 2015). Freshwater is however considered 
as unique ecosystem due to its ability to form a habitat for diverse species of fish and plant material. 
This is also a result of its ability to support the aquatic resources with balanced physical, chemical and 
biological parameter required for an interrelationship between the fauna and flora cohabiting the 
fisheries resources (Gurjar et al., 2020). Pallavi and Ajay (2013) stated that the abiotic and biotic 
factors that coexist in an ecosystem are related to the diversity of ichthyofauna, however, while other 
factors that significantly influence the level of biodiversity include the age of the water body, mean 

INTRODUCTION
One-fourth of all vertebrates are freshwater fish, which offer priceless products and services but are 
increasingly impacted by human activities (Guohuan et al., 2021). According to estimations by Allen et 
al., (2018) less than 1% of the earth's surface is made up of rivers and lakes, which are home to a high 
degree of biodiversity. This accounts for a quarter of all vertebrates worldwide Akegbejo (2022). It was 
also estimated that fish are the most numerous vertebrates, with approximately 34,700 described 
species and a great deal more yet to be described and classified (Froese and Pauly, 2021).

Keywords:
Composition, diversity,
distribution, ichthyofauna

ABSTRACT
Composition, distribution and diversity of ichthyofauna in Zobe 
Lake Katsina State, Nigeria were studied from March to October, 
2022. The study area was divided into four strata along the lake. 
Purposive sampling was used to select one landing site from each 
stratum based on the level of fishing activities. Fish samples were 
collected monthly from landing sites, sorted, identified into species 
and counted. Diversity indices were computed using [PAST, version 
4.] This study identified 6125 fish species belonging to 8 families. 
The families Cichlidae and Bagridae were the most represented with 
32 % and 31 % of the total composition respectively, while 
Mochokidae was the least family (0%) in the Lake. Site 1 had the 
highest fish abundance (1846) followed by Site 4 (1543), While Site 
2 (1265) recorded the least number of fish abundance. Diversity 
indices of fish species from the lake revealed that species richness 
varied from Site 2 (17) to Site 1 (20). Shanon index varied between 
Site 1 (2.40) and Site 3 (2.27). The study showed that Zobe Lake was 
rich in fish abundance and diversity. External variables that are 
known to have an impact on the population of freshwater fish species 
should be addressed.
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Statistical analysis

Assessment of commercial catches 
Ichthyofauna present in the reservoir was sorted and identified based on the classification of 
Babatunde and Raji (1998) and Idodo-Umeh (2003). Weight of the catch from the reservoir was 
recorded, and photographs of the fish species identified were taken. The catches were identified and 
sorted into species. Each species was counted and weighted in batches using a digital weighing scale 
(MH-999). The fish species were identified to lowest taxonomic level possible based on Olaosebikan 
and Raji, (2018).

Data obtained from analysis of species composition, distribution and diversity of ichthyofauna in the 
lake were subjected to paleontological statistics software (PAST 4) which was used to check diversity 
Indices (Simpson Diversity index, Shannon-Weiner index and Evenness index).

 Figure 2 revealed that families Cichlidae and Bagridae were the most represented with 32 % and 31 % 
of the total composition respectively, while family Mochokidae recorded the least family (0%) in the 

RESULTS 

MATERIALS AND METHODS

depth, fluctuations in water level, and the morphometric features of the water. The ichthyofauna will 
also be affected if the level of the primary productivity in the aquatic resources is only able to satisfy a 
particular species, (affecting the food web) thus leading to loss of certain species in the aquatic 
resources. This study aims to investigate ichthyofauna composition, and distribution in the lake.

The study was conducted in Zobe Lake, which is situated in Katsina State, Nigeria's Dutsin-Ma Local 
Government Area. It lies on latitude between 12°20�0 N - 12°25�0 N and longitude 7°27�230 - 
7°35�0E (Figure 1). The study area was divided into four strata (Sites 1, 2, 3 and 4) along the lake for 
easy assessment. Purposive sampling was used to select one landing site from each stratum based on the 
level of fishing activities

Fig 1: Map of Nigeria showing Zobe Lake and landing sites.
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Lake. Table 1 shows the results of diversity indices of the sampled freshwater fish species from the 
landing sites. A total number of (6125) individual fish species was recorded across the four sampling 
Sites. Highest number of fish taxa 20 highest individual fish species1846 was reported in Site 1 while 
Site 3 and 4 recorded the highest dominance 0.14 each. Site 3 recorded lowest Shannon index (2.27) 
which is moderate according to Fernando et al., 1998). Evenness 0.54 in Site 3 which signifies unstable 
community and equitability is moderately high degree of heterogeneity (0.79). Site 2 recorded the 
lowest taxa (17), individuals (1265) and dominance (0.12).   

Table 2 shows spatial distribution of fish catch from Zobe Lake between March and October 2022. The 
result showed that Site 1 had the highest fish abundance (1846) followed by Site 4 (1543), while Site 2 
recorded the least number of fish abundance (1265). The most abundant fish species in Site 1 was 
Oreochromis niloticus (369), followed by Bagrus bayad (362) and Clarias gariepinus (252). The most 
predominant species in Site 2 were B. bayad, O. niloticus and C. gariepinus with 280, 220 and 155 
fishes respectively. The predominant species in Site 3 were B. bayad (328), O. niloticus (177), B. 
docmac and C. gariepinus (184). The most abundant fish species in Site 4 were B. bayad (368), 
followed by O. niloticus (325) and C. gariepinus (233). The least abundant fish species in Site 1 was 
Heterobranchus longifilis with only 2 fish captured throughout the study period. In Site 2 
Hemichromis fasciatus was the least abundant fish having only 3 individuals captured throughout the 
study period. In Site 3, Petrocephalus bovei was the least abundant fish having only 3 individuals 
captured. In Site 4, the least number of fish individuals recorded was for Alestes baremoze (4) 
individuals. With regards to the weight of fish sampled, Site 1 recorded the highest weight (936.6 kg) 
followed by Site 4 (729.53 kg) while Site 3 recorded the least weight (609.7 kg).  Bagrus. bayad had 
the highest weight  among the individual fish samples at all the sample sites with a weight of 259.4 kg, 
198.6 kg, 202.1 kg and 203.7 kg at site 1, 2, 3 and 4 respectively. The least weights recorded were for 
Synodontis membranaceous (0.3kg) at site 1 with least weight was recorded for synodontis 
membranaceous (0.3 kg) at site 1 with Hoplarcus psittacus (0.8 kg) at site 2 with Petrocephalus bovei 
at site 3; and Alestes baremoze (2.1 kg) at site 4.

Fig 2:  Fish families' composition by abundance from Zobe Lake.
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DISCUSSION
A total of 6125 fish from eight families belonging to 20 species were captured “between” March 2022 
and October 2022. There are 20 species (species richness) in the ecosystem of Zobe Lake. This is less 
than the 41 species that Ajagbe et al., (2021) reported in Ikere-George Reservoir Oyo State Southwest 
Nigeria, 28 species reported by Iber et al., (2018) from River Fete in Benue State, and the 27 species 
that Solomom (2017) reported from Lake Kalgwai in Jigawa State, Nigeria. This was also higher than 
the observation of Nababa et al., (2021) on same reservoir where he reported 13 fish species belonging 
to 7 families. The variation observed in species composition from earlier work is likely to be the 
difference in time, gear used and space. Higher value of Simpson index 0.88 recorded in Site 1signifies 
lower diversity while Sites 3 and 4 recoreded the least value 0.86 respectively but higher diversity. 
Highest evenness value in Site 2 and lowest in Site3 reveals that all fish species have similar distribution 

Table 1:  Diversity indices of fish species from Zobe Lake, Katsina State, Nigeria

Indices Site 1 Site 2 Site 3 Site 4 Pooled

Taxa_S 20 17 18 18 20

Individuals 1846 1265 1268 1543 6125

Dominance_D 0.12 0.13 0.14 0.14 0.13

Simpson_1-D 0.88 0.87 0.86 0.86 0.87

Shannon_H 2.40 2.30 2.27 2.31 2.36

Evenness_e^H/S 0.55 0.59 0.54 0.56 0.53

Table 2:  Spatial distribution of fish catch from Zobe Lake between March and Oct 2022.

Fish species

SITE 1 SITE 2 SITE 3 SITE 4

Abundance Wt (kg) Abundance Wt (kg) Abundance Wt (kg) Abundance Wt (kg)

Alestes dentex 23 4.6 11 2.3 8 7.2 25 10.1

Alestes nurse 5 2.2 10 12 11 5.7 13 4.4

Alestes baremoce 7 3 0 0 4 2.1 4 2.1

Bagrus docmac 111 63.9 155 113.7 184 78.4 120 91.4

Bagrus bayad 362 259.4 280 198.6 328 202.1 368 203.7

Brienomyrus brachyistius 16 3.1 0 0 0 0 22 11.8

Chrysichthys nigrodigitatus 117 56.2 46 19.8 45 20.2 46 27.4

Clarias anguliaris 114 67.7 82 40.4 48 29.2 74 38.8

Clarias gariepinus 252 122.2 172 105 184 95.2 233 103.73

Coptodon zilli 81 48.8 82 39.3 67 22.6 76 25.7

Hemichromis fasciatus 35 8.4 3 0.8 5 1.3 27 6.8

Heterobranchus longifilis 2 0.5 18 12.1 19 6 29 11.4

Hoplarchus Psittacus 80 32.4 26 7.5 15 5.4 22 6.3

Mormyrus rume 40 17.1 15 4.9 21 7.3 20 4.5

Oreochromis niloticus 369 153.6 220 92.5 177 69.2 325 122.6

Petrocephalus bovei 6 1.5 7 1.8 3 0.9 27 10

Petrocephalus bane 13 9.6 6 4.7 33 13.8 0 0

Sarotherodon galilaeus 125 44.9 69 29.8 75 32.7 48 24.4

Synodontis membrenaceous 4 0.3 0 0 0 0 0 0

Schilbe mystus 84 37.2 63 19.1 41 10.4 64 24.4

TOTAL 1846 936.6 1265 704.3 1268 609.7 1543 729.53
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 freshwater fish biodiversity. Science, 371(6531), 835-838.

 M. T., (2021). Species composition, abundance and diversity of Ichthyofauna of Ikere-Gorge, 

Froese, R.and D. Pauly. (202)1. Editors FishBase, World Wide Web electronic publication. 

CONCLUSION 

 Oyo State, Nigeria. Acta Ecologica Sinica, 41(6), 575-583.

This study identified 6125 fish belonging to 8 families; Cichlidae contributed the highest in terms of 
abundance (32 %) while bagridae contributed the highest in weight (39 %). The volume of the fish 
harvested was higher in Site 1 as compared to the other study Sites.  More so, Site 1 was the major 
contributor to the total fish production among the four selected Sites. Zobe Lake is low in fish with 
lower diversity as indicated by high value of Simpson index.
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Mormyrus rume (Valenciennes, 1846) commonly known as the Elephant snout fish belongs to the 
order Osteoglossiformes; family Mormyridae and genus Mormyrus (Olaosebikan and Raji, 2013; Jibrin 
and Shu'aibu 2023a). Four species of the genus Mormyrus, were reported in Nigeria, these are: 
Mormyrus rume, Mormyrus tapirus, Mormyrus macrophthalmus and Mormyrus hasselquistii 
(Olaosebikan and Raji, 2013).  Some of the major distinctive features of M. rume from other species of 
the genus Mormyrus includes: its trunk - like snout, terminal and small mouths and greyish - yellow and 
silvery ventrally colour (Idodo-Umeh, 2003). Mormyrus rume are bottom dwellers with a widespread 
distribution except in the Cross River (Olaosebikan and Raji, 2013). The fish specienhabits the 
freshwater lakes, reservoirs, rivers, streams and swamps, and is capable of discharging electric current 
(25 - 30 hz) that can shock its prey or enemies (Idodo-Umeh, 2003). It contributes significantly to the 
animal protein sources within many freshwater bodies and also make up of a portion of the inland 
fisheries in Nigeria as its flesh is delicious and is widely consumed by many people (Idodo-Umeh, 
2003). Various researches have been carried out on the food and feeding habits of fish. This has been in 
order to assess the dietary composition and food habits of fish aimed at a sound fisheries management 
programme on fish rearing in captivity (Abdulkarim et al., 2018). The food and feeding habitat of fish 
may be an important characteristic of the life - history strategy of a species to know the foremost 
necessary functional role of the fish inside their living ecosystems (Kuebutornye et al., 2019). The 
objective of this study was therefore, to determine the food and feeding habits of Mormyrus rume of 
Sebore reservoir, Mayo-Belwa, Adamawa State.

INTRODUCTION

ABSTRACT
Food and feeding habits of Mormyrus rume of Sebore reservoir was 
investigated monthly for a period of one year. Total of 120 samples 
were collected, washed with clean water and preserved in ice crest to 
minimize any post - mortem changes. The stomach contents of each 
of the Mormyrus rume sample were identified and analysis was done 
using the numerical and frequency of occurrence methods. The 
results obtained from the 120 samples of Mormyrus rume indicated 
that 60 (50.00%) have their stomach full with food, 54 (45.00%) 
were having a half - filled stomach, while 6 (5.00%) were having an 
empty stomach. The high number of Mormyrus rume samples 
recorded with full stomach than the Mormyrus rume samples with 
half - filled and empty stomach in the study area indicated that there 
was constant availability of food for the fish. Findings from this study 
indicated that the Mormyrus rume of Sebore reservoir, is an 
omnivore. Although, it feeds mostly on animal materials (detritus, 
insects, insect's larvae and pupae also on unidentified worms) than on 
plant materials. The different varieties of food items observed in the 
gut make it a potential suitable candidate for aquaculture.

Keywords:
Feeding Habits, Mormyrus
rume. Stomach, Omnivore,
Sebore Reservoir.
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Laboratory Analysis of Sample

Sebore reservoir is located at Mayo-Belwa local government area (LGA), Adamawa State Nigeria. 
Mayo–Belwa LGA lies within latitude 9° 3' 0' north and longitude 12° 3' 0' east. It covers an area of 
1768km² (682.63 sq. m) and is 75 km away from Yola, the state capital.

A total of 120 samples of M. rume were sampled monthly for a period of one year, from December 
2021 to November 2022. Fishing was done using gill nets as the fishing gear and canoe was used as 
fishing craft. The fish specimens were washed with clean water and preserved in ice crest to minimize 
any post-mortem changes and taken to the laboratory at the Department of Fisheries Modibbo Adama 
University, Yola for analysis of the food contents.

Study Area

The total length of the M. rume samples were measured using a measuring board in centimetres (cm) 
and weighted using an accurate digital scale in grams (g). The body cavity was opened using a pair of 
scissors, beginning ventrally from the anus to the mouth, the entire visceral and intestinal organs such 
as the liver, fat and other organs attached to the intestine and stomach were gently removed and 
emptied into a plastic petri dish, the length and weight of the stomach were measured and recorded. 
Thereafter, the Mormyrus rume were kept in formalin solution of about four percent (4%) to avoid any 
form of deterioration and contamination of the stomach contents. The stomach contents were opened 
using a pair of scissors and the complete stomach contents were emptied into petri dish for 
examination and identification based on the work of Yusuf et al. (2024). The random samples of the 
stomach contents were taken and dropped on a slide (counting chamber) with the aid of a dropping 
pipette and viewed under a light microscope.  The general views were made with a binocular dissecting 
microscope (SE306) stereo zoom total magnification of 100x; the stomach contents were studied and 
recorded. The stomach contents of each of the M. rume samples were analysed using the numerical and 
frequency of occurrence methods as described by Balogun (2006). 
In the numerical method (NM), the number of individuals in each food category was expressed as a 
percentage of the total individuals in all food categories: 

Sample Collection

MATERIALS AND METHODS

Data obtained were analysed using descriptive statistics (Frequency and percentages) using SPSS (20, 
version).

Table 1: Stomach Fullness of Mormyrus rume from Sebore Reservoir

RESULTS

Statistical Analysis

The results recorded from the 120 samples of Mormyrus rume collected from Sebore reservoir are 
given as follows: 60 samples of M. rume representing 50.00% had their stomach full with food, while 
54 individuals representing 45.00% were observed to have a half-filled stomach and 6 individuals 
representing 5.00% were observed to have an empty stomach (Table 1). The high numbers of 
Mormyrus rume samples recorded with full stomach than the M. rume samples with half-filled and 
empty stomach in the study area indicated that there was constant availability of food for the fish year-
round. Table 2 shows the summary of the stomach contents of M. rume from Sebore reservoir.

NM (%)= Total no. of a particular food item
Total no. of all the food items 

x 100

In the frequency of occurrence method (FO), all stomach containing food were recorded and
expressed as the percentage of the total number of stomachs examined:

FO (%)= No of stomach with a particular food item 
x 100

Total no. of fish examine and food in the stomatch
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Findings from the food and feeding habits of Mormyrus rume of Sebore reservoir indicated that the fish 
species had a broad spectrum of food ranging from bottom organism mainly detritus, fish materials, 
insects, other materials such as sand particles and unidentified worms, plant materials, 
phytoplankton's and zooplanktons. This was in support with the findings of Igejongbo (2019) who 
reported similar results for this fish species in River Owena, Osun State, Nigeria. and Jibrin and 
Shu'aibu (2023b) for this species from lake Geriyo, Adamawa, Nigeria. The broad food spectrum of 
this fish indicated that they feed both in surface water column and even near the substratum. However, 
M. rume appears to be basically a bottom feeder as evident from the significant contributions of the 
bottom-dwelling food items such as insect's larvae and pupae, detritus and insect remains in its total 

DISCUSSION

No. of Full 
Stomach

Percentage of 
Full Stomach

No. of Half 
Stomach

Percentage of 
Half Stomach

No. of Empty 
Stomach

Percentage of 
Empty 
Stomach

60 50.00% 54 45.00% 6 5.00%

Table 2: Stomach Contents of Mormyrus rume from Sebore Reservoir

Food items 
   

Numerical method Frequency of occurrence method

 Number of Items Percentage (%) Number of stomachs Percentage (%)

Bottom organism: 

Detritus  1,179 13.70 92 80.70
Fish materials: 

 

Fish eggs 32 0.37 9 7.89
Fish bones/scales 23 0.27 6 5.27
Insects: 
Anax spp. nymph 163 1.90 14 12.28
Chaoburus spp. larvae 1,384 16.08 65 57.01
Chaoburus spp. pupae 436 5.07 54 47.36
Chironomus spp. larvae 724 8.41 53 46.49
Chironomus spp. pupae 321 3.72 48 42.10
Cullicoides spp. larvae 933 10.83 60 52.63
Cullicoides spp. pupae 255 2.97 39 34.21
Remains of insects 1,019 11.83 89 78.07
Other materials:
Sand particles - - 38 33.33
Unidentified worms 618 7.18 41 35.97
Plant Materials:
Remains of plants 1,011 11.74 69 60.52
Phytoplankton:
Chlorella spp. 15 0.18 6 5.26
Diatomella spp. 19 0.22 8 7.01
Oscillatoria spp. 21 0.24 9 7.89
Phacus spp. 24 0.28 7 6.14
Zooplankton:
Arcella spp. 45 0.52 23 20.17
Centropyxis spp. 49 0.57 27 27.17
Daphnia spp. 43 0.50 17 23.68
Diaptomus spp. 59 0.69 33 28.94
Moina spp. 55 0.63 24 21.05
Nauplius spp. 67 0.78 35 25.43
Rotaria spp. 61 0.70 23 30.70
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Abdulkarim, M., Yusuf, Z. A., Misau, A. B., Garba, A. M. and Mahmood, S. (2018). Realistic 

diet. The sand grains, which contributed substantially to the stomach content, might have been 
accidentally ingested along with food, but their contribution to the nutrition of the species is not clear. 
The discovery of sand in the gut of M. rume was also reported by Igejongbo (2019). Mormyrus rume 
feeds on both plant and animal materials with detritus, insects, insect's larvae and pupae also with plant 
materials dominating its food. A similar result was reported by Idodo-Umeh (2003). Food items of 
animal origin contributed significantly to the diet, which was dominated principally by bottom 
dwelling immature insects (Chaoburus spp. larvae and Cullicoides spp. larvae) and the remains of 
other insects. In addition, plant materials contributed significantly to the stomach content of the fish. 
It may therefore be justifiable to classify M. rume as an omnivore, which is consistent with the findings 
of Jibrin and Shu'aibu (2023b) for M. rume from Lake Geriyo, Adamawa, Nigeria.   

CONCLUSION
Findings from this study indicated that the Mormyrus rume from Sebore reservoir of Adamawa State is 
an omnivore that feeds on both plant and animal materials. Although the results showed that it fed 
mostly on animal materials (detritus, insects, insect's larvae and pupae, and also unidentified worms) 
than on plant materials. 
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AN APPRAISAL OF CURRENT FISHERY COMPOSITION OF EGBE 
RESERVOIR, EKITI STATE, SOUTH- WESTERN NIGERIA
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Kwen and J. Hussaini 
National Institute for Freshwater Fisheries Research, P.M.B. 6006, New Bussa, Niger State 

Ekiti State is blessed with water resources, notably Egbe Reservoir. It is located between Latitudes 
o

7o36' and 7o39' N and Longitudes 5o32' and 5 35' E constructed in 1975 across Ose River at Egbe - 
Ekiti. It has average depth of 6.5 metres and total surface area of 272.5 ha (Edward, 2013). The area 
around the reservoir is rocky and hilly with thick vegetation. 

MATERIALS AND METHOD

INTRODUCTION 
Egbe Reservoir was created primarily to serve as a source of water for domestic use and irrigation. The 
water supply scheme was commissioned on 25th January 1989 but as expected, it provided other 
important opportunities in particular, small - scale fisheries for the immediate and surrounding 
communities, which need to be developed and managed sustainably. Therefore, management of a 
fishery depends on regular assessment of the stock. This provides information on the population of fish 
structure, stock size and exploitation level amongst others (Edward, 2013). Such information, reveals 
catch composition - abundance and diversity, which describe the productivity of the water body being 
crucial for formulation of appropriate management plans or decision enabling sustainable usage and 
conservation of the resource. Investigation of the fishery of water bodies have been carried out over the 
years. This included the recent works of Ukaonu and Ugwumba (2021) and Yem et al. (2024). 
However, there is dearth of such information on Egbe reservoir. This study assessed the fishery 
composition of the reservoir for sustainable management. 

Three (3) fleets of experimental gillnets each measuring 50 meters long and 3 meters deep with mesh 
sizes of 1", 1½”, 2", 2½”, 3", 3½”, 4", 5" and 7". The nets were set to cover shoreline, surface and 
bottom of the water body; checked early in the morning between 6:00 am to 8:00 am and between 4:00 
pm to 6:00 pm in the evening. Fishes caught were collected according to mesh sizes, sorted into species 

The current fishery composition of Egbe Reservoir, Ekiti state, 
Nigeria was assessed using fleets of experimental gillnets. Seven (7) 
species from 5 families were recorded. An edible species of frog was 
also recorded. Highest diversity (3) was recorded in the family 
Cichlidae; Oreochromis niloticus, Coptodon zillii and Sarotherodon 
galilaeus. Cichlidae was most abundant in both number and weight 
while Mormyridae was least. Coptodon zillii was the dominant 
species in terms of number and weight with Brienomyrus sp. as 
lowest. Highest catch was recorded on 1" followed by 4" and 3" as 
lowest in terms of number. 4" recorded highest weight followed by 1" 
while the lowest was 3". Bulk (71.52%) of fish caught were from 
meshes below the recommended size for inland water bodies. The 
use of small mesh sizes should be discouraged in order to prevent the 
exploitation of small-sized fishes. There may be need to stock the 
reservoir with echo-friendly fish species. Further investigation on the 
actual presence of other non - fin fish aquatic animals need to be 
conducted. 

ABSTRACT 

Keywords:
Appraisal, composition,
fishery, Egbe, reservoir,
Ekiti State
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Percentage number/weight (%) =

Fishers' catches at various landing sites on the reservoir were also assessed and compared with 
experimental gillnet catches. This was carried out between August 2022 and December 2022.   

Experimental gillnetting and catch assessment: Table 1 and plates 1-7 shows seven (7) fish species from 
five (5) families at Egbe reservoir. Earlier work of Edwards (2013) revealed eight (8) species from five 
(5) families and 8 species from the same reservoir, but low compared with the result of Yem et al. 
(2016) from a similar water body. This is an indication that the reservoir is still low in species diversity. 
The family Cichlidae was the most relatively abundant contributing 73.75% by number and 69.84% by 
weight of the total catch on the reservoir while Mormyridae family was the lowest accounting for 
1.96% and 0.85% in terms of number and weight respectively. Coptodon zillii (formerly Tilapia zillii) 
which is a Cichlid, dominated the catch in terms of number (38.09%) and weight (36.16%) whereas 
Brienomyrus spp. was the least in both number (1.96%) and weight (0.85%). The highly prolific nature 
and feeding habit of the Cichlids have contributed immensely to their dominance in most water 
bodies. The family Cichlidae had the highest number of species (3): Oreochromis niloticus, Coptodon 
zillii, and Sarotherodon galilaeus; while Channidae, Clariidae, Hepsetidae and Mormyridae had one 
variant each; Parachana obscura, Clarias buthupogon, Hepsetus odoe and Brienomyrus spp. 
respectively. The low mean weights recorded was because fishes caught were mostly small to moderate 
in sizes. The composition also shows that there are two carnivores and five forage species, which is an 
indication that the population may not be balanced even though the reservoir has the capacity to 
support viable small-scale fishery.

RESULTS AND DISCUSSION 

and identified using manual and checklist of fish (Paugy et al., 2003; Olaosebikan and Raji, 2021). 
Fishes were counted and weighed using weighing balance to the nearest 0.0g. Percentages (%) of 
number and weight of each species of fish were calculated using the following formula:

 

Table 1: Fish composition of Egbe Reservoir, Ekiti State, South-western Nigeria

The fish caught in the various meshes of experimental gillnet is shown in table 2. Mesh size 1" recorded 
the highest catch in terms of number (29.11%) followed by 4" (21.52%) while 3" mesh size had the 
least catch (6.96%). This is an indication that most of the fish caught were small to medium in sizes, 
which could be the reflection of the stock. Mesh size of 4" had the highest weight (28.23%) and the 
least weight was recorded in mesh size 3" (2.65%), which is the recommended mesh size of inland 
water body of the country. Meshes 3" and 4" only contributed 28.28% and 30.88% in number and 

Gillnet Selectivity

Total no. of /wt of fish species 
Total no. of /wt of entire fish caught

x 100

Family/Species No % No Wt (kg) %Wt Mean Weight

Cichlidae 

Oreochromis niloticus 540 18.57 23.12 14.03 0.043

Coptodon zillii 1107 38.09 59.61 36.16 0.054

Sarotherodon galilaeus 496 17.09 32.39 19.65 0.065
Channidae
Parachana obscura 62 2.13 7.46 4.53 0.120
Clariidae
Clarias buthupogon 379 13.04 14.5 8.80 0.038
Hepsetidae
Hepsetus odoe 265 9.12 26.34 15.98 0.099
Mormyridae
Brienomyrus spp 57 1.96 1.4 0.85 0.025

Total 2906 100 164.82 100
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weight respectively of the catches. This shows that fishery production of the reservoir is poor. This is 
supported by the fact that most catches (71.52%) were below 3"recommended for inland water bodies 
of Nigeria

 Table 2: Fish caught, and Weight in Experimental gillnet catches from Egbe Reservoir, Ekiti  State, 
  South-western Nigeria

Mesh size  1" 1½" 2" 2½" 3" 4" Total

No. of fish caught 46 23 30 14 11 34 158
Percentage (%) 29.11 14.56 18.99 8.86 6.96 21.52 100
Weight (Kg) 2.95 1.77 2.27 0.85 0.30 3.20 11.34
Percentage (%) 26.03 15.61 19.98 7.50 2.65 28.23 100

Non-fin fish of the reservoir: A species of edible frog (Plate 8), which is common on the reservoir was 
caught fishers. It serves as a popular delicacy for the locals.  

REFERENCES 
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1.0 INTRODUCTION
The Gulf of Guinea is one of the most important marine ecosystems in West Africa, supporting a rich 
biodiversity and a wide range of fisheries that are critical to the livelihoods of millions of people in 
coastal communities (Pabis et al., 2020). Among the species targeted by artisanal and commercial 
fisheries is Pseudotolithus elongatus (Bobo Croaker), a demersal fish that plays a key role in local diets 
and economic activities. However, the sustainability of these fisheries is increasingly under threat due 
to overfishing, habitat degradation, and environmental pollution. Effective management of P. elongatus 
populations requires a detailed understanding of its biology, including growth patterns and overall 
health in response to environmental conditions. The length-weight relationship (LWR) and condition 
factor (K) are vital metrics that can provide insights into the growth performance and condition of fish 
populations (Ekelemu and Zelibe, 2014). These parameters help in assessing whether fish are thriving 
in their environments or experiencing stress due to factors such as pollution, habitat destruction, or 

ABSTRACT
This study examined the length-weight relationship (LWR) and 
condition factor (K) of Pseudotolithus elongatus across three 
estuaries: Escravos Estuary, Qua Iboe Estuary, and Lagos Lagoon. The 
objective was to evaluate the growth patterns and overall health of 
fish populations in these estuarine systems, which are currently 
subjected to varying degrees of environmental pressure. A total of 
150 specimens were collected from artisanal fishers using gill nets. 
Total length and body weight of each specimen were recorded. The 
growth pattern was evaluated using the power equation: W= a.Lb, 
while the condition factor was computed using Fulton's formula: K = 
100W/L3. The results indicated that the fish populations from the 
three estuaries exhibited varying growth patterns, with the values of 
the exponent b ranging from 2.81 (Escravos) to 5.51 (Lagos Lagoon). 
The K values also varied significantly, with mean values of 0.76 in 
Escravos Estuary, 0.83 in Qua Iboe Estuary, and 0.85 in Lagos Lagoon. 
These values which were all below 1, suggest that the fish populations 
in these estuaries are not in optimal condition. The relatively lower K 
value in Escravos Estuary is particularly worrisome, as it points to 
suboptimal environmental conditions potentially caused by oil 
pollution. Fish from Lagos Lagoon and Qua Iboe Estuary, while still 
exhibiting condition factors below 1, showed comparatively better 
health, likely due to relatively more favourable environmental 
conditions. The study underscores the role of environmental 
conditions in shaping the growth and well-being of P. elongatus, aiding 
sustainable fisheries management in Nigeria.

Key words:
Growth pattern, Bob
Croaker, Condition factor,
Escravos Estuary, Qua Iboe
Estuary, Lagos Lagoon.
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changes in water quality (Chandran et al., 2023; Eriegha and Eyo, 2023). For P. elongatus, whose 
populations are subjected to varying degrees of environmental pressure in different estuaries, 
understanding these metrics is essential for determining the health of the population and identifying 
areas that may require intervention.

In recent years, the estuarine environments that support P. elongatus and other species have been 
under growing pressure from anthropogenic influences (Mitchell et al., 2015). In Nigeria, as in many 
parts of the world, estuaries are increasingly impacted by human activities such as industrial pollution, 
oil exploration, agricultural runoff, habitat destruction, and urbanization (Zabbey et al., 2019). These 
activities contribute to the degradation of water quality, leading to altered ecological conditions that 
can profoundly affect aquatic organisms (Nubi et al., 2022). For instance, the Escravos Estuary, located 
in the Niger Delta, is heavily influenced by oil exploration and related activities, which often result in 
pollution events that degrade water quality (Eriegha and Sam, 2020; Eriegha et al., 2024a). Similarly, 
the Qua Iboe Estuary is affected by industrial, oil exploration and agricultural runoff (Benson et al., 
2017), while the Lagos Lagoon faces significant pollution challenges due to proximity to Nigeria's most 
populous city, Lagos, and its associated urban sprawl (Nkwoji et al., 2020). Despite the economic 
importance of P. elongatus and the growing environmental pressures on its habitat, there is a paucity of 
data on its length-weight relationship and condition factor in Nigeria's estuarine ecosystems. This 
study fills a critical knowledge gap by providing data on the growth patterns and health status of P. 
elongatus across three distinct estuaries. The information generated will be crucial for informing 
fisheries management policies and developing conservation strategies aimed at ensuring the 
sustainability of this valuable species.

2.1 Description of the study area

.

This study was carried out in three water bodies that have connections to the Gulf of Guinea, Atlantic 
Ocean. These were the Escravos estuary, Qua Iboe estuary and Lagos lagoon (Figure 1). The sites were 
also characterized by landing sites, with high species richness and availability of economically 
important fish species. The Escravos estuary is located in Delta State and lies within the tropical region 
in South Southern Nigeria. Located in latitude 5° 34' 56" N and longitude 5° 10' 49" E, the Escravos 
estuary is noted for shipping and inland water transportation and is the preferred route for ocean-going 
vessels engaged in the oil and gas industry (Nwaogbe et al., 2023). The Qua Iboe estuary which is 
located in Akwa Ibom State lies within the tropical region in South Eastern Nigeria. It is located at 

o o o olatitudes 4 391 and 27 611 N and longitudes 7 521 and 42 181E. It drains it catchment area of about 
7.092 km2 and the river course covers a distance of 151 km from its source at Umunike in Imo State to 
where it discharges into the Atlantic Ocean at the Bight of Bonny close to Ibeno (Essien-Ibok and 
Isemin 2020). The Lagos Lagoon is the largest of the four lagoon systems of the Gulf of Guinea and lies 
in latitude 6° 26' 59.99" N and longitude 3° 22' 59.99" E. Fresh water from the upland is fed into the 
lagoon from the northern part of the system by Ogun River, with a host of other smaller rivers as well as 
tidal creeks. It discharges in the south into the South Atlantic Ocean through the Lagos harbour 
(Alademomi et al., 2020). The three water bodies provide ample fishing opportunities, waterways 
transportation, and offshore oil exploration (Eriegha et al., 2024b)

2.0 MATERIALS AND METHODS
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Figure 1: Map showing Escravos Estuary, Qua Iboe Estuary, and Lagos Lagoon adjoining the Gulf of 
Guinea in Nigeria.

b
W = a.L  

 b = slope (fish growth rate).
 a = constant and,

The length - weight regression equations of P. elongatus from the Escravos estuary, Qua Iboe estuary, 
and Lagos lagoon are presented in Table 1. The relationship can be expressed by the following equation: 

The relationship between fish length and weight was expressed using Ricker's equation (1973) after 
data were log-transformed to address non-normality.

Using least squares linear regression, the constants (a and b) were derived from the log-transformed 
length and weight values (log W = log a + b log L). The condition factor (K values) was calculated, 

3.
using Fulton's condition factor formula (Pauly, 1984); K = 100W/L

3.0 RESULTS AND DISCUSSION

2.2 Sample Collection and Measurement
A total of 450 fish samples, comprising 150 random samples of P. elongatus were collected each from 
Qua Iboe estuary, Escravos estuary and Lagos lagoon. These samples were collected from local fishers 
using gill nets in each of the water bodies. Length and weight were determined on fresh samples after a 
thorough species identification using Idodo-Umeh (2003). Measurement for length (cm) and weight 
(g) were determined using a meter rule and an electronic weighing balance, respectively.
2.3 Determination of length-weight Relationship and Condition Factor

 Where,
L = total length (cm)
W = body weight (g)
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The computed mean value and range of the condition factor of P. elongatus (Table 1) revealed that P. 
elongatus from the Escravos estuary and Lagos lagoon had a similar condition factor, having a condition 
of 0.83 and 0.85 respectively while fish from Escravos estuary had the least condition (0.76). Fulton's 
condition factor (k) values of 0.76, 0.83 and 0.85 for Escravos estuary, Qua Iboe estuary and Lagos 
lagoon, respectively, suggest that P. elongatus populations in all three estuaries are not in optimal 
condition (K < 1). The low condition factor in Escravos Estuary is particularly concerning and may be 
linked to the high levels of pollution associated with oil exploration activities. Comparatively, the 
slightly higher K values in Qua Iboe Estuary and Lagos Lagoon suggest that the fish in these estuaries 
are in better condition, but still below optimal health standards. The values obtained from this study 
compared favourably with the value of 0.83 reported in Jaja Creek (Abiaobo et al., 2023). These values 
were lower than those documented by García-Isarch et al. (2023) in Guinea-Bissau Estuary (1.09), 
Wala et al. (2023) in Imo River (1.09), Ibeno by Ekpo (2020) in Qua Iboe River estuary (0.98), Ajah 
and Udoh (2012) in Cross River estuary (1.01) and Lekan and Itunuola (2022) in Mokoko River (0.97 
to 1.26).

2.8093 5.333,
W = 0.1759TL , R² = 0.9083 (for Escravos estuary), W = 0.1236TL  R2 = 0.9057 (for Qua Iboe 

5.514,estuary) and W = 0.1179TL  R² = 0.8538 (for Lagos lagoon). The results indicated that the 
modeling efficiency or fit index was high, with the coefficient of determination ranging from 0.85 to 
0.91 for fish from the three water bodies. The slope of the regression line of length and weight (b) 
computed for P. elongatus from the studied populations ranged between 2.81 (Escravos estuary) and 
5.51 (Lagos lagoon). 

The slope of length-weight relationship of the studied populations indicated that the species 
experience both positive and negative growth patterns. According to Sangun et al. (2007), fish growth 
rate is classified as positive allometric if b > 3 and negative allometric if b < 3. These variations in 
growth patterns are likely influenced by differences in the environmental conditions of the three 
estuaries. Escravos Estuary, being highly impacted by oil exploration and pollution, may have adverse 
conditions that limit the growth of P. elongatus. The negative allometric growth observed in this 
estuary could reflect stress from degraded water quality or reduced food availability. On the other 
hand, the positive allometric growth in Qua Iboe Estuary and Lagos Lagoon may be attributed to more 
favourable environmental conditions, though both of these estuaries are also subjected to 
anthropogenic influences, such as industrial pollution and urban runoff. The value obtained at the 
Lagos lagoon was in agreement with the b value obtained at the Mokoko River (2.657) by Lekan and 
Itunuola (2022). The regression exponent values obtained from this study were also in agreement with 
the values of 2.93 reported in Jaja Creek (Abiaobo et al., 2023) and 3.145 reported in Cross River 
estuary (Ajah and Udoh, 2012). The regression exponent values obtained in this study were however 
higher than those documented by García-Isarch et al. (2023) in Guinea-Bissau (2.62), Wala et al. 
(2023) in Imo River (1.352) and by Ekpo (2020) in Qua Iboe River estuary (2.39).

Table 1: Length-Weight relationship and Condition Factor (K) of P. elongatus from Escravos
estuary, Qua Iboe estuary and Lagos lagoon

Water Body Equation (R2) K ± S.E Range of K
Escravos W = 0.1759TL2.8093 (0.9083) 0.76 ± 0.11 0.62 – 1.00
Qua Iboe W = 0.1236TL5.333 (0.9057) 0.83 ± 0.04 0.59 – 1.33
Lagos Lagoon W = 0.1179TL5.514  (0.8538) 0.85 ± 0.09 0.69 – 1.03

4.0 CONCLUSION
This study has revealed significant variations in the length-weight relationship and condition factor of P. 
elongatus across three estuaries adjoining the Gulf of Guinea in Nigeria. The fish populations in 
Escravos Estuary exhibited negative allometric growth, while those in Qua Iboe Estuary and Lagos 
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 relationships of Mugil cephalus and Pseudotolithus elongatus in Cross River estuary, Cross 
Ajah, P. O. and Udoh, S. A. (2012). Food and feeding habits, condition factor and length-weight 

Lagoon showed positive allometric growth. The condition factor values across all three estuaries were 
below 1, indicating suboptimal fish health, with the lowest values recorded in Escravos Estuary. These 
findings underscore the need for targeted fisheries management interventions aimed at improving the 
environmental conditions in these estuaries, particularly in Escravos, where the fish population appears 
to be under considerable stress. Regular monitoring of the length-weight relationship and condition 
factor of commercially important fish species is, therefore, crucial for sustainable fisheries 
management and the long-term conservation of fish stocks in Nigeria's estuarine ecosystems. Future 
studies should explore the specific environmental factors contributing to the observed growth and 
health patterns, including water quality assessments and the impacts of pollution from oil exploration 
and industrial activities. This will provide a more comprehensive understanding of the challenges 
facing P. elongatus populations and inform strategies to mitigate the adverse effects of human activities 
on these critical habitats.

Abiaobo, N. O, Asuquo, I. E., Akpan I. I. and Augustine, A. L. (2023). Aspects of the Biology of 
 (Pseudotolithus elongatus) Bobo Croaker Fish from Jaja Creek, Ikot Abasi Local Government 
 Area, Akwa Ibom State, South Eastern Nigeria. Int J Zoo Animal Biol. 6(6), 1 -11. 000538.
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In Asa Lake (Araoye, 1999) and Lake  Asejire, Oyo State ( Ipinmoroti and Iyiola, 2023) food 
availability has been found to be a significant factor influencing the seasonal and spatial distribution of 
fish (Weyl et al, 2013), Ngor et al, 2023): however, the seasonal abundance of these food sources is 
determined by environmental factors such as rainfall, water levels, and floods. Most of the artisan 
fishermen that fish on local bodies of water are probably used to these natural conditions, particularly 
during the rainy season. Because they are aware of the frequency of rainy days, the water level, and the 

The artisan farmers in the West African Subregion require a basic level of technical skill in order to 
determine the optimum fish production from the lake fishery. The ability to fish must be extended 
beyond just using equipment and include an understanding of the environmental aspects of the habitat 
in which they live. Due to their inability to advance the artisan fishery, the majority of our studies on 
the lake fisheries in Nigeria and other African nations have had little effect on enhancing sustainable 
fish output (Araoye, 1999). To name a few, the failure of the lake fisheries in New Bussa, Nigeria,Kivu, 
in Rwanda, Lake Malawi cannot be justified from this simple fact. These bodies of water were 
subjected to indiscriminate fishing, which over time eliminated the viable stock. To increase these 
artisan fishermen's understanding of the environmental elements that can impact fish productivity, an 
intervention programme for capacity building is required (Araoye, 2002).

INTRODUCTION

In order to ascertain the effect of rainfall, water levels, and floods on 
fish catch in the Kainji lake Basin, Niger State, Nigeria, studies on the 
relationship between these parameters were conducted for a full year 
between March 2022 and February 2023. It rained the most 
(325.5mm) in August. During this study, the rainfall levels ranged 
from 0 mm in November/February to 325.5mm in August. April saw 
the lowest water level (11m), while August saw the greatest level 
(25.6m). Between May (10.2 m) to August (25.8 m), the water level 
rose. When the dam spillway started to overflow in August, the dam 
started to flood. An examination of fish capture from 10 fisherman 
around the lake indicated substantial increase during the dry season 
when water levels were low (175kg, 178kg and 176kg for March, 
April and May respectively) than rainy season when water level were 
high (126kg, 128kg and 130kg for August, September and October 
respectively. Some fish species captured throughout the research 
period are Alesteidae, Characidae, Bagredae, Mochaidda, 
Momyridae, Cypridae, Claroteidae Chyprinidae and Hepsetidae 
(Dry season) and Claridae, Schibedae, claroteldae,Osteoglossidae, 
characidae, Osteaglossidae, Gymnorchidae,Chichlidae,Cluipeidae, 
Distichodontidae (rainy season). Significant correlations existed 
between rainfall and lake level but there is no statistical significance 
correlation between fish catch and rainfall.

ABSTRACT

KEYWORDS:
Rainfall, Water levels,
Fish catch, Flood, Kainji Lake
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  The aim of  this work therefore is to examine the relationship between rainfall, water levels, and 
floods on fish catch in some fishing communities of  Kainji lake Basin, Nigeria. This work will be used to 
educate the fishermen in Kainji lake on the use of some environmental factors  to  predict fish catch 
around the lake as well as focused  on fruitful fishing exercise in general. 

severity of floods during each season, these fishermen are able to predict the amount of fish that can be 
obtained from  the lake. Fishing activities in Kainji Lake was enhanced with the construction of the 
Dam in 1978 by the Federal Government for the purpose of electric generation.

MATERIALS AND METHODS 
The environmental factors including rainfall, water levels, rainy days and flooding around the dam were 
determine in March 2022 and February, 2023 in the presence of 12 fishermen representing the 
fishermen group around the dam. Fish species caught by these fishermen twice a week were identified 
and classified according to families, counted weighted and recorded. They used traps, gill nets of 
different mesh sizes, ranging 7.2cm to 10cm and cast nets to catch fishes from the surface, shore and 
bottom habitats. The fishermen who were fairly educated ( primary and secondary school levels were 
made to assist in the record keeping. Three sample sites were used in this study; one each from fishing 
villages of Yuna, Anfani  and Malale (Figure 1).  The period of floods around the lake was taken from 
the day the dam spillway began to overflow (September) to the last day the it stopped overflowing ( 
March) (FAO),1973, Adegbehin et al, 2016)). The number of rainy days were obtained from the  
records of hydrological unit of National Institute of freshwater fisheries research New Bussa, Niger 
State. The water levels around the dam were also recorded using water level gauge installed at the Dam 

Figure 1. Map of Lake Kainji, Nigeria showing some of the Fishing Villages
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Table 1: Shows relationship of fish catch and environmental elements 

Rainfall and Number of rainy days 
The monthly variation in the mean rainfall is presented in Table 1. Rainfall commenced in April and 
continued untill the maximum value of (325.5mm) was attained in August after which a continuous 
decrease occurred untill April. The range recorded was Zero to 325.5mm (Table 1). The number of 
rainy days also increased from April (3days) to August (21days) during the period of this research. The 
number of rainy days decreased from October(4 days) to March (Zero). The rainfall and water levels 
were negetively correlated. Negetive rainfall-water level correlations have been documented for Kainji 
Lake (Imevbore, 1975), Lake Heide, Jebba Lake (Adeniji, 1993), and Asa Lake (Araoye, 1997). These 
findings are typical of tropical  lakes. The expertise gained by the few chosen fisherman will be passed 
on to the others for more lucrative fishing operations around the Dam because the fishermen also 
participated in the data collecting throughout this research.  

RESULTS AND DISCUSSION

Months   Fish Catch (No)   Fish Catch (Wt)    Rainfall (mm)     Water levels (mm)                 Rainy days (No)
 

Mar          167 176kg                        0                            11.3                                      0

Apr           169                       178kg                        0                            11                         2                   

May          155                        175kg                      53                           12.5                         3

Jun            154                       172kg                      182         14.3                                     6

Jul             100                       136kg                     205 15.7                                    15

Aug           65                        126kg      325                            24.3                                   21                            

When the level of the water changes, fish react differently. Fish are more prone to congregate in deeper 
pockets and hide beneath objects like rocks and roots while the water level is dropping. Fishermen 
should look for deep, isolated pockets with lots of shade and cover when the water level is very low. The 
majority of fish will become even more spread during times of rising water levels, gathering in 
shallower places close to grass and other structural cover. Fish constantly migrate closer to the ocean's 
edge as water levels increase. Table 1 presents the outcome of the water levels as well. The dam's water 
level started to rise in May (12.5 m) and continued to do so until August (24.1 m), when it reached its 
maximum and remained there until September. From October, when the water level was 13.2 m, it 
gradually decreased until February, when it was at its lowest, 10.3 m. 

The correlation analysis's result (Fig. 1) indicates that there is a negative Pearson's r value (-.798, -.809, 
and -.798) between fish catch and rainfall, water level, and rainy days.  Thus, in the Kainji Lake Basin, a 
rise in rainfall causes the water level to rise, which in turn causes a decrease in fish catches, and vice 
versa. There is no  statistical correlation between fish catch and rainfall ,water level and rainy days. 
Additionally, the two-tailed values of.002,.001, and.003 between fish catch and rainfall, water level, 
and rainy days indicate that there is no significant correlation between an increase in rainfall, water 
level, and rainy days and a decrease in fish capture. This result was in agreement with  Samuel and 
Bernadette, (2024).

Water levels 

F ig. 1 shows relationship between hydroclimatic variables and fish catch
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The monthly value of total of total fish catch is presented in Table 1. The months of  March (167 
specimens, 176kg) and April (169 specimens,178kg) recorded the highest number of total fish caught 
corresponding with the period of lowest water levels while the months of August (65 
specimens,126kg), and September (67 specimens,128kg) corresponding with the periods  of high 
water levels. The results have show that fish cought was higher during low water levels around the dam. 
Fish species captured throughout the resaerch period include Alesteidae, Characidae, Bagredae (Dry 
season) and Claridae, Schibedae, claroteldae, among others (Rainy season) (Table 2). This is useful 
information for the fishermen operating around the water body to reduce wasted effort of fishing 
activities especially during the rainy season for these species. The seasonal abundance of fish species 
was shown to be influenced by a combination of physiochemical parameters and the presence of food 
items (Lawal et al., 2023).  Ataguba (2014) reported the abundance of Synodontis species in a shallow 
river and a dam respectively during the period of low water levels explaing that during the high water 
levels and floods this catfish may show restricted movement due to reproductive activities, hence 
making them less vulnerable to fishing gear catchability. However, this work has also shown that the 

Fish catch

** correlation is significant at 0.01 level

 Fish Catch 
(no)

Fish Catch 
(Wt)

Rainfall Water L Rainy 
days

Fish catch (No)  Pearson Correlation
                            Sig (2-tailed)

No

Fish catch (wt)    Pearson correlation
Sig (2-tailed)
No

Rainfall               Pearson Correlation
Sig (2-tailed)
No

Water level          Pearson correlation
Sig (2-tailed)
No

Rainy days          Pearson correlation
Sig (2-tailed)
No
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high catch during the  dry season does not apply to Synodontis species alone, but also to other fish 
species around the dam. Also there is the tendency for high concentration of fish at low water levels to 
increase catchability.

Table 2. Fish species captured throughout the research period

Dry season Rainy season

Alesteidae

Characidae

Bagredae

Mochaidda

Momyridae

Cypridae

Claroteidae

Chyprinidae

Hepsetidae 

Claridae

Schibedae

Claroteldae

Osteoglossidae

Characidae

Osteaglossidae

Gymnorchidae

Chichlidae

Cluipeidae

Distichodontidae

 in Asa lake ilorin, Nigeria. Ph.D. Thesis, University of ibadan, Nigeria

CONCLUSION 

Araoye, P.A. (2002)."Man-made lakes, ecological studies and conservation needs in Nigeria." 
 Revista de Biología Tropical, vol. 50, no. 3-4, Dec. 2002, pp. 857.

Findings indicate that there are significant correlations betweeen rainfall , water level and fish catch. 
Given the fluctuating water level conditions, effective control of fishing effort in Lake Kainji is likely to 
have positive influence on its annual fish yield. Sustainable management of the lake's fishery resource 
should include measures aimed at mitigating both human and climate-induced impacts on the lake 
level.
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          Sulaiman, et al. (2022) states that Information and communication technology (ICT) is a 
general phrase used to describe a range of technologies for gathering, storing, retrieving, processing, 
analyzing, and transmitting information. As such, advances in ICT have progressively reduced the cost 
of managing information, enabling individuals and organizations to undertake information-related 
tasks much more efficiently.
Information and communication technologies (ICTs) play inevitable roles in every aspect of human 
activities today, including agriculture. The key players in agriculture are the farmers, and their ability to 
use improved technologies defines the role of ICT in agriculture generally (Nwagwu and Opeyemi, 
2015). The use of ICTs seems to be on the increase now globally as it increases access to and exchanging 
of information, ICT offers the potential to increase efficiency, productivity, competitiveness and 
growth in various aspects of agricultural sector. Those that engage in agriculture in small scale utilize 
various forms of ICT such as mobile phones, computers, the internet, and so forth (Yekinni et al. 
2019). ICTs have been a great companion in sustainable development issues in remote areas as it 
enhances production capacity of the rural dwellers. Similarly, they can be used to breakdown both 
national and international barriers and have turned the world into a universal village, making 

INTRODUCTION

The study assessed the current technologies used by farmer in Enugu-
Ezike Agricultural Zone for the purpose of receiving and 
disseminating information in fish farming enterprise.  A multistage 
sampling procedure was used to select 116 respondents. Data for the 
study was collected using interview schedule and analyzed with 
descriptive statistics. Factor analysis was used to analyze the 
constraints. Results showed that (72%) are males, about (81%) are 
within the age bracket of 21 – 50 years. 100% of the fish farmers are 
literate and about (27%) earn above N 2,000,000 per year. Mobile 
phones had a high level (100%) of use, followed by Facebook 
(34.48%) and e-mail (16.38%). The fish farmers' preference in use of 
ICTs showed that mobile phone (47.41%) was preferred followed by 
Facebook (20.69%) and Television (14.66%). The constraints faced 
by the fish farmer in the use of ICT's include; high cost of the device, 
low income of the farmers, erratic power supply and low scale fish 
production among others. It was recommended that adequate 
training be given to the fish farmers by the extension officers in the 
use of multiple ICTs to increase their production and income. Supply 
of power and network services should be improved by the various 
bodies responsible for the services and a good government policy that 
will favour fish farming be put in place.

ABSTRACT

Keywords:
Current Technologies,
fish farmers, Enugu-Ezike
Agricultural Zone,
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information available to everyone, everywhere and at the needed time (Ogbonna and Agwu, 2013). 
The rapid growth in the demand for fish and fish products in Nigeria call for provision of efficient flow 
of information and knowledge to the fish farmers, without gender prejudice, for better decision 
making. Fish farming has become a common practice to increase income of practitioners and in the 
process reduce the wage bill expended on fish importation (FAO, 2022). Fish farmers thus need 
information to optimize production (Zeinab et al. 2014). Chhiato (2018) asserted that information 
dissemination is the activity of conveying and spreading one's ideas and knowledge through the 
exchange of thoughts, messages, as by symbols, signs, speeches, visuals, signals, writing, or behavior; 
and also, it is the meaningful exchange of information between two or among a group of people. Bello 
and Aghadiuno (2019) summarized information dissemination as the channel through which facts are 
linked to the rightful individual seekers and organizations. All these may not be achieved without the 
necessary information and communication technology (ICT) in place. 

Table 1: Sample size selection. 

Information technology in Nigeria has gone a long way, but despite its existence, there seems to be 
limited access and utilization of these technologies. Consequently, there is the need to examine the 
utilization of ICTs by fish farmers in Enugu-Ezike agricultural zone. Zango (2019) stressed that 
without constant power supply, the ICT facilities and equipment cannot be fully used for global 
purposes. There is dearth of information and data in this important area of agriculture in the study area

 Data were collected with the use of interview schedule from the selected respondents. The 
interview schedules were personally administered by the researcher.

Objective of the study: The major objective of the study was to assess the level of use of ICTs among 
fish farmers in Enugu-Ezike Agricultural zones of Enugu State. 

MATERIALS AND METHOD
This study was carried out in Enugu-Ezike agricultural zones of Enugu State, comprising of Igbo Eze 
North, Igbo Eze South and Udenu Local Government Areas. A multistage sampling technique was 
used in the study. Four communities from each of Local Government Areas were purposely selected 
because of their fish farming activities.  Twenty percent of fish farmers were selected through random 
sampling procedure from each of the twelve communities to give a total of 116 respondents. 

 Descriptive statistics was used to show the frequency, percentages and means. Factor analysis 
was used to determine the constraints of the fish farmers in the use of ICTs.

Source; Adapted from Enugu State Ministry of Agriculture Fisheries Sector 2021.

Enugu-Ezike Agricultural Zone   LGA    Communities    Sample Frame Sample Size

                                                  
Igbo Eze North Ogrute 45                      9

Imufu 36              7
Arji 48                       10
Umuida             41                   

Igbo Eze South Ovoko               51                      10
Iheaka 49                     10
Ibagwa-Aka 66                      13
Itchi 50                       10

Udenu Obollo-Afor     44                9
Orba 58                       12
Immilike           45                       9
Ugbeleajima     46                       9
Total             579                     116
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Socio-economic Characteristics of Fish Farmers                                        

Table 2; Socio-economic Characteristics of the Respondents

Table 2 revealed that majority (72%) of the respondents were males, while 28% were females. The high 
number of males shows their dominant position in the farm family decision making and as heads of 
families. The result agrees with works of Akinpelu et al. (2013) who reported 27 females out of 110 
fish farmers in Oyo State, Nigeria. Also, Adelakun et al. (2015) reported 85% and 15% of male and 
female involvement in catfish farming. Women generally are burdened with family responsibilities and 
hardly have enough time for businesses like this. They may also not have access to capital for 
investment. These could have been some of the reasons only a few women were involved in the catfish 
production in the locality. The dominance of men in fish production was also reported by Umaru, et al., 
(2016).  About (81%) of the farmers are between 21 - 50 years. This shows that they might be healthy 
and strong to perform the task of fish farming. This result agrees with Udo and Nyienakuna (2008) 
who reported that age of fish farmers which lies between 20 and 40 years positively influenced 
adoption of fishing technologies. Also, age of fish farmers 50 and above was found to have positively 
influenced activities of fish farmers at Jos (Solomon and Isaac, 2018).

Table 2 revealed that about 27% earn above N2, 000,000 per year. Income is one of the major factors 
that impinge adoption of information and communication technologies. Income inequality will result 
in fish farmers with better income to adopt information technology positively in their farming routine 
while comparatively those with low income will do the different way (Gine and Klonner, 2005).

RESULTS AND DISCUSSION 

It was found that (100%) of the respondents were literates as shown on Table 1.  Education helps in 
socialization, exposure of people, and in the adoption of recommended farm practices and 
technologies. High literacy level of the respondents is an added advantage since improved educational 
level tends to facilitate more curiosity and interest in proven aquaculture technology. This result agrees 
with Jiriko et al. (2015) who found that majority (57.5%) had tertiary education with many graduates 
and postgraduate degree holders. This result is similar to the findings of (Sule et al., 2009) that 62% of 
fish farmers had tertiary education. Education reduces the amount of complexity perceived in a 
technology thereby increasing adoption. The respondents have put in many years in fish growing. The 
table also revealed that 63% had put in ≤10 years. The mean fish farming experience was 11.40 years. 
The implication is that the respondents are experienced and has higher likelihood of risk in their 
occupation. It shows that the respondents have a good knowledge of fish farming. This result disagrees 
with the result of Aphunu and Atoma (2011) who reported that 18.3% of fish farmers in Isoko Delta 
state had 6 – 10 years' experience in fish farming.
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Table 3 below shows that new technological applications are being used across the fisheries value chains 
(inland and aquaculture). Mobile phones as well as traditional media such as the radio are used in 
promotion of agricultural development. ICTs are known to enhance or expand human networks (Yun 
et al. 2016). Mobile technology has a particularly positive impact in this area, fosters networks of 
farmers and agribusiness, so that they can support each other. Specialized applications are developed to 
further extend this impact, mobile phones for trading and emergencies, radio programming targeted at 
and in many cases compiled by fishing communities and Web-based serves fisheries specific 
information and networking resources (Ejiogu-Okeke, et al., 2016). Nwobodo and Nwabugwu (2016) 
reported a high usage of ICTs by farmers in Anambra State, Nigeria. Wole-Alo and Oluwagbemi (2020) 
reported a high level of usage of ICTs by farmers in Ondo State, Nigeria. The video CDs are used by the 
fish farmers in watching documentaries on fish farming and programmes, Satellite television helps 
deliver signals in areas where customers may not be served by cable television or “terrestrial” 
broadcasting. The fish farmers use the television in watching the State broadcast on agricultural 
programmes example fish productions in the State. This result agrees with the assertion that among 

 
Variables                      Frequency         Percentage

Sex 
 

Male 
  

84 72
Female 32 28
Age
21 – 30 18 16
31 – 40 36 31
41 – 50 40 34
51 - 60 21 18
Above 60 1 0.9
Level of education
Primary 5 4
Secondary 55 47
Tertiary 56 48
Farming experience

<10 73 63
11 – 20 32 28
21 - 30 10 9
31 – 40 1 0.9
Annual income 

<# 500,000 22 19
#500,000 – #1,000,000 30 26
#1,000,000 - #1,500,000 20 17
#1,500,000 - #2,000,000 13 11
Above #2,000,000              31 27

Source; field survey 2022
Levels of ICTs Usage.
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Source; Field survey 2022
Figures outside the parenthesis are frequencies and those inside parenthesis are percentages

Table 4 revealed the preferred ICT among the farmers. A good number (47.41%) preferred Mobile 
phones.  Mobile phones are used in various ways; used for making calls, sending short messages. Those 
with Android mobile phones could check their e-mails, browse the internet and send messages through 
Facebook, WhatsApp, telegram and instagram. They could listen to radio programmes and use it as 
television.  It shows that the fish farmers are literate and can make use of electronic media. The result 
indicates that use of mobile phones are reliable for adoption. New information and communication 
technologies are used across the fisheries value chains (maritime, inland and aquaculture). In addition, 
motivating farmers in adoption of new agricultural technologies remained a focal point of the 
agricultural extension (Muddassir et al., 2016). Several studies have been conducted and prove that 
fish farmers prefer mobile phone with different purposes and goals. It has been observed by different 
experiences that modern fish farmers require accurate and reliable information. Mobile phones are 
good source of communication to connect with customers' relatives and friends on market prices and 
availability of technologies. This aid adoption of improved fish production technologies.

Preferred ICTs by the Respondents 

 Use of this technology improves fish farmers' basic livelihoods in indirect ways. In this case it has been 
observed that mobile phones empowered the life of the fish farmers for trading and exchanging the 
information about weather, danger and location among each other. By using mobile communication 
technologies their lives can be improved. Furthermore, mobile phones can provide opportunities to 
fish farmers and merchants to communicate with each other by calls, short message services (SMS) 
even farmers could sell their product while still harvesting (Zango, 2019).  This study showed that 
mobile phone, Facebook, WhatsApp, e-mail and radio were the most commonly preferred ICTs.
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Digital and electronic technologies are transforming our economies, societies and lives. Technology has 
had a profound impact on the information and communication technologies. 

modern ICTs, mobile phones serve as a means for effective transfer of knowledge and information 
about agricultural market and technology to farmers that enable them to apply the knowledge directly 
to improve their farming output and make easy access to market (Chhachhar et al., 2014).

Table 3; Level of ICTs usage in the study area
ICT   High F(%)     Low F(%)   Moderate F(%) Not used F(%) Mean 
Mobile phone 116(100) - - - 4
WhatsApp 8(6.90)           5(4.31)       103(88.79) - 2.98
Radio 9(7.76)           7(6.03)         99(85.34) 1(0.86) 2.95
Video CD - 70(60.34)       7(6.03) 39(33.62) 1.67
E-mail 19(16.38)       44(37.93) 38(32.76) 15(12.93) 2.46
Facebook 40(34.48)      44(37.93) 15(12.93) 17(14.66) 2.59
Cable media - 20(17.24) 20(17.24) 76(65.52) 1.50
Satellite television - 1(0.80) 39(33.62) 76(65.52) 1.62
Webcasting video - 26(22.41) 10(8.62) 80(68.97) 1.42
Home video 6(5.17) 29(25) 81(69.83)

Table 4: Preferred ICTs by the Respondents

ICT Percentage

Mobile Phone 47.41
WhatsApp 14.66
Facebook 20.69
E-mail 7.76
Radio 6.90
Satellite television 0.86
Webcasting television 0.86
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Secondly, administrative constraints such as erratic electricity power supply, fluctuation of services, 
lack of maintenance can adversely affect accessibility of fish farmers to ICTs and this in turn, can slow 
down the rate of use in Enugu State.

Thirdly, Environmental constraints such as poor access to ICTs can affect both accessibility of fish 
farmers to ICTs. Fourthly, technological constraint such as complexity and poor connectivity of ICT 
can pose as a barrier to rural fish farmers' use of ICTs in their fish farming business. Take for instance, 
poor connectivity to internet due to remoteness of some rural areas to urban centers where ICT 
facilities are found may hinder fish farmers from having access to ICTs.

These four major categories of constraints have several implications as far as use of ICTs is concerned. 
Firstly, socio-economic constraints can adversely affect fish farmer's access to ICTs facilities and this in 
turn, can affect its use. Take for instance, high cost of devices, low income of fish farmers, unavailability 
and cost of batteries can mar fish farmers' accessibility to ICT facilities.

Besides, some ICT facilities are too complex for rural fish farmers to comprehend or understand and 
put into use. This result agrees with the works of Aphunu and Atoma (2011) who found that lack of 
government enabling policy is one of the main pressing constraints to effective usage of ICTs in Nigeria. 
Maintenance problems, low scale of fish production and rural poverty were also identified as serious 
constraints to ICTs use by fish farmers. Suleiman et al., (2022) stated that government's low level of 
assistance to ICTs infrastructural provision and absence of any policy to encourage farmers gain ICT 
education pose as threats to agricultural development. Ejiogu-Okeke et al. (2016) in their work in 
Rivers State found that; high cost of device, low income of farmers, low level of education, poor access 
to ICT device and erratic power supply are major constraints in the use of ICTs by the fish farmers. 

Source; Field survey 2022  
Constraints Faced by the Fish Farmers in Accessing ICT Facilities in Enugu-Ezike Agricultural Zone.
Table 5 shows that there were four major categories of constraints faced by the fish farmers in accessing 
information in Enugu-Ezike Agricultural Zone, namely; Socio-economic constraints (Factor1), 
Administrative constraints (Factor 2), Environmental constraints (Factor 3) and Technological 
constraints (Factor 4). This is in line with the works of Yekinni et al. (2019) who indicated that fish 
farmers are facing many problems and hindrances in ICT usage.

Table 5: Factor Analysis of Constraints to Accessing Information by Fish Farmers.
             Variables Factor 1     Factor 2       Factor 3 Factor 4

1. High cost of devises (HCD) 0.5496*     -0.353 0.1474 0.1800
2. Low income (LI) 0.6209*     -0.1213     0.0451 0.1064
3. Poor access to ICTs (PAI) -0.2258       0.2317 0.6888***    0.0886
4. Erratic power supply (EPS) -0.4453       0.6964** 0.2103 0.1119
5. Poor connectivity (PC) -0.3626       0.3214          0.0616 0.7084****
6. Inadequate policy framework (IPF) -0.0929    0.5378**    .2562 -0.1451
7. Low scale of fish production (LSFP -0.2868    0.4554** 0.2356 -0.2894 
8. Low skills (LS) 0.3669 0.3261      0.1387 -0.3388
9. Low awareness/knowledge (LAK) 0.4265* 0.3020 -0.0024 -0.2840
10. Language barrier (LB) 0.3616* 0.4149 -0.1599 -0.1605
11. Lack of interest (LI) 0.6796* 0.1601 -0.2567 0.0460
12. Time of transmission (TT) 0.1499       0.5763** -0.1329 0.3018
13. High call tariff (HCT) -0.1126     0.5548**     0.1598 0.0720
14. Rural poverty (RP)                       0. 5321     0.1473        -0.1533   0.0562
15. Poor maintenance of tools (PMT) -0.5015     0.4644 **  0.1846       0.1664
16. Unavailab. and cost of batt. (UCB) 0.3749* 0.2725        -0.0527     0.0989
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ICT plays important roles in fish farming. ICT devices such as mobile phones are highly used, also 
Facebook, email, radio, WhatsApp and home video are used at a certain high level in the study area. The 
results showed various other levels of use of the ICTs. The fish farmers preferred mobile phones in 
their fish farming activities followed by Facebook and radio.  This implied that ICT increases 
production and accessibility of fish among the farmers and customers.
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FOOD SECURITY ANALYSIS OF PARTICIPATING AND NON-
PARTICIPATING FARMERS IN THE INTEGRATED RICE-FISH 
TECHNOLOGY IN NIGERIA

The world's evolving landscape of agricultural production systems is influenced by urban expansion, 
technological advancements, population growth, and shifting consumption patterns (Pawlak and 
Kołodziejczak, 2020; Tokula, 2018). One notable development significantly impacting food security 

INTRODUCTION

ABSTRACT
Rural farming households in Nigeria are facing food insecurity due to 
poverty, lack of infrastructure, and declining agricultural 
productivity. Participating in agriculture programs can go a long way 
in reducing these problems. Thus, this study examined the food 
security among participating and non-participating farmers in the 
integrated rice-fish system. Using a multistage sampling technique, 
primary data was collected from 458 farmers, including 178 
participating and 280 non-participating farmers in Kebbi and Ebonyi 
States.  The study used descriptive statistics and Foster Greer and 
Thorbecke (FGT) to determine the food security level of the 
farmers. Findings show that the mean ages were 45 years ±10.04 and 
47 years ±11.44 for participating and non-participating farmers. The 
distribution of the farmers by gender revealed that 82.02% of the 
participating farmers in the integrated rice-fish technology were 
male, while 17.98%were female. The distribution for the non-
participating farmers shows that 73.93%were male while 26.07% 
were female. The mean household sizes for the participating and non-
participating farmers were 7 and 8 members, with the maximum 
household size members being 15 and 17, respectively. The FGT 
analysis shows that the food insecurity incidence was 0.416 and 
0.441, the coefficient of food security depth was 0.139 and 0.163, 
and the food security severity was 0.070 and 0.079, respectively for 
the participating and non-participating farmers. The study concluded 
that food insecurity was higher among the non-participating farmers 
than the participating farmers and recommended improving rural 
households' food expenditure through modern farming practices, 
infrastructure improvement, market access, and continuous 
education. 

Keywords:
Food security, Integrated
rice-fish farming, Rural
households, Nigeria 
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MATERIALS AND METHOD

The study modified the Foster Greer and Thorbecke (FGT) poverty measure to determine the food 
security measurement. The FGT index was used to determine the threshold that was used to 
categorise the participating and non-participating farming households into food security classes. 

and livelihoods is the integration of fish farming into rice production systems. This response to 
increased fish demand and advancements in aquaculture technologies is a game-changer. Rice, a 
fundamental food source for many and a significant contributor to global caloric intake, is now being 
enhanced by adding fish (Mohidem et al., 2022; Fukagawa and Ziska, 2019). This integration is 
significant and urgent in Nigeria, where rice consumption has risen at an unprecedented rate due to 
urbanization, improved incomes, and a preference for rice over other grains. As a critical protein 
source, fish is vital to Nigeria's food security. The issue of food security, encompassing food availability, 
access, and utilisation, is of utmost importance. Nigeria faces acute food insecurity due to various 
factors such as climate change, poverty, corruption, violence, and conflict. This has led to stunting, 
wasting, underweight children, and inadequate food access (Peng and Berry, 2018; Berry et al.,2015). 
Over the years, the demand-supply gap in rice production has been persistent. Rice consumption has 
increased to 7.8MT, with milled rice production still at 5.2MT, leading to a deficit of 2.6MT in 2023 
(Statista, 2022). According to the Aquaculture in Nigeria Fact Sheet (2019), to meet the dietary needs 
of its 200 million inhabitants, the nation still needs about 2.66 million metric tons of fish annually. 
Sadly, despite fish making up approximately 41% of the average Nigerian's animal protein intake, the 
country's total annual domestic fish supply from all sources (capture and culture fisheries) is less than 
0.7 million metric tons; as a result, fish's high demand in Nigeria is unavoidable (WorldFish, 2024; 
FAO, 2022). Furthermore, the poverty situation in Nigeria is a concern, with a substantial percentage 
of the population experiencing multidimensional poverty (National Bureau of Statistics [NBS], 2022). 
The integration of fish farming into rice production offers economic, environmental, and social 
benefits and holds the potential to combat hunger and malnutrition. This system enhances water, land, 
and resource productivity while broadening the aquaculture value chain with minimal environmental 
impact. It supplies nutrients for both rice and fish, reducing manual labour as fish serve as natural 
weeds, pest controllers, and fertilisers. The dietary advantages of the rice-fish culture system are 
crucial in our fight against hunger and malnutrition, offering a significant potential to improve food 
security (Berg et al., 2023; Wambugu, 2020; Feifan et al., 2021). This study analyses the food security 
status of farmers involved in integrated rice-fish systems. By determining the impact on their 
livelihoods, we can gain valuable insights into the potential of these systems to alleviate poverty and 
improve food security. Examining the food insecurity of rural households from a consumption 
expenditure perspective is crucial for policy. The FGT poverty measure is a valuable tool for 
understanding and addressing poverty. Its flexibility, clarity, policy relevance, and theoretical 
foundation make it a powerful instrument for measuring and monitoring poverty reduction efforts.

Following Foster Greer and Thorbecke (1984), the FGT index is given by 

The research was conducted in Nigeria, specifically focusing on Ebonyi in the Southeast and Kebbi in 
the Northwest, both prominent regions for rice production and part of the intervention zone for the 
Feed the Future Innovation Lab project. Ebonyi state is known for its Ebonyi or Abakaliki rice, making 
it an ideal environment for rice production, while Kebbi State's savannah environment is conducive to 
rice farming. The study collected data from participating and non-participating farmers in the rice-fish 
farming system under the USAID/FAO Feed the Future project. A multi-stage sampling technique 
was employed, selecting 458 farmers, including 178 participating and 280 non-participating farmers.
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œ= 1, gives the depth of food insecurity. It denotes the proportion of food security line that the food 
insecure household will require to get out of food insecurity

t= number of rice-fish farmers sampled

œ= A positive parameter of food security could be 0, 1, or 2. They are reflections of the social valuation 
of food insecurity intensity.

z - y = food security gap of the ith farmert

y =The value of food security indicator index per capita. In this case, Per Capita food accumulation of t

the ith rice-fsh farmers

œ= 0 gives the headcount of food insecurity. It measures the incidence of food security in households.   

In Table 1, we present the socioeconomic characteristics of the rice-fish farmers. The distribution of 
the farmers by sex showed that 82.02 % of the participating farmers in the integrated rice-fish 
technology were male, while 17.98 %were female. The distribution for the non-participating farmers 
shows that 73.93 %were male while 26.07 %were female. This agrees with the study of (Ogunkule et 
al., 2023 Omotesho et al., 2015), where male-headed households adopt rice technology more than 
female-headed households. The distribution by age shows that the participating farmers' minimum 
and maximum ages in the integrated rice-fish technology were 18 and 68 years, while the minimum 
and maximum age of non-participating farmers were 22 years and 77 years, respectively. The average 
ages were 45 years ±10.04 and 47 years ±11.44 for participating and non-participating farmers. This 
result implies that farmers are still at an active working age while engaging in agricultural activities in 
the study area. As such, the farmers would be more productive.  The distribution of the farmers by 
household size shows that the mean household sizes for the participating and non-participating farmers 
were 7 and 8 members, with the maximum household size members being 15 and 17, respectively. 
These present findings are consistent with (Amoo and Fasakin, 2020), where many farming households 
suggest the availability of family labour for farm production. Findings also reveal that a significant 
percentage of participating farmers 94.38% and non-participating farmers, 95.00%, were married. 
This suggests the crucial role of the family in farming, as being married and having children or 
dependents can provide the necessary family labour required on the farm, a characteristic widespread 
in Nigeria's rural areas (Iyanda et al., 2014). The distribution of the rice-fish farmers by their education 
level showed that a more significant percentage of participating farmers 63.49% had formal education 
(primary, secondary and, tertiary), lower than the 66.86% of the non-participating farmers. Also, 
26.40% and 28.57% of the participating and non-participating farmers had no education. This 
highlights the importance of education in technology adoption, as access to formal education has been 
identified as a veritable tool for technology adoption. This agrees with (Ogunkunle et al., 2023), in 
which most farmers adopting improved rice technology had primary, secondary, and tertiary 
education. The distribution of the Rice-Fish Farmers by access to credit indicates that 50% of the 
participating farmers had access to credit while 50% did not have access to credit. Results for non-
participating farmers show that the majority, 61.07%, did not have access to credit, while 38.93 %had 
access to credit. The lack of credit access by the non-participants might be because of their inability to 
meet collateral and stringent demands by the credit providers; thus, this may inhibit their likelihood of 
adopting agricultural technology. This present finding of the non-participating farmers' poor credit 

es how far away the food-secure households are from the food-security line
œ=2, gives the severity of food insecurity. It measur

 Note that 

Descriptive statistics of the households. 
RESULTS AND DISCUSSION

MPCFE = Total food of Expenditure

Household Size 

(2)

= food security ratio
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access agrees with Babatunde et al.'s (2017) study, where farmers in rural areas had inadequate access 
to credit for their production. 

Results further revealed that 69.66% of participating farmers were members of cooperatives, while 
30.34% of the farmers were not. Of the participating farmers, 34.29% were cooperative association 
members, while 65.71% were not. This underscores the role of cooperatives in technology adoption, as 
membership in a cooperative enables farmers to interact with other farmers, share their experiences, 
and assist themselves. The cooperative association is an avenue through which farmers can interact, 
and it is a channel of technology or innovation (rice-fish technology) diffusion. Membership in a 
cooperative enables farmers to interact with other farmers, share their experiences, and assist 
themselves. The interaction of farmers with one another is an avenue through which innovation 
diffusion can occur. This aligns with the study of (Kolapo et al., 2022), where most farmers engaged in 
agriculture technology were members of cooperative associations. The distribution of rice-fish farmers 
by access to extension services. The finding indicates that the majority, 61.79% of the participating 
farmers, did not have access to extension services, while 38.20% had access to extension services. For 
the non-participating farmers, a more significant percentage, 65.71%, did not have access to extension 
services, while only 33.57 % had access to extension services.  Also, the mean of farming experience for 
participating and non-participating farmers in the integrated rice-fish farming is 27.14years±11.32 
and 25.15years±13.53. This result implies that farming experience was averagely high, indicating that 
most rice-fish farmers are likely to be more experienced in using innovative techniques to increase 
productivity in the study area. Lastly, the distribution of rice-fish farmers by phone usage reveals that 
the majority, 94.94 %of the participating farmers, had access to phone usage, while 5.06 %of the 
participating farmers did not have access to phone usage. For non-participating farmers, the result 
shows that the majority, 83.21%, had access to phone usage while a few, 16.79%, did not have access to 
phone usage. This implies that having access to phone usage might eventually lead to timely access to 
vital information on innovation for the farmers. It might also lead to the improvement of farmers' 
livelihoods. 
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Table 1: Socioeconomic Characteristics of the Rice-Fish Farming Households 

Variable Participants  Non- Participants 
Sex  Frequency Percentage Frequency Percentage 
Male  146 82.02 207 73.93
Female 32 17.98 73 26.07
Age
≥20 03 1.69 00 0.00
21-40 50 28.09 89 31.79
41-60 114 64.04 152 54.29
61-80 11 6.18 39 13.93
Mean 45 47
Min 18 22
Max 68 77
Household Size
≥5 0 00.00 76 27.14
6-10 36 20.22 143 78.21
11-15 120 67.42 43 93.57
16-20 15 8.43 11 97.50
21-25 07 3.93 06 2.142
>26 0.00 0.00 01 0.36
Mean 7.46 8.25
Min. 1 1
Max. 15 17
Marital Status
Married 168 94.38 266 95.00
Single 08 4.49 02 0.71
Divorced 00 0.00 01 0.36
Separated 01 0.56 06 2.14
Not married 01 0.56 05 1.79
Primary Occupation
Farming 74 41.57 33 11.79
Rice-farming 66 37.08 159 56.79
Artisan 20 11.24 38 13.57
Fish farming 00 0.00 15 5.36
Civil servant 18 10.11 35 12.5
Education Level
Formal Education 113 63.49 190 66.86
Adult Education 06 3.37 02 0.71
Religious 12 6.74 08 2.86
No education 47 26.40 80 28.57
Access to Credit
Yes 89 50 109 38.93
No  89 50 171 61.07
Cooperative Association
Yes 124 69.66 96 34.29
No 54 30.34 184 65.71
Access to Extension Services
Yes 68 38.20 94 33.57
No  110 61.79 186 65.71
Farming experience
≥20 52 29.77 127 45.35
21-40 108 60.78 124 44.28
41-60 17 9.55 29 10.35
Mean 27.14 25.15
Min. 01 02
Max. 50 60
Owned Telephone 
Yes 169 94.94 233 83.21
No  09 5.06 47 16.79
Total 178 280
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Source: Field Survey, 2023
Profiling Participating and Non-participating Rice-Fish Farming Households by Food Security Status
The participating and non-participating farmers in the integrated rice-fish system were further 
classified by their food security status to determine the level of food security in the study area. The 
food security indicators of the participating and non-participating farmers of the integrated rice-fish 
system in Northwest and Southeast Nigeria are shown in Table 2. The table shows that the food 
security line of the participating and non-participating farmers was �2102 and �1830, respectively. 
The food insecurity headcount was 0.416 for the participating farmers and 0.441 for non-participating 
farmers. This implies that 41.6 percent of the participants and 44.1 percent of non-participants were 
food insecure or affected by food insecurity. The participating farming households who spend below 
�2102 monthly are considered food insecure, while those who spend exactly �2102 are considered not 
food poor. The non-participating households who spend below �1836 monthly are regarded as food 
insecure, while those who spend precisely �1830 are regarded as not food poor. The coefficient of food 
security (gap), the income shortfall for the participating and non-participating in the integrated rice-
fish culture technology, was 0.139 and 0.163, respectively. This implies that the participating farmers 
in the integrated rice-fish system required less food expenditure to get out of food insecurity when 
compared with non-participating farmers. The food security depth or gap explains the gap between the 
poor farmers and the food security line, which is 0.139, and it will take the poor rice fish farmers 
�29217.8 to cover up or make up for the food security gap. The food security depth or gap explains the 
gap between the poor farmers and the food security line, which is 0.163 and it will take the poor rice 
fish farmers �29,926.8 to cover up or make up for the food security gap. The food security severity was 
0.070 and 0.079, suggesting that non-participating farming households are worse off than the 
participating households, i.e. 7 percent of the participating farming households and 7.9 percent of the 
non-participating households suffer severe food insecurity. 

Table 2: Distribution of the Rice-Fish Farmers by Food Security Status of the Participants and Non-
Participants in the Integrated Rice-Fish System

The study confirmed that the rice-fish farming households in Kebbi and Ebonyi state are grappling with 
food insecurity issues. Notably, food insecurity was higher among the non-participating farming 
households than the participating ones. Moreover, the study revealed a higher depth and severity of 
food insecurity in the study area. Notably, the analysis also identified a varied degree of food insecurity 
incidence, depth, and severity among the households, compared with some selected socioeconomic 
variables of the farmers. Therefore, the study recommends that increasing rural households' per capita 
food expenditure can significantly improve their food nutritional status and overall well-being. This 
can be achieved by introducing modern farming practices, such as improved seeds, fertilisers, and 
irrigation systems, to increase crop yields and improve rural infrastructure such as roads, electricity, 
and irrigation services.

CONCLUSION 

Food security indices Participating Non-Participating 
Food security incidence (P0)                   0.416 0.441
Food security depth (P1)                      0.139 0.163
Food security Severity (P2)                   0.070 0.079
Relative food security line (₦) 2102 1836
Total 178 280

Source: Authors computation, 2023. 
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Amoo I.O and Fasakin I. J (2020). Determinants of Food Security Among Pepper Farming Households 
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ADOPTION AND BENEFITS OF MODERN FISH POND MANAGEMENT 
AND TECHNOLOGIES AMONG STUDENTS: A CASE STUDY OF KINGS 
COLLEGE, LAGOS

INTRODUCTION
Fish farming is expanding rapidly throughout the world and has a high potential for the provision of 
valuable protein in less developed countries. World aquaculture production attained an all-time high 
level in 2006, at 47.3 million tonnes excluding aquatic plants and non-food products (FAO 2015). 
According to National Information Centre (NIC) (2017), aquaculture plays an important role in many 
developing economies. In Nigeria, aquaculture is gaining increasing importance for employment 
creation and income generation, particularly in the socio-economic weak communities of fishermen, 
which represents the poorest section of the society in many developing countries (NIC, 2017). The 
average annual demand for fish in Nigeria by 2006 was estimated to be 2.66 million metric tonnes, 
(FDF, 2017). According to FAO (2020) aquaculture system is not operating in a sustainable and 
efficient manner, however, efforts are underway to develop new suitable techniques to grow the 
industry. The major problem has been the inadequacy of appropriate technologies (FAO, 2015). 
Aquaculture technologies have been developed and disseminated to fish farmers across the nation. 
Daniel et al, (2019), says, people do not just adopt technologies because of its availability but for its 

ABSTRACT
This study examined the level of adoption of aquaculture technology 
among students of Kings College, Lagos, Nigeria. Ten respondents 
were randomly selected from the school. Data were collected 
through use of well-structured questionnaires. Descriptive statistics 
such as percentage and frequency distribution were used to analyse 
the data.  The results showed that the respondents were mostly 
aware about pond types (70%), while the least areas of awareness was 
in feeding management,(100%). The students mostly adopted pond 
type management (70.0%), while their least adoption was Safety 
measures in the farm (90.0%). The results further showed that the 
respondents' highest benefits were in the practical knowledge of fish 
pond (50.0%) and with both practical knowledge of brood stock 
management. (50.0%). While their least benefitted areas were both 
in practical knowledge of feeding management (60.0%) and in 
practical knowledge of water quality management (50.0%). The 
respondents were mostly constrained by their lack of interest in 
agricultural training (60.0%),) While the least constraints 
encountered were stealing from the school ponds (0.0%).  The 
respondents mostly had a positive perception about their 
engagement and the impact of the programme, that their knowledge 
of fish farming has improved (x=4.40) and that they will like to 
specialize in fish farming as a result of the training (x=4.20). 

Keywords:
Aquaculture, Adoption,
Students, Benefits, 
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METHODOLOGY
Study Location
Kings College Lagos was chosen as an adopted school in 2018, for plastic pond technology for 
aquaculture and the team is now back there to evaluate, how the project and technology has impacted 
the students including adoption rate. Kings college Lagos is situated in south west Nigeria, at N0 3 
Catholic mission street, Lagos island, Nigeria. It is a boy's school established by an act of British 
parliament. (Latitude 51.511448, and Longitude 0.116414 degrees).

 Procedures for Data Collection
The team from the Extension Research and Liaison Services department (NIOMR), went on a field 
trip to Kings College, Lagos with the aim of evaluating the past activities and create more awareness 
and enlightenment in the area of fish farming which involved the agricultural students. On arrival at the 
school, three (3) staff including the agricultural science teacher were involved. The data collection 
method used was questionnaire which was filled by the students in addition to individual interactions. 
Ten questionnaires administered to the students were filled and also personal interview was carried 
out.

RESULTS AND DISCUSSION

usefulness. In the case of student participation in aquaculture, “catching them young” is the phrase for 
adaptation and adoption of youth into programs so as to make them get interested early. Fish 
production being an important aspect of food security is seen as a means to an end to help boost food 
production. Involving school students in secondary schools to participate in  aquaculture to spur their 
interest in fisheries as a subject hence, making them future contributors to fish production in Nigeria 
was one of the reasons for this project. It means that interest of students should be aroused starting 
from the secondary school levels. This study was carried out to assess the level of adoption in fish pond 
technologies among the students of Kings College, Lagos, Nigeria. 

The results from table 1 showed that the respondents were all within the age range of 14 - 17 years 
(100%). (100%) of them were male and all of them (100%) were in SS1 class, with 1 of them (10%) 
owning a pond at home. Only one of them (10%) stated that their school pond stocking density was 50 
and above, while majority (80%) were not members of the school farmer's club with majority of them 
(90%) having their parent's educational background to be tertiary schools educational background. 
These findings agrees with the report of Sunberg and Hunt (2019) among some students in Eastern 
part of Africa and this could imply that majority of these students did not adopt the aquaculture 
technologies and this would have a positive outcome on their learning and behaviour as agricultural 
students, since many of them do not own fish pond at home and also don't belong to farmers 
membership club. 

Table 2 revealed the types of fish technologies the respondents in the study area are aware of. It was 
shown that they were mostly aware about pond types (70%), while the least areas of awareness was in 
feeding management. (100%). These findings are in line with the observation  of Akinwole et al. 
(2014) among some youths  in Ibarapa area of Oyo State, Nigeria. This is very obvious that the 
respondents are not aware of fishing technologies in these areas.
As shown in Table 3, the students mostly adopted pond type management (70.0%), while their least 
adoption was safety measures in the farm (90.0%). These results agrees  with the report of Azeez 
(2013) among some youths  in Ido Local Government  area of Oyo State, Nigeria This implies that 
they were rarely exposed to these areas in the fish farming technological field. Table 4 showed that the 
respondents' highest benefits were in the practical knowledge of fish pond (50.0%) and with both 
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practical knowledge of brood stock mgmt. (50.0%). While their least benefitted areas were both in 
practical knowledge of feeding management (60.0%) and in practical knowledge of water quality 
management (50.0%). These results agrees  with the report   of Azeez (2014) among some youths  in 
Ido Local Government  area of Oyo State, Nigeria. This implies that more efforts need to be applied in 
these areas of their least benefitted areas by their tutors and the programme in general in the future. 

Table 1: Socio-economic characteristics of the respondents

As reported in Table 5, the respondents were mostly constrained by their lack of interest in agricultural 
training (60.0%),). While their least constraints encountered were stealing from the school ponds 
(0.0%).  These findings agrees with the report of Sunberg and Hunt (2019) among some students in 
Eastern part of Africa. This implies that more emphasis should be laid on educating these youths about 
the agricultural-business potential of fish farming as against the age-long wrong impression of its 
tediousness and poverty proneness as a career path. As shown in Table 6, the respondents mostly had a 
positive perception about their engagement and the impact of the programme, that their knowledge of 
fish farming have improved (x=4.40) and that they will like to specialize in fish farming as a result of 
the training (x=4.20). While they also mostly had negative perception that fish farming is too tedious 
to practice (x=1.80) and also feel they can never take up a career in agriculture because farming is 
meant for the rural poor (x=1.70) likewise they will feel inferior as a student of agriculture in the midst 
of friends studying other courses with a mean of (x=2.60) and I feel all agricultural related jobs are 
dirty jobs (x=1.90). This implies that the programme had a positive impact on the student's choice of 
fish farming as a future career though there are more emphasis which need to be employed in changing 
their mind-sets from the old negative perception of fish farming and agriculture in general as a tedious 
venture and have a positive mind-set in other to be proud of fish farming as a career in the society. 

S/n Socio-economic Characteristics F %
1 Age

0-14 10 100
2 Sex

Male 10 100
3 Students class

SS1 10 100
4 Do you own a pond

Yes 1 10
No 9 90

5 No. of fingerlings stocked
0-40 9 90
50 and above 1 10

6 Membership of farmers club
Yes 2 20
No 8 80

7 Educational background of student’s parents
No formal education 0 00
Primary 0 00
Secondary 10 100
Tertiary 0 0

Source: field survey, 2022
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Table 2: Awareness of types of fish technologies
S/N Fish Technology Awareness (%) Not Aware (%) Mean
1 Brood stock management 40 60 1.60
2 Hatchery management 20 80 1.80
3 Nursery management 20 80 1.80
4 Pond fertilization 10 90 1.90
5 Water quality mgmt. 30 70 1.70
6 Feed formulation 50 50 1.60
7 Feeding management 00 100 2.00
8 Processing technique 30 70 1.50
9 Pond type management 80 20 1.00
10 Processing management 20 80 1.40
11 Improved charcoal fish smoking kiln 40 60 1.40
12 Improved solar fish dryer 70 30 1.10
13 Fish disease prevention and control 50 50 1.30
14 Fish preservation and storage technique 10 90 1.70
15 Proper fish handling 10 90 1.70
16 Safety measures in the farm 10 90 1.70
17 Digital marketing 30 70 1.70

Source: field survey, 2022

Table 3: Adoption of the different types of fish technologies
S/N Fish Technology Adopted (%) Not Adopted (%) Mean
1 Brood stock management 50 50 1.50
2 Hatchery management 60 40 1.40
3 Nursery management 30 70 1.70
4 Pond fertilization 50 50 1.30
5 Water quality mgt. 60 40 1.20
6 Feed formulation 30 70 1.50
7 Feeding management 40 60 1.40
8 Processing technique 50 50 1.30
9 Pond type management 70 30 1.10
10 Processing management 40 60 1.20
11 Improved charcoal fish smoking kiln 60 40 1.00
12 Improved solar fish dryer 50 50 1.10
13 Fish disease prevention and control 60 40 1.00
14 Fish preservation and storage technique 20 80 1.40
15 Proper fish handling 40 60 1.20
16 Safety measures in the farm 10 90 1.50
17 Digital marketing 30 70 1.50

Source: field survey, 2022

Table 4: Benefits derived from the training by the respondents
S/n Benefits Derived Always (%) Rarely (%) Never (%) Mean (%)
1 Practical knowledge of fish pond 50 40 10 1.70
2 Practical knowledge of brood stock mgt. 50 30 20 1.90
3 Practical knowledge of hatchery mgt. 40 40 20 1.80
4 Practical knowledge of water quality mgt. 20 20 60 1.40
5 Practical knowledge of feeding mgt. 20 20 60 2.10
6 Practical knowledge of processing techniques 40 30 30 1.70
7 Practical knowledge of fish marketing 30 30 40 2.10
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The length-weight relationship (LWR) has long been used as an essential measure to describe how a fish's 
weight increases in proportion to its length. This relationship typically reflects allometric growth, where 
different parts of an organism grow at different rates relative to each other. In fisheries, such relationships 
are vital for stock assessment, as they help estimate fish biomass, monitor species health, and predict 
growth rates over time (Olatunji, 2021). Accurate predictions of these growth patterns can lead to better 

INTRODUCTION
The West African Croaker (Pseudotolithus elongatus) is a species of significant ecological and economic 
importance in the Cross River Estuary, Nigeria. As a key target species for local fisheries, its population 
health directly impacts the livelihoods of fishers and the broader fishing industry in the region. 
Effective management of this species requires an understanding of its growth dynamics, which allows 
for more accurate management decisions, such as determining sustainable harvest limits and evaluating 
the potential impacts of environmental changes on fish populations (Abiaobo et al., 2023; Asuquo and 
Ifon, 2019; Jisr et al., 2018).

ABSTRACT
Accurate prediction of the length-weight relationship of 
commercially important fish species is essential for effective fisheries 
management in the Cross River Estuary. Traditional linear regression 
often fails to capture the non-linear biological growth patterns of fish, 
which typically exhibit allometric growth. This study evaluates the 
efficacy of Random Forest in predicting the length-weight 
relationship of Pseudotolithus elongatus. A dataset of 1,000 fish 
samples was collected from artisanal fish landings from January to 
December 2023. The length (cm) and weight (g) of each fish 
specimen were measured and analyzed using Python (Ver. 3.12.6). 
Performance was evaluated using Root Mean Squared Error (RMSE), 
Mean Absolute Error (MAE), and the Coefficient of Determination 
(R²). Linear Regression resulted in parameters a−2.62 and a=1.33, 
while Random Forest produced a=−2.64 and a=1.34. Both 
approaches indicated negative allometric growth (a<3). However, 
Random Forest significantly outperformed Linear Regression, 
achieving an RMSE of 51.2, MAE of 31.6, and R² of 0.98, compared 
to 121.5, 100.4, and 0.88 for Linear Regression, respectively. These 
findings demonstrate that Random Forest provides a more accurate 
and robust approach for modeling fish growth patterns. This can 
enhance fisheries management by generating reliable estimates for 
stock assessments and promoting sustainable harvest strategies.

Keywords:
Pseudotolithus elongatus,
length-weight relationship,
Random Forest, fisheries
management, machine learning 
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conservation strategies and more efficient management of fish stocks, especially for species like the West 
African Croaker, which plays a critical role in local food security and economic activity. However, 
predicting growth patterns accurately is a challenging task, as factors such as environmental conditions and 
genetic variability can introduce complexities into these relationships (Jisr et al., 2018).

Data Collection

Historically, traditional statistical models like Linear Regression have been widely used to estimate the 
LWR of fish. While Linear Regression offers simplicity and interpretability, it assumes a linear 
relationship between length and weight, which does not reflect the true, often nonlinear nature of fish 
growth dynamics. This assumption can lead to less accurate predictions unless the data is log-
transformed to linearize the relationship (Asuquo and Ifon, 2022; Kuriakose, 2014). In contrast, 
advanced machine learning models like Random Forest offer greater flexibility in capturing the 
inherent nonlinearities of fish growth without the need for data transformations. Random Forest, a 
decision-tree-based ensemble model, can model complex relationships between length and weight 
directly, improving predictive performance by accounting for interactions between biological and 
environmental factors (Luan et al., 2020). This capability makes it particularly useful for fisheries 
management, where growth dynamics are influenced by a variety of non-linear factors.
Despite the efficiency of advanced models like Random Forest (RF), there has been limited research 
comparing these approaches with traditional models, such as Linear Regression (LR), in predicting the 
LWR of economically significant species like Pseudotolithus elongatus in Nigeria. This study seeks to fill 
that gap by conducting a comparative evaluation of both models to determine which offers better 
predictive accuracy for fisheries management.

MATERIALS AND METHODS
Study Area
The study was conducted in the Cross River Estuary, located in southeastern Nigeria, a region 
renowned for its rich biodiversity and ecological importance (Asuquo and Enin, 2017). The estuary lies 
between longitudes 2°03'E and 10°00'E and latitudes 4°00'N and 8°00'N of the Greenwich meridian. 
Its drainage basin covers an area of approximately 54,000 km², with 74% situated in Nigeria and the 
remaining 26% extending into Cameroon (Zapfack et al., 2001). The estuary is characterized by a mix 
of freshwater and marine environments, providing critical habitat for numerous aquatic species, 
including the West African Croaker (Pseudotolithus elongatus). This species thrives in the estuarine 
ecosystem due to its rich nutrient content, which supports high levels of primary and secondary 
productivity (Ekpo et al., 2021). The site was selected based on the economic importance of the 
species to local fisheries and the availability of relevant fish populations for length-weight studies.

Sampling of Pseudotolithus elongatus was conducted over a 12-month period, from January to 
December 2023, using standard fishing techniques. Gill nets and traps with mesh sizes of 30-50 mm 
were deployed in different sections of the estuary to capture fish specimens (Ama-Abasi et al., 2022). 
Sampling was carried out weekly, with each session lasting approximately 5 hours, covering both high 
and low tide conditions. The fish were selected based on their availability, ensuring a wide range of sizes 
to capture the variability in growth patterns. Specimens that appeared injured or had obvious 
deformities were excluded from the study to maintain data integrity.

After each sampling session, the total length and body weight of each fish were measured. The total 
length (TL) was recorded to the nearest millimeter using a digital caliper, and the body weight (BW) 
was measured to the nearest gram using a digital weighing scale with a precision of ±0.1 g (Opeh et al., 
2023). Care was taken to ensure consistent measurement conditions, with all measurements taken on-
site immediately after fish capture to avoid weight loss due to dehydration.
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The cleaned dataset was then randomly split into training and testing sets, with 80% of the data allocated 
to the training set and 20% reserved for testing. The training set was used to train both the Linear 
Regression (LR) and Random Forest (RF) models, while the testing set allowed for the evaluation of model 
performance (Roy and Larocque, 2019). To further ensure robust model performance, a five-fold cross-
validation technique was used. This technique helped optimize the model parameters and prevent 
overfitting, ensuring that the results would generalize well to new, unseen data.

A total of 1000 fish specimens were analyzed, with lengths ranging from 10.0 cm to 62.5 cm and an 
average length of 36.3 cm. The weights varied from 4.7 g to 1369.9 g, with an average weight of 362.5 g 
(Table 1). The Random Forest (RF) model significantly outperformed the Linear Regression (LR) 
model, as shown in Table 2. The RF model achieved a lower RMSE (51.2 vs. 121.5) and MAE (31.6 vs. 

RESULTS

W = aLb        (1)

Data Preparation

Model Evaluation
The performance of both models was evaluated using Root Mean Squared Error (RMSE), Mean 
Absolute Error (MAE), and the Coefficient of Determination ®²). 

The LR model was fitted to the dataset, assuming a linear relationship between the fish's length and 
weight, following the classic allometric growth equation:

The dataset was randomly split into training and testing sets using an 80/20 ratio. The training set, 
comprising 80% of the data, was used to train both the LR and RF models, while the remaining 20% was 
reserved for testing their performance (Roy and Larocque, 2019). A five-fold cross-validation 
technique was employed to optimize the model parameters and prevent overfitting, ensuring results 
generalization beyond the training dataset.

where W represents the weight, L is the length, and a and b are parameters estimated by the model. 

log(W) = log(a) + b log(L)  

Before model implementation, the collected data underwent a thorough cleaning process. Outliers, 
such as extreme values that significantly deviated from the mean length and weight, were identified 
and removed based on a 1.5 interquartile range (IQR) rule to minimize their impact on model 
performance (Okamura et al., 2023). Any missing data were also addressed, with records missing 
either length or weight excluded from the analysis. The cleaned data were log-transformed to stabilize 
variance and normalize the distribution of the variables, making them more suitable for linear 
regression and other predictive models (Asuquo and Ifon, 2023).

    (2)

Given the non-linear nature of the relationship between length and weight, the data were log-
transformed. This transformation helped stabilize variance and normalize the distribution of the 
variables, making them more suitable for linear regression and improving the performance of 
predictive models (Asuquo and Ifon, 2023).

For the LR model, a linear relationship between log-transformed length and log-transformed weight 
was assumed, and the model was fitted using these transformed data. The resulting model aimed to 
estimate the parameters log (a) and b that define the allometric growth equation. In parallel, the RF 
model was trained using the same length-weight data. The RF model comprised 100 trees, with 
hyperparameters such as the number of variables considered at each split being optimized using grid 
search. Cross-validation was again applied to prevent overfitting and enhance the generalizability of the 
model's predictions (Roy and Larocque, 2019). The RF model, unlike LR, does not require 
assumptions about the functional form of the relationship between length and weight, allowing it to 
capture non-linear patterns and interactions in the data.
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100.4), and its R² value of 0.98 indicated a higher explanatory power compared to the LR model, which 
had an R² value of 0.88. The higher R² for the RF model suggests a better fit in explaining the variance in 
the dataset. This was further supported by the residual analysis, where the RF model showed smaller, 
more randomly distributed residuals co he LR model, indicating a superior fit. 
For both models, the growth coefficient b was calculated. The Linear Regression model yielded a growth 
coefficient (b) of 1.33, while the Random Forest model produced a similar coefficient of 1.34. These 
values are significantly different from 3, as indicated by statistical testing (p < 0.05), which suggests that 
the fish species exhibited negative allometric growth. The negative allometry is characterized by a lower 
weight gain relative to the increase in length, which is typical in many fish species, particularly as they 
mature. The similar values for b in both models reinforce the consistency of the allometric pattern 
detected by both the Linear Regression and Random Forest approaches. These findings highlight the 
improved performance of Random Forest in modeling the length-weight relationship in P. elongatus, while 
both models provide consistent evidence of negative allometric growth for this species.

TABLE 1: Descriptive Statistics for Length and Weight of Pseudotolithus elongatus

Length (cm) Weight (g)
Range Average Range Average
10.0 - 62.5 36.3 4.7 - 1369.9 362.5

Table 2: Performance Evaluation of Linear Regression and Random Forest Models

Model RMSE MAE R² a b
Linear Regression (LR) 121.5 100.4 0.88 -2.62 1.33
Random Forest (RF) 51.2 31.6 0.98 -2.64 1.34
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DISCUSSION
The results revealed that the Random Forest (RF) model significantly outperformed the Linear 
Regression (LR) model in modeling the length-weight (LW) relationship of Pseudotolithus elongatus. 
The LR model's lower performance can be attributed to its inherent assumption of a linear relationship 
between length and weight, which does not adequately capture the inherent non-linearity of biological 
growth. Fish growth typically follows an allometric pattern, where weight increases at a different rate 
than length, and this pattern is only partially addressed by the LR model, especially when no log 
transformations are applied (Kuriakose, 2014). The growth coefficient (b) for the LR model was 1.33, 
which indicates a negative allometric growth, consistent with the results from the RF model where 
b=1.34. Both coefficients are significantly different from the isometric value of 3 (p < 0.05), 
suggesting that the species exhibits negative allometric growth, where the weight does not increase 
proportionally with length. This finding is typical of many fish species, especially as they mature.
In contrast, the RF model proved more adept at capturing this non-linearity without requiring any prior 
assumptions about the relationship between the variables. As a non-parametric method, RF does not 
make assumptions about the functional form of the relationship between predictors (length) and 
response (weight). This flexibility is a key advantage of RF, as it can model the complex interactions 
governing fish growth, which are often influenced by environmental factors, genetics, and other 
biological processes. The RF model produced a growth coefficient that was identical to that of the LR 
model, indicating that RF can accurately capture the same biological pattern but with a better overall 
fit. This is reflected in the model's superior performance metrics, including a much lower RMSE, and a 
higher R², as well as a more favorable residual distribution.
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Moreover, the non-parametric nature of the RF model justifies its application in this study. While LR 
models require transformations (such as log transformations) to approximate non-linear relationships, 
RF does not rely on such transformations and is capable of modeling complex, non-linear interactions 
directly from the data. This makes RF particularly suitable for ecological and biological data, where 
relationships between variables can be complex and difficult to capture with parametric models. These 
characteristics of RF align with findings from previous research. For instance, Luan et al. (2020) 
demonstrated that non-linear models consistently outperform linear models when dealing with 
ecological datasets that involve multiple interacting factors. Similarly, Asuquo and Ifon (2023) 
emphasized the value of machine learning algorithms like RF for predicting ecological phenomena, 
particularly in cases where traditional statistical models fail to capture such complexity.
The superior performance of the RF model underscores its potential utility in fisheries management. 
Reliable length-weight relationships are fundamental for accurate stock assessments, which in turn 
inform sustainable catch limits. Such assessments are crucial for the conservation of fish populations 
and the maintenance of ecosystem balance. The adoption of RF models in fisheries science can lead to 
more accurate predictions and improve fisheries management strategies, ultimately contributing to the 
long-term sustainability of fisheries.
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ASSESSMENT OF INFORMATION AND COMMUNICATION 
TECHNOLOGIES ON CATFISH MARKETING IN SAPELE LOCAL 
GOVERNMENT AREA OF DELTA STATE, NIGERIA

Fish marketing majorly consists of all the activities involved in delivering fish from the producer to the 
consumer, through a veritable network of distribution (Bada and Rahji, 2010). Hence, fish marketing may 
be described as all those functions involved from the point of catching of fish, to the point of final 
consumption (Alam et al., 2010). Fish marketing plays a vital role in the lives of people living in coastal 
areas, fishing communities and areas with large concentration of fish farmers and consumers in terms of 
employment and nutrition (Madugu and Edward, 2011). Despite this, Ali et al. (2008) indicated that fish 
marketing provides additional income to many Nigerians who engaged in distribution of fresh and 
processed fish in rural and urban areas across the country. However, lack of appropriate marketing 
strategies, skills and knowledge in marketing has further complicated the situation leaving many fish 
farmers and fishers struggling to grow market share. As Sustainability of fisheries production largely 

INTRODUCTION

ABSTRACT
Information plays a vital role in increasing agricultural production, 
improving marketing, and enhancing distribution strategies. Hence, 
this study assessed the impact of ICTs on fish marketing in Sapele 
Local Government Area of Delta State, Nigeria. Primary data were 
collected from 100 respondents using purposive and simple random 
sampling techniques. Results were analyzed using descriptive and 
inferential statistics. The study revealed that the majority 93% were 
youth, the majority 70% female, 50% married, 50% household less 
than 10 and 69% attended with formal education. 85% were 
members of co-operative society with 59% earning less than N20, 
000. The research findings indicates ICT an important marketing 
tool in accessing customers (3.0), market information (2.9), 
advertisement of product (3.0), information on market days (2.55) 
and access to fish price (2.8) while the cut-off point of the mean was 
(2.5). This indicated that ICT has improved the knowledge of fish 
marketers on marketing information. T-test analysis shows that the 
mean (¯("x" )) of income and volume of sales (6.01) was higher using 
ICT compare to (4.59) before the use of ICT facilities. This indicates 
that ICT is effective in fish marketing in the study area. Erratic power 
supply, cost of ICT facilities, and access to affordable services were 
the major constraints faced by the respondents. Hence, this study 
recommends efficient power supply in the study area, to optimize 
usage of ICT in fish marketing. Availability of loan facilities through 
co-operative/micro-finance institutions in acquiring ICT tools.

Keywords:
Fish, Consumers,
Key management
and Gadgets, 
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depends on the producers receiving sufficient income. (Aswathy et al., 2014). However, marketing 
channels is an identifiable pathway through which goods and services flow before reaching the final 
consumer. Pauly et al., 2002 on the other hand described marketing institutions through which goods or 
services are moved from their producers to their consumers (Flood, 2006). Fish marketing is beyond 
advertising, selling, or making fish available to consumers. It is a key management that brings success to the 
business (Babalola et al., 2015).  Ladipo and Simwa (2022) asserted that an ICT machine is a small, 
transportable tool that may be used for numerous duties associated with records and conversation 
technology. These gadgets generally have a variety of features. They may be used for multiple purposes, 
which include staying linked with buddies and family, or getting access to records and entertainment. 
Common ICT devices encompass Smartphones; Tablets; Laptops; Desktop computers; Smartwatches; 
Fitness trackers; Virtual fact headsets; Augmented fact headsets; Wearable cameras; Smart TVs; Radio 
sets; USB flash drives; SD cards; Wireless headphones; Power banks; Portable audio system among others. 
To most people, their phone is the most essential gadget. They generally use it for forwarding texts, making 
calls, surfing the internet, checking email, and lots more. Fish marketing contributes significantly to the 
livelihoods and food security of the people in Sapele Local Government, Delta State, Nigeria and not 
much research has been carried out to verify the assessment of the impact of ICTs on fish marketing by fish 
marketers in this study area, hence, the need for this study. Due to this background, this study assesses the 
impact of ICTs on fish marketing in this area. The specific objectives are:
i. Describe the socio-economic characteristics of fish marketers in the study area.

The Study Area, Sample Procedure, and Sample Size.

iv. identify the constraints associated with using ICT in fish marketing in the study area.

The area of study is the Sapele Local Government Area of Delta State. It is located in the South-South 
geo-political zone of Nigeria. It lies between longitude 50 541 and Latitude 50 401 with an elevation of 
30 feet. Sapele Local Government Area has its headquarters in Sapele. It is bordered by Ughelli-North 
Local Government Area to the North, Warri- South Local Government Area to the East, Warri-North 
Local Government Area to the South, and Ethiope-West Local Government Area to the West. The 
study area has a total land area of 17,108 km2 and a population of over 238,000 people (NPC, 2006). 
Sapele has both wet and dry seasons. The study area has a tropical monsoon climate. The temperature 
of the study area is 290 C. It typically receives about 240.7 millimeters (9.46 inches) of precipitation at 
the time and 294.75 rainy days (80.75% of the time annually with a humidity of 78.85%). The 
economy of Sapele is based on agriculture, fishing, and timber. The catfish marketers in the study area 
constituted the population of this study. Purposive and simple random sampling techniques were used 
to select five (5) markets, they are Amukpe, Ghana, Ibada-Elume, Okirigwe, and Sapele markets. 
Twenty (20) respondents were randomly selected from each market to give a sample size of one 
hundred (100) respondents. The markets were purposively selected based on their prominence in 
catfish marketing.

MATERIALS AND METHODS 

iii. determine the impact of ICT on fish marketing in the study area.

Data collected for the study was obtained from a digitalized well-structured questionnaire with 
Computer Aided Interview (CAPI), an open-source application installed on Android phones. CAPI 
allows for recording interview responses on handled devices such as tablets or smartphones, rather than 
Paper Aided Personal Interviews (PAPI).

ii. investigate the level of usage of ICT by fish marketers

Method of Data Collection
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Cooperative Society: This indicates if the respondents were cooperators who belonged to one 
cooperative organization or not at the time the study was conducted.

The dependent variable is the assessment of the Impact of Information and Communication Technologies 
(ICTs) on catfish marketing. This was measured by using a mean rating of high and low on the income 
received before and after the impact of ICTs. The independent variables were;
Age: was measured by indicating the respondent's chronological age in years.

Measurement of Variables

Marital Status: was measured by the respondents indicating if respondents were married, single, 
separated, or divorced.
Household size: This is the number of people the respondent is housing at the time the data was 
collected.
Educational Qualification: This indicates the respondent’s educational attainment at the time of data 
collection.
Income: This is the money that the respondents obtains from the catfish marketing in Naira.

Sex:  was measured by the respondents indicating whether they were female or male.

Religion: This indicates the religious body the respondents belonged to at the time the survey was conducted
Ethnicity: This indicates the ethnic group the respondents belong to during the survey.

The distribution of socioeconomic characteristics of respondents is shown in Table 1. The majority (93%) of 
the respondents were youths between the age range of 20-49 while 17% of the respondents fell in the range of 
50 and above. This implies that the majority of the respondents were youths who were actively involved in the 
marketing of catfish. They also fall within the economically active age group as defined by the Food and 
Agricultural Organization (FAO,) (2009). This submission also agrees with Akinrotimi and Edun (2011), who 
reported a similar finding among Oyster marketers. The result also indicated that the majority (70%) of the 
respondents were females and (30%) were males. This reveals that females were more involved in Catfish 
marketing than males. This result agrees with Cliff et al., (2011) who reported that women are more involved 
in marketing than men, The result indicates that half (50%) of the respondents were married, a little above 
one-quarter (29%) of the respondents were singles, 14% were divorced and 7% were separated. This implies 
that the marketers have family responsibilities to attend to. This submission agrees with Etebu and Odiri 
(2023), who reported the same for market women's use of ICT gadgets in Nigeria. The result also depicts that 
(20%) have a household size of less than 5, half (50%) of the respondents have a household size of less than 10, 
one-quarter (25%) of the respondents have a household size greater than 10, and (5%) of the respondents have 
a household size of greater than 15. This reveals that the majority of the catfish marketers were using family 
members in their business operation and only a few hired labour due to the size of their family. This finding is in 
line with Otene et al., (2018). The respondents (21%) had primary school leaving certificates, (27%) had 
secondary school certificates, (21%) of the respondents had tertiary education and (31%) of the respondents 
did not attend any form of education at all. This gave a general insight that the majority (69%) of the 
respondents were knowledgeable enough to operate their ICTs and could derive information from these ICTs 
and can derive information from ICT gadgets. This finding is similar to Otene et al., (2017). The result from 
the table also shows that close to the total population (90%) were Christians, (5%) of the respondents were 
Islam and Traditional worshippers respectively. Half (50%) of the respondents were Okpe, (15%) of the 
respondents were Urhobos, one-quarter (25%) of the respondents were Itsekiris and (10%) were Ijaws. Over 

Method of Data Analysis
Descriptive and Inferential statistics were used to analyze the collected data, Descriptive statistics 
such as simple percentages, frequency count, and mean ratings were used to achieve objectives 1, 2, 
and 4 while inferential statistics such as paired T-tests were used to analyze objective 3.

RESULTS AND DISCUSSION   
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three-quarters (85%) of the respondents were cooperators while (15%) of the respondents did not belong to a 
cooperative society. Well over half (59%) of the respondents generated an income less than N20, 000:00k, 
one-fifth (20%) of the respondents generated income between N20, 000:00k-N40,000:00k, (11%) of the 
respondents generated income between N40,000:00k-N60,000:00k and (10%) of the respondents 
generated income greater than N60,000:00k. This implies that (90%) the respondents got below N60, 
000:00k monthly. 

Table1: Distribution of the Respondents according to their socio-economic characteristics.   

Characteristics Frequency Percentages
Age (Years)

20-29 25 25
30-39 28 28
40-49
50-59

60 and above
Total

30
10

7
100

30
10

7
100

Sex
Female
Male 
Total

70
30

100

70   
30

10
Marital Status

Married 50 50
Single 29 29
Divorced 14 14
Separated 7 7

Total 100 100
Household Size

0-5 20 20
6-10
11-15

15 and above

50
25

5

50
25

5
Total 100 100

Educational Qualification
Primary 21 21

Secondary 27 27
Tertiary

No Formal Education
21
31

21
31

Total 100 100
Religion

Christianity 90 90
Islam 5 5 

Traditional 5 5
Total 100 100

Ethnicity
Okpe 50 50

Urhobo 15 15
Itsekiri 25 25

Ijaw 10 10
Total 100 100

Cooperative Society
Yes 85 85
No 15 15

Total 100 100
Income Generated Monthly (Naira)

<20,000 59 59
20,000-40,000 20 20
40,000-60,000 11 11

>60,000 10 10
Total 100    100
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Source: Field Survey, 2024

Table 2: Distribution of Respondents according to Mean Rating the level of usage of ICTs by Catfish 
marketers

The distribution of means rating the Catfish usage of ICTs by Catfish marketers is shown in Table 2. 
The mean (x)of (3.0) of the respondents indicates that they used ICT tools to have access to 
customers, the mean (x) of (2.9) of the respondents used ICT to access market information, the mean 
(x) of (3.0) of the respondents use ICT to advertise their fish products. The mean (x)of (2.55) used 
ICT to know information on market days and the mean (x) of (2.8) used ICT for the price of the fish. 
The cut-off mean (C.O.P.M) was obtained by dividing the total number of respondents by half (1/2) 
and later dividing the result by 20. That is (100÷1/2) =50. Fifty (50) divided by twenty (20) will give a 
cut-off point mean of 2.5. Since the means(x) obtained were greater than the cut-off point (x) this 
shows that ICT tools have improved the respondents' knowledge of Catfish marketing information in 
the study area. These findings confirm earlier study by Shiro (2008).

 Names of 
market

Number of 
Respondents

Scores
(frequency)

Total Score = (f)x 
Numbers of Respondents

Mean (Total Score÷ 
Total number of 
Respondent

Rating Remarks

Variables
Access to customers Amukpe 20 15.00 15x20     =300 300÷100= 3.0 3.0 S
Access to market 
informarion

Ghana 20 14.50 14.5x20  =290 290÷100= 2.9 2.9 S

Advertisement of 
Product

Ibada-
Elume

20                  15.00 15x20     =300 300÷100= 3.0 3.0 S

Information on Market
days

Okirigwe 20                  12.75 12.75x20=255 255÷100= 2.55 2.55 S

Access to Price on fish
Total

Sapele 20                  14.00 14x20   =280 2880÷100= 2.8 2.8 S
100 71.25 1425 14.25

N.B: S= Significant

The distribution of the Impact of ICTs on Catfish marketing on respondents is shown in Table 3. The t-
test analysis shows that the mean (x) of income and volume of sales (6.01) is higher after the use of 
ICTs compared to the mean (x) of income and volume of sales (4.59) before the use of ICTs. This 
signifies that ICTs positively impact Catfish marketing in the study area. The finding agreed with Aker 
(2008), who found that ICTs positively impact agricultural income, reduce cost, and increase 
efficiency.

Source: Field Survey, 2024

Table 3: The Paired T-test Analysis used to determine the Impact of ICTs on Cat fish marketing.

 
N Mean ( x ) Ste x T-cal T-tab df Remark

Variables
Income and Volume of Sales Before Use of 
ICTs 

30 4.59

1.78 3.19 2.048 28 S*
Income and Volume of Sales After Use of ICTs 30 6.01

N.B: S* Significant
Source: Field Survey, 2024.  

The constraints faced with the use of ICTs by Catfish marketers are depicted in Table 4. The majority 
(89%, 88%.and 80%) of the respondents had constraints of erratic power supply, cost of ICT facilities, 
and access to affordable services respectively. A little above two-thirds (70%) of the respondents had 
constraints of poor networks. A little above half (60%) and two-thirds (67%) of the respondents had 
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Table 4: Distribution of Respondents according to the constraints faced with the use of ICTs.

constraints of lack of ICT skills and training and unavailability of ICT centers. Half (50%) and a little 
above half (52%) of the respondents had inadequate access to ICTs and a language barrier.

Frequency (f) Percentage (%) Rating**
Variables
Erratic power supply 89 89 1
Cost of ICT facilities 88 88 2

80 80 3
Poor Network Coverage 70 70 4
Lack of ICT skills and training 67 67 5
Unavailability of ICT centers 60 60 6
Inadequate access to ICTs 52 52 7
Language Barrier 50 50 8

Total 556* 556*

Aker, J. C. (2008). Does Digital divide or provide? The impact of cell phones on grain markets in Nigeria. 

Source: Field Survey, 2024

Note: * Multiple Responses
Note:  ** Rank in descending order
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The gap between innovation and technology is substantial. Innovation is the invention and 
implementation of new ideas, technologies, practices, and approaches that improve the industry's 
sustainability, efficiency, and overall performance (Lucchetti et al., 2023). Innovation results in new 
ideas, methods, products, or restructuring, remodeling, creative concepts, and new imagination in a 
gadget or process. Technology, as an application of scientific knowledge, has helped humans create a 
brighter future (Ghosh and Soumili, 2019). 

Fisheries innovations date back thousands of years, and have traditionally been driven by maximizing 
catch efficiency, which has been aided by a better understanding of the habits and behaviors of the sold 

INTRODUCTION 

According to Latief et al. (2024), technological innovations are practices that contribute to the 
research, development, and design of new goods and procedures, as well as the improvement of 
existing results and the creation of new technical abilities. Technological advancements that are 
transforming fisheries and aquaculture operations have resulted in a substantial shift in the field in 
recent years. These developments, which vary from sophisticated monitoring systems to cutting-edge 
robotics, improve production, sustainability, and the overall health of our oceans (Balaji et al., 2023). 
Innovative technologies have a significant influence since they contribute to a sustainable harvest of 
marine resources and fishing operations. In recent years, global aquaculture production has expanded 
with inventive and technological improvements within the fisheries sector and scaled up in world total 
fisheries production (Latief et al., 2024).

Fisheries and aquaculture play critical roles in global fish production, both on land and in the water. The 
sector is currently suffering a number of challenges as a result of the employment of antiquated 
traditional processes, poor management, environmental contamination, and high labor expenses. As a 
result, this sector has embraced the deployment of novel technology to overcome these difficulties 
(Latief et al., 2024). Technological innovation is critical to the future of fisheries and aquaculture. 

ABSTRACT
Technological innovations in fisheries and aquaculture play an 
important role in boosting the productivity of fish farming. 
Numerous novel technologies have brought about a significant 
transformation in this field. On full show are technological 
advancements in robotics, autonomous systems, drones, electronic 
tracking and reporting, autonomous feeding devices, acoustic 
devices, remote sensing, satellite monitoring, integrated 
multitrophic aquaculture systems, aquapods, and fish biosensors. 
This review focuses on these technological innovations - how the new 
innovative technologies used in this sector have changed the scenario 
of fish production and the livelihood of the farmers paving way for a 
future in which sustainable fishing practices and healthy aquatic 
ecosystems coexist.

Keywords:
Technological innovations,
Aquaculture, Reproduction 
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Robotics and Autonomous Systems 

The combination of AI and big data analytics has altered the way we collect, examine, and use fishery 
data. Machine learning algorithms can handle massive amounts of data from a variety of sources, 
including catch reports, environmental sensors, and vessel monitoring (Balaji et al., 2023). AI can 
detect patterns and correlations to provide exact stock evaluations, estimate fish population trends, 
and optimize fishing strategies for long-term yield (Pinsky et al., 2018).

Technological breakthroughs are ushering in a new era in fisheries management, one in which 
sustainability and efficiency are inextricably linked (Balaji et al., 2023). Advances in remote sensing, 
artificial intelligence, robotics, electronic monitoring, and aquaculture are providing fisheries 
stakeholders with the knowledge and resources they need to make sound decisions, protect marine 
ecosystems, and ensure the fishing industry's long-term survival (Latief et al., 2024). New horizons of 
technical innovation, such as the use of artificial intelligence, are being explored. The International 
Council for the Exploration of the Sea (ICES) defines innovation in fisheries as an improvement of the 
status quo, whether incremental, transformative, or disruptive (WKING; ICES, 2020).

species (Lucchetti et al., 2023). In the modern era, the industrialization of fisheries in the nineteenth 
and twentieth centuries brought technological innovations such as steam-engine vessels, onboard 
refrigeration and freezing of catches, synthetic netting materials, and information technologies to aid 
communications, navigation, fish location, and gear performance monitoring while fishing (Squires and 
Vestergaard, 2013).

There are numerous revolutionary technologies, including GIS, GPS, remote sensing, radar, sonar, drones, 
automatic feeding devices, sensors, and robotic fish. Fisheries and aquaculture innovations include 
conservation technologies, aquaculture technology, harvesting technologies, new products, and 
institutional innovation. Great advancements are being made in automated fishing due to technological 
advances. Innovative technologies also allow for more comprehensive learning (Latief et al., 2024).

Remote Sensing and Satellite Monitoring 

Rapid development has been observed for the last few decades in fisheries and aquaculture, thanks to 
innovation. Technologies used in fisheries and aquaculture have a huge role in increasing the productivity 
of fish farming.  These innovations have sustained the productivity as well as strengthened the economy of 
the fish farmers. Some innovations have revolutionized the reproduction of fishes. It has increased 
production and helped better the farmers' welfare. Solving the problems that farmers face in fish 
cultivation; is the only target of all these technologies. Albeit, the great strides, the sector is facing 
numerous issues due to the use of age-old traditional techniques, improper management, environmental 
pollution and expensive labour costs (Latief et al., 2024).  It is important to discuss how these new 
innovative technologies used in fisheries and aquaculture help changed the o of fish production and the 
livelihood of the farmers. The aims of this review are to highlight technological breakthroughs in fisheries 
and aquaculture and to examine the innovative technical developments in fisheries management and how 
these revolutions impact the sector for a sustainable future

Satellite-based technology provides global real-time monitoring of fishing activity. To efficiently detect 
illicit fishing, control overfishing, and enforce restrictions, vessel monitoring systems (VMS) and 
satellite imagery are employed to track fishing vessel movement and behavior (Balaji et al., 2023).

TECHNOLOGICAL INNOVATIONS IN FISHERIES 

Artificial Intelligence (AI) and Big Data Analytics 

Robotic technologies are altering several aspects of fisheries management. Without human interaction, 
underwater vehicles (UUVs) equipped with sensors and cameras may scan marine ecosystems, monitor habitats, 
and assess fish stocks (Smith et al. 2010). With the ability to collect temperature, salinity, and water quality data 
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Acoustic Devices 

Technological Innovations in Cage Aquaculture
Technological advancements have begun to employ high-volume plastic cages that are resistant to 

Sonar, also known as sound navigation and ranging, is a way of communicating, navigating, and 
detecting objects on or beneath the water's surface via sound propagation (usually underwater). The 
Sonar is utilized for navigation, fish finding, wreck locating and recovery, detection, tracking, and 
destruction of hostile ships and submarines (Latief et al., 2024).

Recent innovative aquaculture technologies are extremely beneficial for identifying and conserving 
aquatic biodiversity. Transgenic technology is a major component of these reproduction-related 
technical developments. These technologies make significant contributions to improving growth rates, 
market size, and feed conversion ratios, disease resistance, stress tolerance to extreme environmental 
conditions, and sterility difficulties (Ghosh and Soumili, 2019). 

Echosounder 

Echo sounding is the process of detecting the depth of water using sound pulses. The echosounder aids 
in navigation by measuring the depth of the water and locating fish beneath the vessel for biomass 
estimation. Echosounder and Sonar vary in that they use (high-frequency) sound to detect and range 
underwater targets.

Aquaculture Technological Innovations

One of the most common applications of new technology for sustainable fishing is the growing use of 
drones and completely or partially unmanned vehicles. Drones are classified into three types: 
unmanned aerial vehicles (UAVs), unmanned surface vehicles (USVs), and unmanned underwater 
vehicles. Fishing boats have also used drones to find illegal tuna aggregations in the Pacific Ocean. 
Drones can be used to inspect underwater cages for damage and monitor offshore fish farms. They are 
also used for tracking fish movements, detecting algae blooms, and monitoring water quality. Drones 
are one of the most commonly used applications for sustainable fisheries.

autonomously, underwater gliders can provide valuable insights into the health of marine environments. In 
addition, aerial robotics and drones are used for airborne surveys, enabling for speedy evaluation of fish shoals, 
detecting illegal activity, and assisting with search and rescue missions (Balaji et al., 2023).

Drones 

Technological improvements have fueled a revolution in the aquaculture business, allowing for more 
effective and sustainable practices (Kroodsma et al., 2018). Automated feeders, remote sensing 
technology, and improved water quality monitoring systems improve fish farm operations while 
minimizing waste and environmental impact. Enhancing disease resistance and growth rates through 
genetic research and selective breeding programs contributes to sustainable aquaculture (Balaji et al., 
2023). Aquaculture technologies have a significant impact on fish farming productivity. Several innovative 
technologies have transformed aquaculture. Genetic tools and other reproductive technologies are widely 
employed and have eliminated numerous problems (Ghosh and Soumili, 2019). 

Innovations related to reproduction
Biotechnological and genetic technologies have the potential to significantly increase productivity and 
improve ecosystem sustainability. These instruments have the potential to be the most effective 
weapon for improving reproductive success as well as the growth and survival of endangered species 
(Ghosh and Soumili, 2019). 
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tough offshore environments, reaching a diameter of 200 m, along with the necessity for systems to be 
used in open seas and bigger capacity systems (Diler et al., 2017).

This system, which began to be utilized in 2011, is a circular framework constructed by combining 
triangular net components. It is ideal for aquaculture in open sea circumstances because of its sinkable 
structure and completely surrounded by nets. Divers and electrical gadgets maintain constant control over 
the system (InnovaSea, 2017). The Aquapod is essentially a cage in which producers place their fish before 
leaving them adrift in the ocean. They are designed to accommodate a variety of aquatic species.

Robotic Fish Cages -  Aquapod 

 
Smart Floating Farms 

Recirculating Aquaculture System

Automatic Feeding System 

Biosensors For the Assessment of Fish Health 

The intelligent floating farm model is a highly productive system that employs cutting-edge technology 
in aquaculture. Aquaponic production uses wastewater from fish ponds to produce vegetables, and the 
vegetables can be utilized in feed fish production (Diler et al., 2017). Furthermore, the packaging 
modules in the middle area allow harvested products to be delivered directly. This approach is 
especially useful for cities with a large population (Anonymous, 2017).

Feed is the most expensive operating expense in aquaculture operations. When applying feed in an 
aquaculture system, the feeding schedule must be carefully considered (Latief et al., 2024). Yeoh et al. (2010) 
developed an automated fish feeder that may be used in commercial aquaculture systems. This technology 
was developed to address the aquaculture industry's labor shortfall by introducing a semi-automated way.

Technological advancements allow for the measurement and identification of specific components 
even in complex situations (Windmiller and Wang, 2013). Over the last few decades, researchers have 
developed and applied biosensor technology to measure fish health and develop novel diagnostic tools 
with the potential to greatly enhance it. Many biosensors for fish health checks have been developed in 
an effort to improve the safety of farmed fish in the market (Latief et al., 2024).

Integrated Multi-Trophic Aquaculture Systems (IMTA)

CONCLUSION 
Recent years have seen rapid progress in the fisheries and aquaculture sectors, ranging from simple 
procedures to high-tech systems. Many older techniques have been modified, and some new 

IMTA is a method that produces live species to absorb nutrient waste from aquaculture (UMCCAR, 2017). 
In research, studies revealed that mussels cultivation integrated with trout farms developed 50% quicker and 
brown moss was 46% faster. Studies have also shown that integrating sea bream fish with crustaceans reduces 
environmental effect and organic deposition at cage bottom by 50% (Diler et al., 2017)

This strategy is based on leaving the plow and entering the farm with clean water (figure 9). This 
significantly increases the demand for water and causes the discharge of relatively unclean water into 
the reservoir as a result of its use (Ferreira et al. 2012). After using water in recirculating aquaculture 
systems, the particle filter, sand filter, biological filter, UV filter, and ventilation are remedied through 
physical, chemical, and biological methods. Recirculating aquaculture systems utilize 98% less water 
than conventional methods (Bregnballe, 2010). In this way, maximal output of aquatic products is 
obtained while minimizing environmental impact and water consumption. 
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 in Fisheries Sector. Trends in Agriculture Science, Vol.2, Issue 6, June, 411-414 414.  

technologies have been invented. However, all of this progress has served the same purpose: to increase 
output and improve the farmers' economy. These technical advancements are making significant 
advances in fisheries and aquaculture. Innovative technologies allow for a more thorough learning 
process. New technologies have also raised public awareness of fisheries, particularly in remote fishing 
areas, thereby addressing the challenges that farmers face in the fish industry. The fisheries and 
aquaculture sectors will continue to play an essential role in offsetting the rapidly rising population's 
requirement for animal protein in the future through these technological innovations.

Anonymus (2017). http://smartfloatingfarms.com/ 
Balaji, M., Sarka, S., Karunakaran, S., Kavithambika, S. and Shanmugam, S. A. (2023). Technological Innovations 
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The larva and the fry stages are considered as the critical periods in the life cycles of many fish species (Ali, 
2015). Success of fish larval culturing depends mainly on the availability of suitable feed or food that are readily 
eaten with efficiency of digestion and provision of the needed nutrients for growth, good health and survival of 
the fish larvae (Mehrabi et al., 2018). However, the culturing of fish at the larvae and fry stages has been a great 
challenge for many fish breeders (Onyia et al., 2016). The knowledge of the special nutritional requirements of 
fish fry can really promotes the functioning and standard of the cultured species. The choice of minute feed 
particles can result to nutrient leaching due to very high ratio surface to area volume (Onyia et al., 2016). Live 
prey organisms, primarily zooplanktons, are mostly used as the starter food for the larvae and fry of many fish 
species that are not suitable to be reared on formulated feed (Ali, 2015). The increasing cost of Artemia is a 
constraint to fish breeders particularly in the tropical countries such as Nigeria. This has necessitated the need 

INTRODUCTION

ABSTRACT
This study was carried out at the Lay – Joy fish farm, Billiri, Gombe 
State to investigate the effect of dietary β - glucan levels on the growth 
performance and survival rate of C. gariepinus fry. β - glucan was 
incorporated in form of feed additive at 0.0g/100g (B0)), 0.5g/100g 
(B1), 1.0g/100g (B2,) 1.5g/100g (B3) and 2.0g/100g (B4) inclusion 
levels into Coppens fish feeds (0.2 – 0.5mm) with 49% crude protein, 
diet without β - glucan served as the control (B0), in triplicates. Diets 
were fed to fry (n = 1,500, 0.26±0.0g) for 28 days in 15 plastic hatchery 
tanks (n = 100). Fry were fed at a fixed feeding rate of 10% body weight 6 
times daily between the hours of 07:00 and 23:00 at regular interval. 
Data obtained were analyzed using One - way ANOVA at P = 0.05. Body 
weight values in terms of MWG (1.87±0.93 g/fish), DWG (0.076±0.07 
g/day) and SGR (3.27±0.16 %/day) significantly (p < 0.05) highest in 
fry fed diet B2, while diet B0 had the lowest MWG (1.56±0.04 g /fish), 
DWG (0.055±0.06 g/day) and SGR (3.01±0.15 %/day) values. FCR 
value was best (least) in B2 (0.390±0.07), while B0 had the poor 
(highest) value (0.467±0.01). In terms of the Survival rate, B2 had 
significantly (p < 0.05) the highest survival rate value (94.9±1.08), while 
B0 had the least value (87.8±1.09). This study indicated that 
incorporation of β – glucan at 1.0g/100g feed inclusion level into C. 
gariepinus fry feed improved growth and survival rate.

Keywords:
Growth Performance;
Survival Rate; C. gariepinus;
Fry; β - glucan.
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for alternative feeds like special fish diets incorporated with growth promoters as natural feed additives such as β 
– glucans which positively affect the body weight gain without any negative effect on public health and 
consumer (Ahmad et al., 2015). Applications of  β - glucans in aquaculture are emerging in Nigeria; β-glucans 
are long chain complex carbohydrates which can be found in cereals, seaweeds, mushrooms, yeast and some 
bacteria (Ali et al., 2022). β-glucans as adjuvants, prebiotics or probiotics are the most popular immune 
enhancing nutrients used in aquaculture and are promising in the stimulation of non - specific immune 
response in fish while promoting growth (Ali, 2022). This study is aimed at evaluating the effect of dietary β - 
glucan levels on the growth performance and survival rate of Clarias gariepinus (Burchell, 1822) fry.

MATERIALS AND METHODS 

The study was carried out at the Lay – Joy fish farm Billiri., Billiri local government area (LGA), Gombe State. 
Billiri LGA lies within latitude 9°50' and 11°09'´N and longitude 9.833°and 11.150°E. It covers an area of 
737km² and is 50 km away from Gombe the capital city. The fry for the experiment were bred at the hatchery 
room of the farm. The fry were 4 days old at the commencement of the feeding trial.

Study Area

Table 1: Proximate Composition of Coppens Fry Feeds (0.2 – 0.5 mm) Used for the Study

Experimental Diets
Coppens fish feed (0.2 – 0.5mm) was used as the basal diet for this study and was obtained from feed suppliers at 
Gombe while the β - glucan was purchased from Bon - Amour Pharmacy Limited Lagos, Nigeria, imported from 
Piping Rock Health Products, Ronkonkoma, New - York, USA. Experimental diets were prepared by 
incorporating β - glucan additive at four graded levels; 0.5g, 1.0g, 1.5g and 2.0g/100g feed, into Coppens fish 
feeds (0.2 – 0.5mm), while diet without β - glucan additive i.e. 0.0g/100g feed served as the control diet and 
were coded as B0 (0.0g), B1 (0.5g), B2 (1.0g), B3 (1.5g) and B4 (2.0g) respectively. The β - glucan additive was 
included at the measured quantity for each diet and were diluted into 5 ml of warm water (350C) to form a 
solution. The solution was sprayed onto the Coppens fish feed (0.2 – 0.5mm), fish oil was added to all the 
experimental diets with β - glucan to reserve the β - glucan additive. The Coppens fish feed (0.2 – 0.5mm) with 
β - glucan additive was prepared in 100g each time. The proximate composition of the Coppens fish feeds (0.2 – 
0.5mm) fed to the C. gariepinus fry is presented in Table 1. All the diets contained 49% crude protein, 12% 
crude lipid, 6.0% crude fibre, 8.0% ash, 1.5% calcium, 8.0% moisture and 1.5% phosphorus. 

Nutrients  Percentage (%)
Crude protein 49

Crude lipid 12
Crude fibre 6.0
Ash 8.0
Calcium 1.5
Moisture 8.0
Phosphorus 1.5

Source: Field Survey (2023).

Each of the treatment diets were fed to C. gariepinus fry (n = 1,500; 0.26±0.0g) in triplicate making a total of 15 
plastic hatchery tanks (semi flow - through system) i.e. (n = 100 per tank). Water quality parameters such as; pH, 
dissolved oxygen (DO), temperature and ammonia were monitored weekly. Fry were fed 6 times daily between 
the hours of 07:00 and 23:00 at regular interval for a period of 28 days at a fixed feeding rate of 10% body weight 
as recommended by Ukwe et al. (2018). The initial body weight of each set of fry was measured using a digital 
weighing balance before stocking and subsequently bulk weighing of fry in each tank was done after every 7 
days, the growth performance parameters were computed and analyzed according to the following equations as 

Experimental Design



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

described by Stickey et al. (2006) as follows;
Mean weight gain, MWG = final weight(g) - initial weight (g)

Feed Conversion Ratio, FCR (g/g) = Feed intake(g)/weight gain (g)
Specific Growth Rate, SGR = {(log final weight (g) - log initial weight (g)}/culture period} x 100

Survival rate = {(final no. of fish - initial no. fish)/initial no. of fish} x 100

Daily weight gain, DWG = (final weight (g) - initial weight (g) / experimental days

RESULTS

Statistical Analysis
The data obtained was subjected to one - way analysis of variance (ANOVA) using the GraphPad instant 
package for windows 2010 of statistical analysis system (SAS, 2010). Mean separation was done (at P = 0.05) 
using Fisher's least significance difference (LSD) to separate the means in cases of significant difference.

Table 2: Growth Performance and Survival Rate of C. gariepinus Fry Fed Dietary β - glucan Levels

Results of the growth performance parameters and survival rates of the C. gariepinus fry fed dietary � - glucan at 
different levels of inclusion is shown in Table 2. The significantly (p<0.05) highest growth performance 
parameters' values in terms of MWG (2.13±0.38g/fish), DWG (0.076±0.07 g/day) and SGR (3.27±0.16 %/day) 
were recorded from the fry fed β – glucan incorporated diet at 1.0g/100g feed (B2). Similarly, the significantly 
(p<0.05) least (best) FCR value; (0.390±0.07) was recorded from the fry fed diet B2. The highest survival rate 
value; (94.9±1.08%) was recorded from the fry fed diet B2. There was also a significant difference (p<0.05) in 
terms of the survival rate values recorded from the diets. During the experimental period, the water quality 
parameters monitored such as the water temperature, pH, dissolved oxygen and ammonia were within the 
recommended ranges for C. gariepinus culture. 

Parameters B0 B1 B2 B3 B4

Initial mean weight (g/fry) 0.26±0.0a 0.26±0.0a

Final mean weight (g/fry) 1.82±0.13a

Mean weight gain (g/fry)
Daily growth rate (g/day)
Specific growth rate (%/day)
Feed conversion ratio (g/fry)
Survival rate(%)

1.56±0.04a

0.055±0.06a

3.01±0.15a

0.467±0.01a

87.8±1.09a

1.84±0.17 a

1.58±0.07 b

0.056±0.03a

3.03±0.13 b

0.462±0.04a

91.0±1.04 b

0.26±0.0a

2.13±0.38b

1.87±0.93c

0.076±0.07b

3.27±0.16c

0.390±0.07b

94.9±1.08c

0.26±0.0a 

1.85±0.15a

1.59±0.80b

0.057±0.03a

3.05±0.09b

0.459±0.05a

91.3±1.06 b

0.26±0.0a

1.87±0.16a

1.61±0.08b

0.058±0.01a

3.06±0.07b

0.453±0.03a

91.7±0.05a

DISCUSSION

Mean values in each row with similar superscripts are not significantly different (p>0.05).
Keys: B0 - β - glucan (0.0g/100g), B1 - β - glucan (0.5g/100g), B2 - β - glucan (1.0g/100g), B3 - β - glucan (1.5g/100g), B4 - 
β - glucan (2.0g/100g).

Growth performance parameters values such as the MWG, DWG and SGR were highest in the fry fed diet B2 
which corroborates the findings of Ramzani et al. (2014), who reported a similar result but for Oncorhynchus 
mykiss fry fed dietary β - glucan additive diets and the findings of Sogbesan (2023) for C. gariepinus fingerlings 
fed 1.0g/100g feed inclusion levels of dietary β - glucan additive diets. The FCR that was least (best) in the fry fed 
diet B2 containing β - glucan additive at 1.0g/100g level of inclusion in feed also was in agreement with the 
findings of Ahmad et al. (2015) that reported similar findings for Oreochromis niloticus fingerlings fed dietary 
β - glucan additive at 1.0g/kg feed and that of Abed Ali and Al - Faragi (2017), who reported a similar result for 
Cyprinus carpio fingerlings fed β - glucan additive diet at same 1.0g/100g feed inclusion level. The highest 
MWG, DWG, SGR and the least (best) FCR recorded from the fry fed diet B2 containing β - glucan additive at 
1.0g/100g feed, indicated that the β - glucan additive has a beneficial effect when added to the diet at that 
optimal level but below or above that level may negatively affect the metabolism of the fish. The significantly 
(p<0.05) higher survival rate values recorded from all the fry fed diets with β - glucan additive used in this 
study indicated that the diets with β - glucan additive were well tolerated by the fry and also the water quality 

1025



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

 A. J. (2006). Utilization of conventional protein sources in practical fish feeds. Journal of Food 

 composition, and hematology of common carp (Cyprinus carpio L.) fry from the Caspian Sea. 

Ukwe, O. I. K., Edun, O. M. and Akinrotimi, O. A. (2018). Comparative growth performance and survival 

Onyia, L. U., Eramoh, O. F., Ochokwu, I. J. and Amadi, G. C. (2016). Growth performance of Clarias 

Ramzani, S., Soltani, M. and Gholipourkanani, H. (2014). Influence of dietary dinamune® on growth 

 gariepinus fries fed live food, artemiaand fishmeal. Proceedings of the 31st Annual Conference 
 of the Fisheries Society of Nigeria (FISON). Pp. 84 - 86.

 Journal of Agriculture Technology and Biological Sciences, 11(10): 865- 869. 

 aquaculture. Fisheries and Aquaculture Journal, 5: 111. doi: 10.4172/2150-3508.1000111 

Sogbesan, O. A. (2023). Bio - recycling of some organic wastes in reducing fish production cost and attainment 

 Turkish Journal of Fisheries and Aquatic Sciences, 18: 597 - 602.

 of food security. 26th Inaugural Lecture, Modibbo Adama University, Yola, Nigeria. Pp. 98.
Stickey, R. R., Hardy, R. W., Koch, K., Harold, R., Searight, D., Massee, K. C., Tacon, A. G. J., and Jackson, 

Mehrabi, F., Khalesi, M. K. and Hazaie, K. (2018). Effects of pre - and probiotics on growth, survival, body 

 performance and lysozyme activity in rainbow trout (Oncorhynchus mykiss) fry.  Walailak 

 Science, 2(4): 45 - 56. 

 of African catfish (Clarias gariepinus) fed with artemia and acartia live feeds. Journal of Aquatic 
 Science and Marine Biology, 1(3):.24 – 28.

The authors wish to express their special thanks to Hajia Aisha Bello Mahmoud the Centre Coordinator of the 
Bio - Resources Development Centre of the National Biotechnology Development Agency, Billiri, Gombe 
State for her contributions at the course of this research.

REFERENCES

 of Entomology and Zoology Studies, 5(4): 27 - 31.

Abed Ali, H. H. and Al - Faragi, J. K. A. (2017). Efficiency of betaine and β - glucan as feed additives on the 

parameters were positively affected by the incorporation of β - glucan additive which also serves as a prebiotic 
into the diets thereby, improving the water qualities as well. These also corroborates the findings of Ekundayo, 
et al. (2014). 

CONCLUSION

ACKNOWLEDGEMENTS

The present findings indicated that feeding C. gariepinus fry with diet incorporated with β - glucan at 
1.0g/100g feed inclusion level significantly improved the growth performance, feed conversion ratio and 
survival rate of the fry which can greatly minimise the losses of the C. gariepinus fry through mortalities for fish 
breeders, thereby improving the seed production which is essential for the sustainability of the aquaculture 
industries.

 growth performance and survival rate of common carp (Cyprinus carpio L.) fingerlings. Journal 

 (Oreochromis niloticus). Middle East Journal of Applied Sciences, 5(2): 526 - 533.
Ali, M. E. (2015). Comparative study on the performance of Clarias gariepinus (Burchell, 1822) fry fed 

 Thesis, Department of Zoology, Modibbo Adama University of Technology, Yola, Nigeria. Pp. 41.

 on the growth performance and survival rate of Clarias gariepinus (Burchell, 1822) fingerlings. 

 shell - free Artemia, fermented cassava wastewater and sorghum broth. unpublished M. Tech. 

Ali, M. E. (2022). Performance and cost benefit of African mud catfish Clarias gariepinus (Burchell, 1822) 
 fed different levels of dietary betaine, β - glucan and co - mixed additives diets. Unpublished 

Ahmad, M. H., El - Mousallamy A., Zein, N., Abd El - Naby, A. S. and Mohamed, S. Z. (2015).  Evaluation 

 Ph.D. Thesis, Department of Fisheries, Modibbo Adama University, Yola, Nigeria. Pp. 183.
Ali, M. E., Abubakar, K. A. and Sogbesan, O. A. (2022). Efficacy of dietary β - glucan as natural additive 

 Proceedings of the 37th Annual Conference of the Fisheries Society of Nigeria (FISON). Pp. 129 - 133.

 of prebiotic as natural additives on growth performance and blood biochemistry for Nile tilapia 

Ekundayo, T. M., Sogbesan, O. A. and Lauratu, T. H. (2014). A review on probiotics application in 

1026




	Fison Proceeding of conference  COVER.pdf (p.1)
	Fison Proceeding of conference preliminary.pdf (p.2-51)
	new form fison 1.pdf (p.52-523)
	new form fison 2.pdf (p.524-942)
	new form fison 3.pdf (p.943-1078)
	Fison Proceeding of conference  COVER.jpg2.pdf (p.1079)

