
 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 
 

 

BOOKLET  

https://ojafr.com/main/
https://ojafr.com/main/


a | P a g e 

 

 

 

 

 

 

 
 
 

Online J. Anim. Feed Res., 16 (1): 01-48; January 2026 
 

 

Editors-in-Chief  

Habib Aghdam Shahryar, PhD, Professor of Animal Nutrition; Department of Animal Science, Islamic Azad University, 

Shabestar, IRAN (Google Scholar, SCOPUS, Email: ha_shahryar@yahoo.com) 

 

Saeid Chekani Azar, PhD, Faculty of Veterinary Medicine, Animal Physiology, Atatürk University, TURKEY (Google 
Scholar, SCOPUS, WoS Metrics, Email: saeid.azar@atauni.edu.tr) 
 
 

Managing Editor  

Alireza Lotfi, PhD, Animal Physiology, Islamic Azad University, IRAN (Google Scholar, SCOPUS, ResearchGate, Email: 

arlotfi@gmail.com) 

 
Section Editors 

Arda Yildirim, PhD, Professor Dr., Department of Animal Science, Faculty of Agriculture, Gaziosmanpasa University, 
60240 Tokat, TURKEY (Email: arda.yildirim@gop.edu.tr); Animal Science, Nutrition-non Ruminants, Breeding, Nutritive 
Value  

Çağrı Kandemir, PhD, Assistant Professor, Institute of Science, Department of Animal Science, Ege University, Izmir, 
TURKEY (Website; Email: cagri.kandemir@ege.edu.tr); Animal Science, Nutrition – Ruminants, Animal Reproduction 

Ehsan Gharib Mombeni, DVM, PhD in Bacteriology; Department of Pathobiology, Shahid Chamran University of Ahvaz, 
IRAN (Emails: e.mombeni@hotmail.com; e-gharibmombeni@stu.scu.ac.ir) 

İbrahim Çakmak, Prof. Dr., Director of  Beekeeping Development Application and Research Center, Animal Science 
Department, Faculty of Agriculture, Bursa Uludag University, Gorukle Campus, Nilüfer, Bursa, TURKEY (E-mail: 
icakmak@uludag.edu.tr); Apiculture, Honey bee biology, genetics, behavior, health and products, pollination, beekeeping 
materials 

John Cassius Moreki, PhD, Department of Animal Science and Production, College of Agriculture, BOTSWANA (Email: 
jcmoreki@gmail.com); Nutrition - Non-Ruminants, Breeders, Livestock management 

Mohamed Shakal, Professor & Head of Poultry Diseases Department, Faculty of Veterinary Medicine, Cairo University, 
EGYPT; Director of the Endemic and Emerging Poultry Diseases Research Center, Cairo University, Shek Zaed Branch, 
EGYPT; Chairman of The Egyptian Poultry Forum Scientific Society. Representative for Egypt & Mena Region. (Email: 
shakal2000@gmail.com) 

Muhammad Saeed, PhD, Northwest A&F University, Yangling, 712100, CHINA (Email: 

muhammad.saeed@nwsuaf.edu.cn), Nutrition – Ruminants 

 

Language Editors  

Mehrdad Ehsani-Zad, MA in TEFL, Takestan, Islamic Azad University, IRAN (Email: mehrdad_single2004@yahoo.com) 

Samuel Stephen Oldershaw, Master of TESOL, The Humberston School & The Grimsby Institute, North East 
Lincolnshire, UK (Email: s.s.oldershaw@hotmail.com) 

 

Statistical Editor  

Ömer Eltas, PhD, Assist. Prof., Atatürk University, Faculty of Veterinary Medicine, Department of Biometry, Erzurum, 
TURKEY (Email; omer.eltas@atauni.edu.tr); Health Sciences, Veterinary Sciences, Zootechnical and Animal Feed, 

Biometry 

 

Technical Editor 

Alireza Lotfi, PhD, Animal Physiology, Islamic Azad University, IRAN 

https://ojafr.com/main/
http://ashahryar.iaushab.ac.ir/index.aspx?fkeyid=&siteid=34&pageid=4821
https://scholar.google.com/citations?user=d91gDBMAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=48361180900
https://scholar.google.com.tr/citations?user=TKPUGLEAAAAJ&hl=en
https://scholar.google.com.tr/citations?user=TKPUGLEAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=25229906900
https://www.webofscience.com/wos/author/record/AFN-1123-2022
https://scholar.google.com/citations?hl=en&user=p1DBgAEAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57212477302
https://www.scopus.com/authid/detail.uri?authorId=57212477302
https://www.researchgate.net/profile/Alireza_Lotfi/research
https://unisis.ege.edu.tr/researcher=cagri.kandemir
mailto:cagri.kandemir@ege.edu.tr
mailto:e.mombeni@hotmail.com
mailto:e-gharibmombeni@stu.scu.ac.ir
mailto:icakmak@uludag.edu.tr
mailto:shakal2000@gmail.com
mailto:mehrdad_single2004@yahoo.com
mailto:s.s.oldershaw@hotmail.com
mailto:omer.eltas@atauni.edu.tr


b | P a g e 

Editorial Team  

Abdelfattah Y.M. Nour, DVM, PhD, Professor of Veterinary Physiology, Purdue University, USA (Email: 
nour@purdue.edu) 

Adnan Yousaf, DVM, MPhil of Poultry Science (Gold Medalist), Ph.D. of Avian Embryology; Sindh Agricultural University 
Tandojam, PAKISTAN (E-mails: dr.adnan011@gmail.com; dr.adnan@salmanpoultry.com) 

Ahmad Yildiz, PhD, Professor, Animal Science and Production Department, Faculty of Veterinary Medicine, Atatürk 
University, TURKEY (Email: ahmtstar@gmail.com); Nutrition – Ruminants  

Ali Nobakht, PhD, Assistant Professor, Animal Science Department, Islamic Azad University, Maragheh, IRAN (Email: 
anobakht20@yahoo.com); Nutrition - Non-Ruminants 

Alireza Radkhah, PhD, Department of Fisheries, Faculty of Natural Resources, University of Tehran, Karaj, IRAN (Email: 
alirezaradkhah@ut.ac.ir); Aquatic Biology, Aquaculture and Fisheries Biotechnology 

Bahareh Hafezi, DVM, PhD Candidate for Veterinary Surgery, Ferdowsi University Veterinary, Mashhad, IRAN (Email: 
hafezibahareh@yahoo.com); Nutrition - Non-Ruminants: Small Animal and Poultry Internal Surgery 

Dilem Gülece Ermutlu, Department of Histology and Embryology, Faculty of Veterinary Medicine, Kafkas University, 
Kars, TURKIYE (Website, Google Scholar, ORCID; Email: dilemermutlu@gmail.com); Histology and Embryolog 

Erol Aydin, PhD, Professor Dr., Department of Animal Health Economics and Management, Faculty of Veterinary 
Medicine, Kafkas University, TR-36100 Kars, TURKEY (Website, Google Scholar, SCOPUS, Email: dr-
erolaydin@hotmail.com;  ORCID: https://orcid.org/0000-0001-8427-5658);  

Fazul Nabi Shar, PhD, Lecturer, Faculty of Veterinary & Animal Sciences, Lasbela University of Agriculture Water & 
Marine Sciences, Uthal Balochistan, PAKISTAN (Email: fazulnabishar@yahoo.com); Clinical Veterinary Medicine 

Ferdaus Mohd. Altaf Hossain, DVM, Sylhet Agricultural University, BANGLADESH (Email: ferdaus.dps@sau.ac.bd); 
Microbiology, Immunology, Poultry Science, and Public Health 

Godadaw Misganaw, PHD; Department of Animal Science, College of Veterinary and Animal Sciences, University of 
Gondar, P.O.Box 196, Gondar, ETHIOPIA (SCOPUS; Email: godadaw@gmail.com; ORCID: https://orcid.org/0000-0001-
5624-7983); Nutrition - Ruminants 

Hazim Jabbar Al-Daraji, PhD, Professor, University of Baghdad, College of Agriculture, Abu-Ghraib, Baghdad, IRAQ 
(Email: prof.hazimaldaraji@yahoo.com); Avian Reproduction and Physiology 

Mohammed Yousuf Kurtu, Associate Professor, Animal Sciences Department, Haramaya University, Dire-Dawa, 
ETHIOPIA (Email: mkurtu2002@yahoo.com); Animal Science, Nutrition 

Mohamed M. El-Deeb, PhD, Animal Nutrition Research Department, Animal Production Research Institute, Agriculture 
Research Center, Ministry of Agriculture, Dokki, Giza, EGYPT; Email: deep121eg@yahoo.com; ORCID 

Moshood Adewale Belewu, PhD, Professor, Department of Animal Science, University of Ilorin, NIGERIA (SCOPUS, 
Google Scholar; Emails: mabel@unilorin.edu.ng; moshood.belewu@uniabuja.edu.ng); Nutrition - Ruminants; Dairy 
Science  

Nilüfer Sabuncuoğlu, PhD, Professor, Department of Animal Science and Production, Faculty of Veterinary Medicine, 
Atatürk University, TURKEY (Website; Email: ncoban@atauni.edu.tr); Animal Hygiene and Welfare, Physiology 

Ömer Çoban, PhD, Professor, Department of Animal Science and Production, Atatürk University, TURKEY (Website; 
ocoban@atauni.edu.tr); Nutrition - Ruminants 

Paola Roncada, PhD, Associate Professor, Veterinary Pharmacology and Toxicology, University of Bologna, ITALY 
(Email: paola.roncada@unibo.it); Pharmacokinetics 

Raga Mohamed Elzaki Ali, PhD, Assistant Professor, Department of Rural Economics and Development, University of 
Gezira, SUDAN (Email: ragaelzaki@yahoo.co.uk); Animal-feed interactions, Nutritive value 

Rashid Habiballa Osman, PhD, Assistant Prof., in Department of Poultry Production, Faculty of Animal Production, West 
Kordofan University, SUDAN (E-mail: rashid@wku.edu.sd); Nutrition - Non-Ruminants 

Raziye Raeesi, PhD in Fisheries Engineering, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, 
IRAN (Email: r.reisi2012@yahoo.com); Aquaculture, Fish nutrition 

Serap İLHAN AKSU, Department of Histology and Embryology, Faculty of Veterinary Medicine, Kafkas University, Kars, 
TURKIYE (Website, Google Scholar, ORCID; Email: serapilhan01@gmail.com); Histology and Embryolog 

Sesotya Raka Pambuka, MSc, Sinta Prima Feedmill, Poultry and Aqua Feed Formulation, Sulaiman Rd 27A, West 
Jakarta, INDONESIA 

Shigdaf Mekuriaw, Andassa Livestock research center, ETHIOPIA (Email: shigdafmekuriaw@yahoo.com); Animal 
production and Nutrition  

Terry Ansah, PhD, University for Development Studies-Ghana and Harper Adams University College, UK (Email: 
ansahterry@yahoo.com); Nutrition - Ruminants  

Tohid Vahdatpour, PhD, Assistant Professor, Department of Physiology, Islamic Azad University, Shabestar, IRAN 
(Scopus; Google Scholar; Emails: vahdatpour@iaushab.ac.ir; tvahdatpour@gmail.com); Physiology and Functional 
Biology of Systems 

Vassilis Papatsiros, PhD, Department of Porcine Medicine, University of Thessaly, Trikalon str 224, GR 43100, GREECE 
(Email: vpapatsiros@yahoo.com); Dietary input, Animal and Feed interactions 

Wafaa Abd El-Ghany Abd El-Ghany, PhD, Associate Professor, Poultry and Rabbit Diseases Department, Cairo 
University, Giza, EGYPT (Email: wafaa.ghany@yahoo.com); Poultry and Rabbit Diseases 

mailto:nour@purdue.edu
mailto:dr.adnan011@gmail.com
mailto:dr.adnan@salmanpoultry.com
mailto:ahmtstar@gmail.com
mailto:anobakht20@yahoo.com
mailto:alirezaradkhah@ut.ac.ir
mailto:hafezibahareh@yahoo.com
https://unis.kafkas.edu.tr/akademisyen-detay/dilem.ermutlu
https://orcid.org/0000-0001-6417-2133
mailto:dilemermutlu@gmail.com
https://www.kafkas.edu.tr/veteriner/TR/sayfa7561
https://scholar.google.com.tr/citations?user=7unnDXMAAAAJ&hl=tr
https://www.scopus.com/authid/detail.uri?authorId=36135232200
mailto:dr-erolaydin@hotmail.com
mailto:dr-erolaydin@hotmail.com
https://orcid.org/0000-0001-8427-5658);
mailto:fazulnabishar@yahoo.com
mailto:ferdaus.dps@sau.ac.bd
https://www.scopus.com/authid/detail.uri?authorId=56118129100
mailto:godadaw@gmail.com
https://orcid.org/0000-0001-5624-7983)
https://orcid.org/0000-0001-5624-7983)
mailto:prof.hazimaldaraji@yahoo.com
mailto:mkurtu2002@yahoo.com
mailto:deep121eg@yahoo.com
https://orcid.org/0000-0002-5893-6763
https://www.scopus.com/authid/detail.uri?authorId=10043531400
https://scholar.google.com/citations?user=op7iQgUAAAAJ&hl=en&oi=ao
mailto:mabel@unilorin.edu.ng
mailto:moshood.belewu@uniabuja.edu.ng
https://www.atauni.edu.tr/nilufer-sabuncuoglu-coban
mailto:ncoban@atauni.edu.tr
https://www.atauni.edu.tr/omer-coban
mailto:ocoban@atauni.edu.tr
mailto:ragaelzaki@yahoo.co.uk
mailto:rashid@wku.edu.sd
mailto:r.reisi2012@yahoo.com
https://unis.kafkas.edu.tr/akademisyen-detay/serap.ilhan.aksu/lang=en
https://scholar.google.com/citations?hl=tr&user=po57v-0AAAAJ&view_op=list_works&sortby=pubdate
https://orcid.org/0000-0003-3100-498X
mailto:serapilhan01@gmail.com
mailto:shigdafmekuriaw@yahoo.com
mailto:ansahterry@yahoo.com
https://www.scopus.com/authid/detail.uri?authorId=24833781400
https://scholar.google.com/citations?user=MWDRgmEAAAAJ&hl=en
mailto:vahdatpour@iaushab.ac.ir
mailto:tvahdatpour@gmail.com
mailto:vpapatsiros@yahoo.com
mailto:wafaa.ghany@yahoo.com


c | P a g e 

Wesley Lyeverton Correia Ribeiro, MSc, DVM, College of Veterinary, Medicine, State University of Ceará, Av. 
Paranjana, 1700, Fortaleza, BRAZIL (Email: wesleylyeverton@yahoo.com.br); Animal Health and Welfare, Veterinary 
Parasitology 

Yonas Gizaw Habtemichae, DVM, MVSc; Jigjiga University, College of Veterinary Medicine, P.O.Box.1020 Jigjiga, 

ETHIOPIA (Email: yonasg5@gmail.com; ORCID: 0000-0003-4208-5682) 

 

Advisory Board  

Alireza Ahmadzadeh, PhD, Assistant Professor, Department of Animal Science, Islamic Azad University, Shabestar, 
IRAN (Emails: a.r.ahmadzadeh@gmail.com; ahmadzadeh@iaushab.ac.ir); Biometry - Plant Breeding (Biotechnology) 

Daryoush Babazadeh; DVM, DVSc, PhD of Avian/Poultry Diseases, School of Veterinary Medicine, Shiraz University, 
Shiraz, IRAN (Scopus; ORCID ID; Publons; Full Member of WAME; Member of IAVE; Email: 
daryoush.babazadeh@shirazu.ac.ir) 

Fikret Çelebi, PhD, Professor of Physiology, Faculty of Veterinary Medicine, Atatürk University, Erzurum, TURKEY 
(Email: fncelebi@atauni.edu.tr); Physiology and Functional Biology of Systems 

Mohamed Shakal, Professor, Poultry Diseases Department, Faculty of Veterinary Medicine, Cairo University, EGYPT; 
Director of the Endemic and Emerging Poultry Diseases Research Center, Cairo University, Shek Zaed Branch, EGYPT; 
Chairman of The Egyptian Poultry Forum Scientific Society. REPRESENTATIVE FOR EGYPT & MENA REGION. Email: 
shakal2000@gmail.com 

Naser Maheri Sis, PhD, Assistant Professor, Dept. Anim. Sci., Islamic Azad University, Shabestar, IRAN (Website; 
Emails: maherisis@iaushab.ac.ir; nama1349@gmail.com); Nutrition - Ruminants, Nutritive Value, Utilization of Feeds 

 

 

 

 

 

 
 

 

Join OJAFR Team 
 

Online Journal of Animal and Feed Research is always striving to add diversity to our editorial board and staff. 

Applicants who have previous experience relevant to the position they are applying for may be considered for more senior 
positions within OJAFR. All applicants should begin as section reviewers before progressing on to more senior roles. 
Editorial board members do not receive any remuneration unless in overtime working conditions. These positions are 
voluntary. If you are currently graduated from MSc, or PhD at university and interested in working for OJAFR, please fill 
out the application form below. Once your filled application form is submitted, the editorial board of the journal will review 
your request and inform you within a week of their decision for membership in the editorial board. The list of the editorial 
board will be updated yearly and the new members will be listed each year. If you are a PhD, assistant, associate 
professor, distinguished professor, or an active researcher, please send us a copy of your resume (CV) and your ORCID 
ID. You should briefly express any leadership positions, editorial or publishing activities, and other experiences you have 
had that are relevant to applied research, conducted studies, and published articles. Also, the volunteer editor/reviewer 
should declare if he/she has any conflict of interest for joining the journal editorial board in requesting time, and also 
during his/her activity as an editor or reviewer. 

If you would like to represent the OJAFR at your university, join our volunteer staff today! OJAFR representatives can 
include any assistant students, teachers, instructors, researchers, and professors at university or international institutes. 
You can also register as a member of the journal for subsequent contacts by email and or invitation for joining 
educational webinars. 

Editors affiliated with the Online Journal of Animal and Feed Research who are also serving on the editorial boards of 
other journals sharing similar goals and scope are expected to adhere to the policies of the Online Journal of Animal and 
Feed Research while they are involved in editorial responsibilities at the Online Journal of Animal and Feed Research. For 
such editors, it is important to declare any potential conflict of interest transparently. If at any stage of the journal’s peer 
review process, it becomes apparent that a submitted article is under consideration in a journal where our editor also 
serves, the Online Journal of Animal and Feed Research immediately reassigns the article to another editor. Similarly, if 
such a situation involves the editor-in-chief, and the editor-in-chief collaborates with another journal, the responsibility for 
handling that article is delegated to the second editor-in-chief/associate editor-in-chief/handling editor/managing editor. 
In case of a conflict of interest between the editor-in-chief and any of the mentioned roles, the article will be handled by 
one of the editorial board members. 

Download OJAFR Application Form 
 
 
 
 

mailto:wesleylyeverton@yahoo.com.br
mailto:yonasg5@gmail.com
mailto:ahmadzadeh@iaushab.ac.ir
https://www.scopus.com/authid/detail.uri?authorId=43360996700
http://orcid.org/0000-0003-1118-2295
https://jwpr.science-line.com/index.php?option=com_content&view=article&id=10&Itemid=6#profile
http://www.wame.org/
http://www.veteditors.org/about/
mailto:daryoush.babazadeh@shirazu.ac.ir
mailto:fncelebi@atauni.edu.tr
https://scholar.cu.edu.eg/?q=shakal/node/73648
mailto:shakal2000@gmail.com
http://maherisis.iaushab.ac.ir/index.aspx?fkeyid=&siteid=100&pageid=6706
mailto:maherisis@iaushab.ac.ir
mailto:nama1349@gmail.com
https://orcid.org/
https://orcid.org/
http://www.ojafr.ir/main/attachments/article/52/OJAFR%20Application%20Form.doc


d | P a g e 

 

  
Previous issue | Next issue | Archive 

Volume 16 (1); January 2026 

 
Research Paper 
 

Effect of supplemented Cordyceps militaris extract on disease resistance and survival 

rate of striped catfish (Pangasius hypophthalmus) fingerlings 
 

Lan T.T., Hang N.T.T., Hanh N.T.B., Mai V.P., Vy P.N.T., Nhi N.H.Y. 
 
Online J. Anim. Feed Res., 16(1): 01-09, 2026; pii: S222877012600001-16 
 
DOI: https://dx.doi.org/10.51227/ojafr.2026.1  
 
Abstract 
The effects of supplemented Cordyceps militaris extract in diets has been studied on the survival and immune response of 
striped catfish (Pangasius hypophthalmus) fingerlings with bacterial challenge conditions. The experiment was conducted 
for 60 days with six treatments and three replicates, including negative and positive controls with four dietary 
supplementation levels of C. militaris extract (0.18%, 0.24%, 0.36%, and 0.47%). After the feeding trial, striped catfish 
were challenged with Edwardsiella ictaluri at a dose of 10⁵ CFU/mL. Results showed that survival rates of striped catfish 
increased significantly with higher extract levels, reaching the highest value (70%) at 0.47% supplementation compared 
with only 16.67% in the positive control group. Hematological indices such as red blood cell (RBC) and white blood cell 
(WBC) including lymphocytes, monocytes, and neutrophils increased proportionally with extract concentration, which can 
indicate enhanced immune responses. In conclusion, the findings suggest that dietary supplementation of C. militaris 
extract at 0.47% improves the disease resistance and health status of striped catfish fingerlings against E. ictaluri 

infection. This result highlights the potential application of C. militaris extract as a natural immunostimulants to enhance 
survival and reduce antibiotic use in catfish aquaculture. 
Keywords: Cordyceps militaris, Edwardsiella ictaluri, Immune response, Pangasius hypophthalmus, Survival rate. 
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Comparison of the serum minerals that promote bone healing in healthy and clinically 

sick goats in Bangladesh 
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DOI: https://dx.doi.org/10.51227/ojafr.2026.2  
 
Abstract 
Serum minerals such as calcium, phosphorous, and magnesium are 
essential for the skeletal system during bone formation and remodeling 
as well as fracture repair. Present study was intended to assess the 
serum biochemical parameters of three of the most important macro 
minerals (calcium, phosphorus, and magnesium), which are key minerals 
for bone healing or development in healthy and clinical sick goats. Serum 
samples were collected from a total of 200 goats (healthy=102, clinically 
sick=98) from a veterinary hospital and three farms of Chattogram, 
Bangladesh. The overall mean serum calcium level of healthy goats was 
8.47±0.11 mg/dl and in sick goats it was 7.63±0.12 mg/dl, and the 
value was much lower than the reference value in sick goats. The serum phosphorus and magnesium levels did not vary 
between the two groups and were within (phosphorus) or close to (magnesium) the range of reference values. In healthy 
goats, their serum calcium level varied significantly considering age, body weight, sex, feeding type, and owner's income. 
However, the serum phosphorus and magnesium levels did not vary significantly across the different parameters tested, 
except for sex and owner's income in the case of phosphorus. Three sick goats had hypocalcemia, which means that their 
calcium and magnesium levels were lower than the standard values of 5.9±0.5 and 1.9±0.2 mg/dl, respectively. 
However, their phosphorus levels were normal across all groups of sick goats. In conclusion, the value of an important 
mineral for bone healing is lower in both sick and healthy goats, which is a frightening sign for bone problems. Most goats 
have low levels of calcium and magnesium but average levels of phosphorous. Based on these findings, sufficient calcium 
and magnesium can be added to feed and given orally to further prevent bone fracture. 
Keywords: Calcium, Clinically sick animals, Feeding type, Indigestion problems, Magnesium, South Asian region.  
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DOI: https://dx.doi.org/10.51227/ojafr.2026.3  
 
Abstract 
This study analyzed the demand for water and its effect on the 
productivity of broiler production in Imo State, Nigeria. Specifically, the 

objectives were to A) estimating the determinants of water demand in 
broiler farms, B) examining the level of water consumption relative to 
recommended standards, C) evaluating the productivity of broiler 
farmers, and D) identifying constraints to water access. Primary data 
were collected from 120 broiler farmers using a structured questionnaire 
and analyzed with descriptive statistics, the broiler water consumption 
ratio (BWCR), productivity index, and multiple regression models. Results 
showed that the exponential functional form was the best fit, with an R² 
of 0.684, indicating that 68.4% of the variation in water demand was 
explained by farm and bird characteristics. Age of birds (P < 0.05), stock 
size (P < 0.01), and bird weight (P < 0.10) significantly influenced water 
demand. Based on the BWCR, 43.3% of broilers consumed water below optimal levels, 25.0% consumed excessively, and 
only 31.7% were within the recommended range. Farmers demonstrated high productivity with a ratio of 3.30, suggesting 
efficient input use; however, sustainability is threatened by persistent water constraints. The most pressing challenges 
were limited access to water distributors (18.5%), scarcity (15.0%), contamination (13.0%), high fuel costs (13.0%), and 
climate change (13.0%). The findings underscore the need for policy interventions to strengthen rural water 
infrastructure, promote solar-powered pumping systems, and improve extension services on water-use efficiency. 
Addressing these issues will enhance both the productivity and resilience of broiler production in water-scarce 
environments. 
Keywords: Broiler productivity, Poultry requirements, Water consumption ratio, Water demand, Nigeria  
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Abstract 
This study aims to examine the performance and nutritional quality of 
lesser mealworms (Alphitobius diaperinus) reared with different protein 
levels in the culture medium. The research method used was a completely 
randomized design (CRD) with 4 treatments and 5 replications. The 
treatments involved providing different protein levels in the culture 
medium: A (13%), B (15%), C (17%), and D (19%). The variables 
observed were larval consumption (g/500 g medium), larval production 
(g/500 g medium), larval body weight gain (g/500 g medium), chitin 
content (%), crude protein (%DM), nitrogen retention (%), crude fat (%DM), crude fat digestibility (%), and 
metabolizable energy (kcal/kg) of lesser mealworms. The result of this study showed that differences in protein levels in 
the culture medium had a very significant effect (P < 0.01) on larval consumption, larval production, larval body weight 
gain, chitin content, crude protein, nitrogen retention, crude fat, crude fat digestibility, and metabolizable energy of lesser 
mealworms. This study concluded that 19% protein culture medium was the optimal treatment for lesser mealworm 
rearing, yielding larval consumption of 181.87 g/500 g medium, larval production of 122.52 g/ 500 g medium, larval body 
weight gain of 107.51 g/500 g medium, chitin content of 21.17%, crude protein of 46.77% (DM), crude fat of 25.69% 
(DM), nitrogen retention of 78.72%, crude fat digestibility of 79.55%, and metabolizable energy of 2994.25 kcal/kg.  The 
findings indicate that smaller mealworms hold considerable potential as an alternative source of animal protein for poultry 
feed.  
Keywords: Feedstuff, Lesser Mealworm, Nutritional Quality, Performance, Protein Medium. 
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Abstract 
Soybean meal is the dominant protein source in animal feed, but rising 
costs have encouraged the search for alternatives. Canavalia gladiata, a 
tropical legume with good yield potential and resistance to pests, 
contains about 26% protein. However, its use in non-ruminant diets is 
constrained by anti-nutritional factors. Fermentation with Saccharomyces 
cerevisiae has been shown to enhance protein content and reduce anti-
nutrients in various feed ingredients, making it a promising strategy for 
improving C. gladiata seed. The aim of this study was to evaluate the 
effect of yeast fermentation on C. gladiata seed meal proximate 
composition, bioactive compounds, fatty acid profile and amino acid 
profile. In this study, raw seed meal (RCSM) was prepared from C. gladiata seed grown in Côte d’Ivoire, while fermented 
seed meal (FCSM) was obtained through a two-step aerobic and anaerobic fermentation with yeast. Proximate 
composition, bioactive compounds, antioxidant activity, fatty acid and amino acid profiles were determined using standard 
analytical methods. Fermentation increased dry matter by 4% and crude protein by 23%, while reducing carbohydrates 

and ash. It also enhanced total polyphenols by 11.11% and antioxidant activity by 32.14%, though flavonoids decreased 
slightly and tannin levels increased. Fatty acid profiles showed stability of polyunsaturated fatty acid (PUFA) and n-6/n-3 
ratios within optimal ranges. Amino acids increased overall, with notable rises in several essential amino acids, though 
lysine, cystine, and glutamic acid declined. Overall, yeast fermentation significantly improved the nutritional and bioactive 
properties of C. gladiata seed meal, supporting its potential as an affordable alternative protein source for monogastric 
animal diets. 
Keywords: Bioactive compounds, Canavalia gladiata, Fermentation, Nutritional value, Yeast. 
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Abstract 
The performance and blood constituents of growing rabbits fed varying 
ratios of Alternanthera sessilis (Sessilis joyweed; AS) and Tridax 
procumbens (Tridax Daisy; TP) were evaluated. Thirty growing male 
rabbits with initial body weight ranging from 617.50g to 657.50g were 
randomly allotted to five dietary treatments, each comprising six animals 
housed individually in a completely randomized design. The experimental 
diets were as follows: T1 (100%AS), T2 (75%AS+25%TP), T3 
(50%AS+50%TP), T4 (25% AS+75%TP) and T5 (100%TP). The 
experiment lasted for seven weeks, during which data on feed intake, 
body weight gain, hematological indices and serum biochemical 
parameters were collected and analyzed using one-way analysis of 
variance. The results indicated that dietary treatments had no significant 
effect (P>0.05) on performance parameters, except for average daily feed intake (ADFI). Rabbits fed T1 and T4 recorded 
the highest ADFI (96.49 and 96.01 g/day respectively), whereas those on T3 and T5 showed the lowest values. The best 
(lowest) feed conversion ratio (5.79) was observed in rabbits fed T4. Rabbits on T4 exhibited the highest packed cell 
volume (32.00%), hemoglobin concentration (10.20 g/dL), red blood cell count (5.64×106/µL), platelet count 
(140.00×10³/µL), and white blood cell count (32.50×10²/µL). In addition, significantly higher (P<0.05) serum total 
protein (7.00 g/dL), albumin (2.90 g/dL) and globulin (4.10 g/dL) levels were recorded in rabbits fed T4 compared with 
other treatments. It can be concluded that the dietary combination of 25%AS+75%TP produced the most favorable 
performance and blood profile in growing rabbits. This suggests that Alternanthera sessilis can serve as a viable 
alternative forage resource Tridax procumbens in rabbit nutrition. 
Keywords: Blood, Forage, Rabbit, Performance, Sessilis joyweed, Tridax daisy.  
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Supporting Information 

ABSTRACT: The performance and blood constituents of growing rabbits fed varying ratios of Alternanthera 

sessilis (Sessilis joyweed; AS) and Tridax procumbens (Tridax Daisy; TP) were evaluated. Thirty growing male 

rabbits with initial body weight ranging from 617.50g to 657.50g were randomly allotted to five dietary 

treatments, each comprising six animals housed individually in a completely randomized design. The 

experimental diets were as follows: T1 (100%AS), T2 (75%AS+25%TP), T3 (50%AS+50%TP), T4 (25% 

AS+75%TP) and T5 (100%TP). The experiment lasted for seven weeks, during which data on feed intake, 

body weight gain, hematological indices and serum biochemical parameters were collected and analyzed 

using one-way analysis of variance. The results indicated that dietary treatments had no significant effect 

(P>0.05) on performance parameters, except for average daily feed intake (ADFI). Rabbits fed T1 and T4 

recorded the highest ADFI (96.49 and 96.01 g/day respectively), whereas those on T3 and T5 showed the 

lowest values. The best (lowest) feed conversion ratio (5.79) was observed in rabbits fed T4. Rabbits on T4 

exhibited the highest packed cell volume (32.00%), hemoglobin concentration (10.20 g/dL), red blood cell 

count (5.64×106/µL), platelet count (140.00×10³/µL), and white blood cell count (32.50×10²/µL). In 

addition, significantly higher (P<0.05) serum total protein (7.00 g/dL), albumin (2.90 g/dL) and globulin (4.10 

g/dL) levels were recorded in rabbits fed T4 compared with other treatments. It can be concluded that the 

dietary combination of 25%AS+75%TP produced the most favorable performance and blood profile in 

growing rabbits. This suggests that Alternanthera sessilis can serve as a viable alternative forage resource 

Tridax procumbens in rabbit nutrition. 

Keywords: Blood, Forage, Rabbit, Performance, Sessilis joyweed, Tridax daisy. 
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INTRODUCTION   
 

The growing global population suggests the necessity of food security and a sustainable supply of dietary protein. 

According to FAOSTAT (2022), a substantial reduction in protein consumption has been observed in parts of Africa and 

Asia. In Nigeria, the average daily protein intake is estimated at 45.40 g per capita which is below the recommended level 

of 53.80 g per day set by the Food and Agriculture Organization (FAO) and also lower than the global average of 64.00 g 

(Akerele et al., 2017; Protein Challenge, 2020). Furthermore, Adetunji and Adepoju (2011) emphasized that 

approximately 35.00 g of daily protein intake should be derived from animal sources. However, a declining trend in 

animal protein consumption has been reported in Nigeria, despite the country’s population being projected to increase 

from about 201 million in 2019 to approximately 401 million by 2050. 

This rapid population growth, coupled with the increasing demand for animal protein highlights the urgent need to 

explore unconventional livestock species characterized by fast growth rates and short gestation periods (Sonea et al., 

2023; Miassi and Dossa, 2023). Rabbit (Oryctolagus caniculus) production represents a promising option, as rabbits are 

relatively inexpensive to raise and exhibit high meat production efficiency. Rabbits possess several advantageous 

characteristics, including rapid growth rate, early attainment of puberty, short gestation period, high reproductive 

potential, efficient feed conversion, ability to utilize forages, and ease of housing and handling (Arijeaniwa et al., 2002; 

Chipo et al., 2019; Khalid et al., 2020; Oladimeji et al., 2021). Despite these favorable attributes, rabbit production 

remains underutilized in tropical regions. This is largely due to the scarcity and high cost of conventional feed ingredients, 

which constrain large-scale rabbit production, particularly in Nigeria. 
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In order to tackle these challenges, research efforts have increasingly focused on identifying feed ingredients and 

additives that are readily available and relatively inexpensive (Oluremi et al., 2018; Aderemi and Alabi, 2023). Agro-

industrial by-products, forages, and meals derived from various plant leaves and seeds represent promising alternatives to 

conventional feed resources (Aderemi et al., 2015; Alabi et al., 2017; Vastolo et al., 2022; Amos et al., 2025). Among the 

available forages, Alternanthera sessilis and Tridax procumbens are particularly noteworthy because of their nutritional 

and medicinal properties (Fahey, 2005). These plants therefore have the potential to partially or completely replace 

conventional protein sources in rabbit diets, thereby improving feed efficiency and growth performance.  

Alternanthera sessilis (Sessilis Joyweed) is perennial forage belonging to the family Amaranthaceae and is commonly 

utilized fin ruminant nutrition (Singla et al., 2022). In addition to its use as a leafy vegetable and edible herb, it possesses 

a pleasantaroma and contains a desirable levels of dietary fibre, vitamins, flavonoids, minerals and carotenoids (Michael, 

2011; Shehzad et al., 2018; Alabi et al., 2024a). According to Shehzad et al, (2018), Alternanthera sessilis provides 

approximately 251.00 KJ/mol of energy and 4.70 g/100 g of crude protein, indicating its potential value as a feed 

resource.  

Similarly, Tridax procumbens (Tridax daisy) is characterized by excellent regrowth ability, resilient, and suitability as a 

forage crop for livestock. Its nutritional profile, including levels of protein, minerals, vitamins, tocopherols, phenolic 

compounds and β-carotene, has been well documented (Anwar et al., 2007; Samantha et al., 2018; Sarkar et al., 2022). 

These nutrients play vital roles in growth and reproductive development of the animals, making T. procumbens useful 

substitute for conventional protein sources such as soybean meal and fish meal in monogastric animal nutrition.  

Given these nutritional qualities, Alternathera sessilis and Tridax procumbens may enhance feed utilization and 

growth performance in growing rabbits. Therefore, the objective of this study was to evaluate the effect of graded dietary 

inclusion levels of these two forages on the performance of growing rabbits. Specifically, the study assessed feed intake, 

body weight gain, and feed conversion efficiency, as well as the effects of the diets on haematological and serum 

biochemical indices. The overall aim was to determine the suitability of these forages as alternative feed resources for 

rabbits and to identify the optimal combination level for maximizing growth performance and physiological health.  

 

MATERIALS AND METHODS 

 

Ethical consideration 

Ethical approval for the study was obtained from the Institutional Research Ethics Committee.  

 

Study location and duration 

The experiment was carried out at the rabbit Unit of the Animal Production Research Faculty National Centre for 

Genetic Resources and Biotechnology (NACGRAB), Moor Plantation, Ibadan, Nigeria.  

 

Forage sourcing and processing 

The two experimental forages used in the feeding trial were Alternanthera sessilis (AS) and Tridax procumbens (TP), 

both harvested locally. Fresh samples of the forages were collected from areas within the vicinity of the study site. Whole 

plants, including stems and leaves, were harvested at approximately 3 cm above ground level during the mid-vegetative to 

early flowering phase. The harvested material were rinsed with clean water to remove soil and debris, drained, and air-

dried for 24 hours on a concrete surface while ensuring retention of green coloration. The air-dried forages were weighed 

using a Salter electronic scale and subsequently offered to the rabbits according to the assigned dietary treatments.  

 

Experimental diets 

Five dietary treatments were formulated based on varying proportions of AS (Alternanthera sessilis) and and TP 

(Tridax procumbens) as follows: 

T1: 100% AS; T2: 75% AS + 25% TP; T3: 50% AS + 50% TP; T4: 25% AS + 75% TP; T5: 100% TP 

 

Animal selection and husbandry 

Thirty weaned male Large White rabbits, aged eight weeks and weighing between 617 and 657 g, were sourced from 

the Institute of Agricultural Research and Training (IAR&T), Moor Plantation, Ibadan. Prior to the arrival of animals, all 

housing units, feeders, drinkers, and the hutch area were thoroughly cleaned and disinfected. Upon arrival, the rabbits 

were allowed a seven-day acclimatization period, during which they were managed under conditions similar to those of 

the experimental period. Each rabbit was individually housed in a metal battery cage measuring 23 × 18 × 15 inches. 

Feed and clean drinking water were provided ad libitum throughout the experiment.  

The rabbits were allowed to stabilize on the experimental diets for four days before the data collection commenced. 

Feeding was carried out twice daily at 08:00 and 16:00 h and maintained consistently throughout the study. Equal 

quantities of moistened concentrate feed were provided daily as supplements. The proximate composition of the 

concentrate diet is presented in Table 1.  
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Table 1 - Proximate composition of the experimental diets. 

Parameters (%) 
T1 

(100%AS) 

T2 

(75%AS+25%TP) 

T3  

(50%AS+50%TP) 

T4 

(25%AS+75%TP) 

T5 

(100%TP) 

Dry matter 72.40 73.05 73.7 73.88 75 

Crude Protein 26.16 24.47 22.78 21.25 19.4 

Crude fibre 8.8 8.03 7.25 6.8 5.7 

Ether extract 3.87 6.03 8.185 10.05 12.5 

Ash 8.5 7.45 6.4 5.75 4.3 

NFE 45.07 47.08 49.09 56.15 53.1 

NFE: Nitrogen free extract; *Metabolizable energy of the experimental diets: T1 = 2862.24, T2= 3046.44, T3 = 3250.54, T4 = 3573.59, 

T5 = 3598.80 KCal/Kg.  

 

Experimental design 

The experiment was arranged in a completely randomized design. Thirty rabbits were randomly allocated to five 

dietary treatments, with six replicates per treatment and one rabbit constituting each replicate.  

 

Nutrient composition analysis 

The chemical composition of the experimental diets was determined using standard procedures of the Association of 

Official Analytical Chemists (AOAC, 2000). Parameters analyzed included dry matter, crude protein, crude fiber, ether 

extract and ash content while nitrogen-free extract (NFE) was calculated by difference. The Metabolizable Energy (KcalKg-

1) content of the experimental diets was estimated using the following formula:  

ME (KcalKg-1) = 3.50 x crude protein + 8.46 x acid ether extract + 3.50 x NFE as recommended by the National 

Research Council-NRC (Ohshima et al., 1995). 

 

Performance metrics 

Feed intake and growth performance 

The experimental diets were offered to the rabbits in known quantities at designated feeding times. Feed refusals 

were collected and weighed after 24 hours to determine actual feed intake. Initial live body weights were recorded at the 

commencement of data collection, prior to feeding, and subsequently measured on a weekly basis throughout the 

experimental period. Average daily weight gain (ADG) was calculated by dividing the total weight gain by the duration of 

the experiment (49 days). Average daily feed intake (ADFI) and Feed Conversion Ratio (FCR) were computed using 

standard procedures. 

Feed intake (kg)                            =  Feed offered-Remnant 
 

Average daily feed intake (kg)     = 
Feed intake (g)

Number of days of the experiment
 

 

Weight Gain (kg)                           = Final Weight Gain - Initial Weight Gain 
 

Average daily Weight gain (kg)= 
Weight Gain (g)

Number of days of the experiment
 

 

FCR                                                        = 
Average daily feed intake 

Avearage daily weight gain 
 

 

Blood sample collection and analysis 

On the 49th day of the experiment, blood samples (5 ml) were collected from three rabbits randomly selected from 

each treatment group via the lateral saphenous vein of the hind limb, as described by Parasuraman et al. (2017). The 

collection site was shaved and sterilized prior to sampling. Of the 5 ml collected from each rabbit, 3 ml was dispensed 

into tubes containing ethylenediaminetetraacetic acid (EDTA) for hematological analysis. The samples were gently mixed 

to prevent clot formation and analyzed within one hour of collection. Hematological parameters determined included red 

blood cell (RBC) count, white blood cell (WBC) count, hemoglobin (Hb) concentration, and packed cell volume (PCV), 

following the methods described by Davice and Lewis (1991). The remaining 2 mL of blood was transferred into plain 

tubes without anticoagulant and centrifuged at 500 rpm for 3 minutes to obtain clear serum. Serum samples were 

analyzed using a spectrophotometry at a wavelength of 500 nm with commercial assay kits (Sentinel, Italy). Serum 

biochemical indices, including total cholesterol, aspartate aminotransferase (AST), alkaline phosphatase (ALP), and 

albumin were determined using diagnostic kits supplied by Randox Laboratories Ltd. (U.K). 
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Statistical analysis 

All data generated were subjected to statistical analysis using one-way analysis of variance (ANOVA) in SAS software 

version 9.1 (SAS, 2005). Where significant differences were detected, treatment means were separated using Duncan’s 

Multiple Range Test at a 5% level of significance (P<0.05).  

 

RESULTS AND DISCUSSION 

 

Growth performance of the experimental rabbits 

Table 2 presents the growth performance indices of the rabbits fed graded levels of Alternanthera sessilis and Tridax 

procumbens. The results indicated that the dietary treatments had no significant effect (P<0.05) on most performance 

parameters, except for average daily feed intake (ADFI), which differed significantly among the treatment groups. Rabbits 

fed diets containing 100%AS and 75%AS+25%TP recorded the highest ADFI values of 96.49 g/day and 96.01 g/day, 

respectively, with no significant difference between the two treatments. In contrast, rabbits fed 50%AS+50%TP (79.35 

g/day) and 25%AS+75%TP (66.14 g/day) exhibited statistically similar ADFI values, which were significantly lower than 

those observed in the other treatment groups. The feed intake values recorded in the present study were higher than the 

41.20 g/day previously reported by Adeniji and Ehiemerem (2003). Similarly, average daily weight gain observed in this 

experiment exceeded the range of 6.78 - 8.64 g/day earlier reported by Omoikhoje et al. (2006) and Odeyinka et al. 

(2008) for rabbits raised under tropical climates. Furthermore, the feed conversion ratios (FCR) values obtained in this 

study were higher than those previously documented by Mufwa et al. (2011) and Okorie (2003) for growing rabbit. 

 

Table 2 - Performance characteristics of the experimental rabbits. 

               Treatments 
 

Parameters 

T1  

(100%AS) 

T2 

(75%AS+25%TP)   

T3  

(50%AS+50%TP) 

T4  

(25%AS+75%TP) 

T5 

(100%TP) 
SEM P-value  

Initial weight (g)    620.33b 617.5b 657a 625.33b 618b 18.61 .001 

Final weight (g) 1247.3b 1232c 1225.7c 1194.7d 1286.3a 30.45 .002 

Weight gain (g) 626.97b 614.5c 568.7d 569.37d 668.3a 32.18 .001 

ADWG (g/d) 12.8b 12.54c 11.61d 11.62d 13.64a 0.66 .004 

TFI (g) 4728a 4704.3a 3888b 3241b 3966.3ab 173.94 .002 

ADFI (g/d) 96.49a 96.01a 79.35b 66.14b 80.95ab 3.55 .001 

FCR 7.86a 7.84a 6.83b 5.79c 6.11b 0.36 .0001 
a,b Means along the same row with different superscripts are significantly different (P<0.05). SEM: The standard error of the mean. ADWG: 

Average daily weight gain, TFI: Total feed intake, ADFI: Average daily feed intake, FCR: feed conversion ratio. T1: 100% Alternanteria sessil, 

T2: 75% Alternanteria sessil and 25% Tridax procumbens, T3: 50% Alternanteria sessil and 50% Tridax procumbens, T4: 25% Alternanteria 

sessil and 75% Tridax procumbens and T5: 100% Tridax procumbens 

 

Hematological parameters 

Blood analysis is a reliable tool for assessing the health status as well as the nutritional, physiological, and 

pathological conditions of animals (Alabi et al., 2024b). Hematological indices are particularly valuable for detecting 

potential dietary toxicity and evaluating the physiological responses of animals to experimental diets (Oyawoye and 

Ogunkunle, 1998). Table 3 presents the effects of the dietary treatments on the hematological parameters of the 

experimental rabbits. These indices serve as critical indicators of the animals’ physiological and immunological status and 

provide insight into how dietary interventions influence systemic function and overall welfare. 

  

Packed cell volume (PCV), heamoglobin concentration (Hb) and red blood cell (RBC) count 

Rabbits fed diet in T4 (25%AS+75%TP) recorded the highest packed cell volume (32.00%), heamoglobin 

concentration (10.20 g/dl), and red blood cell count (5.26×10^6/µL), values that were significantly (P<0.05) higher than 

those observed in the other treatment groups. These findings suggest that this dietary combination supported enhanced 

erythropoiesis, possibly due to a balanced supply of essential micronutrients such as iron, folic acid, and vitamin B₁₂, 

which are required for red blood cell synthesis (Jain, 1993). In contrast, rabbits fed T5 (100% TP) exhibited the lowest PCV 

(21.00%), Hb concentration (6.90 g/dL), and RBC count (3.41×10⁶/µL), indicating a possible reduction in haematopoietic 

efficiency or a tendency toward anaemia when Tridax procumbens was offered as the sole forage source. Although T. 

procumbens possesses documented phytotherapeutic properties, these results suggest that it may not provide adequate 

nutritional support for optimal erythropoiesis when used alone, highlighting the importance of dietary complementarity 

with Alternanthera sessilis. Notwithstanding these variations, the hematological values obtained across treatments fell 

within the established reference ranges for healthy rabbits (Obinnea et al., 2013; Abdullahi et al., 2021), supporting 

earlier findings by Obinne et al. (2013), who reported improved blood indices in rabbits fed Tridax procumbens. The higher 

inclusion level of Tridax procumbens particularly at 75%, appeared to enhance hematological parameters, likely due to its 
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favorable nutrient composition. The values of the packed cell volume recorded in this study were slightly lower than the 

range of 34.59 - 36.65% reported by Ayandiran et al. (2020) in rabbits fed sorghum brewers’ dried grain.   

 

Table 3 - Haematological indices of the experimental rabbits.  

               Treatments 
 

Parameters 

T1 

(100%AS) 

T2  

(75%AS+25%TP) 

T3  

(50%AS+50%TP) 

T4  

(25%AS+75%TP) 

T5 

(100%TP) 
SEM P-value 

PCV (%) 29b 26c 31a 32a 21d 1.06 .002 

Haemoglobin (g/dL) 9.3b 8.7c 10.1a 10.20a 6.9d 0.12 .002 

Red blood cell (×10) 4.32b 4.23b 5.2a 5.26a 3.41c 0.18 .001 

Platelet (×103) 85a 83a 86a 88a 70b 6.49 .002 

WBC (×102) 23.5c 21d 26b 32.5a 15.34e 2.90 .002 

Lymphocytes (%) 39c 35d 46b 51a 3e 2.01 .001 

Neutrophils (%) 57c 62b 50d 46e 69a 2.20 .001 

Monocytes (%) 3a 1c 2b 2b 1c 0.20 .001 

Eosinophils (%) 1.b 2a 2a 1b 0c 0.20 .002 

a,b Means along the same row with different superscripts are significantly different (P<0.05). SEM: The standard error of the mean. WBC: white 

blood cell. T1: 100% Alternanteria sessil, T2 : 75% Alternanteria sessil and 25% Tridax procumbens, T3: 50% Alternanteria sessil and 50% 

Tridax procumbens, T4: 25% Alternanteria sessil and 75% Tridax procumbens and T5: 100% Tridax procumbens 

 

White blood cell (WBC) and platelet counts 

White blood cell counts are widely use indicators of immunological competence and immune responsiveness. As 

presented in Table 3, rabbits in treatment T4 recorded the highest WBC count (32.50×10^2/µL), which was significantly 

higher (P<0.05) than the values observed in the other treatment groups. In contrast, rabbits fed T5 exhibited the lowest 

WBC count (15.34×10²/µL). This pattern suggests that a mixed forage diet, particularly the T4 combination, may provide 

bioactive compounds capable of enhancing immune function. Similarly, platelet count was significantly higher (P<0.05) in 

rabbits fed T4 (140×10^3/µL) compared with those in the other treatments. This increase may indicate enhanced 

thrombopoiesis. Beyond their primary role in hemostasis, platelets also contribute to inflammatory processes and host 

immune defense mechanisms (Semple et al., 2011). 

 

Lymphocytes and neutrophils 

Lymphocyte percentages were highest in rabbits fed T4 (51.00%), further suggesting that partial substitution of AS 

with TP may stimulate adaptive immune responses. By comparison, rabbits fed the control diet (T1; 100%AS) recorded a 

lower lymphocyte proportion (39%), while the lowest value was observed in rabbits fed T5 (30%), indicating a potential 

compromise in immune competence under a diet composed solely of T. procumbens. Neutrophil percentages, which are 

often associated with stress and inflammatory responses, were significantly higher (P<0.05) in rabbits fed T5 (69%) and 

T2 (62%). This elevation may reflect increased physiological stress or subclinical inflammatory conditions in these 

treatment groups. Conversely, rabbits fed T4 (46%) and T3 (50%) exhibited significantly lower neutrophil counts, which 

may be indicative of reduced stress levels and a more balanced immune status (Minka and Ayo, 2013). 

 

Monocytes and eosinophils 

Rabbits fed T1 (100% AS) exhibited the highest monocytes percentage (30.00%) which was significantly greater 

(P<0.05) than those recorded in T2 (75%AS+25%TP) and T5 (100%TP). Although, monocytes play crucial roles in 

phagocytosis and inflammation, excessive levels may indicate the presence of chronic inflammatory processes. 

Eosinophil percentages were highest in T2 and T3 (2%) and lowest in T5 (0%). Elevated eosinophil levels may sometimes 

reflect allergic responses or parasitic infections; however, in this study, all values remained within the acceptable 

physiological range for healthy rabbits. Overall, the results suggest that T4 (25%AS+75%TP) optimally supports a 

balanced hematological profile and immune status in rabbits. Inclusion of T. procumbens at higher proportions appears to 

enhance both red and white blood cell parameters, possibly due to synergistic interactions between its bioactive 

compounds and the nutritional composition of A. sessilis. In contrast, feeding T. procumbens exclusively, as in T5, 

consistently resulted in suboptimal hematological outcomes, which may negatively affect productivity, immunity, and 

overall welfare.  

 

Serum biochemical parameters 

The effects of the dietary treatments on serum biochemical indices are presented in Table 4. Significant differences 

(P<0.05) were observed among the treatment groups for several parameters. Blood urea nitrogen (BUN) values were 



Online J. Anim. Feed Res., 16(1): 41-48. 

 

 

46 

highest in T5 (32 mg/dL) and lowest in T1 (21 mg/dL). Conversely, rabbits fed T1 exhibited the highest levels of alanine 

aminotransferase (ALT; 61 µ/L) and alkaline phosphatase (ALP; 14 µ/L), in agreement with Bhuyan et al. (2018), who 

reported that inclusion of A. sessilis in rat diets may influence liver function. 

Variations in serum metabolites indicate that dietary composition affects metabolic activity and nutrient utilization. 

Unlike the findings of Omoikhoje et al. (2006), who observed no significant effects from Syndrella nodiflora-based diets, 

this study demonstrated notable dietary influence on serum total protein, albumin, and globulin levels particularly in 

rabbits fed T4 (25%AS+75%TP). Enhanced protein fractions likely reflect improved nutrient assimilation and protein 

utilization, supporting the observations of Iheukwumere and Okoli (2002) that blood chemistry is a direct indicator of an 

animal’s physiological response to diet and environment. Notably, all protein fractions in this study aligned with the 

physiological reference range for normal rabbits: total protein (5.4–7.5 g/dL), albumin (2.5–4.5 g/dL), and globulin (1.9–

3.5 g/dL) (Eshar et al., 2021). 

 

Table 4 - Serum biochemical indices of the experimental rabbits 

                   Treatments 
 

Parameters 

T1 

(100%AS) 

T2  

(75%AS+25%TP) 

T3  

(50%AS+50%TP) 

T4  

(25%AS+75%TP) 

T5 

(100%TP) 
SEM P-value 

Total protein (g/dL) 5.9c 6.1b 6b 7a 6.2b 0.11 .002 

Albumin (g/dL) 2.5c 2.6b 2.5c 2.90a 2.6b 0.04 .001 

Globulin (g/dL) 3.4d 3.5c 3.5c 4.10a 3.6b 0.07 .001 

A/G  0.74a 0.74a 0.71b 0.72b 0.71b 0.02 .001 

BUN (mg/dL) 21e 25c 22d 27b 32a 1.05 .002 

Creatinnine (mg/dL) 0.6c 0.7b 0.5d 0.7b 0.8a 0.03 .0001 

AST (µ/L) 71a 66b 54c 67b 69a 9.41 .003 

ALT ( µ/L) 45e 53c 49d 55b 61a 1.45 .003 

ALP ( µ/L) 12c 13b 13b 12c 14a 0.20 .001 
a,b Means along the same row with different superscripts are significantly different (P<0.05). SEM: The standard error of the mean. A/G; 

Albumin/ Globulin ratio, BUN: Blood Urea Nitrogen, AST: Apartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline 

Phosphatase, T1: 100% Alternanteria sessil, T2 : 75% Alternanteria sessil and 25% Tridax procumbens, T3: 50% Alternanteria sessil and 50% 

Tridax procumbens, T4: 25% Alternanteria sessil and 75% Tridax procumbens and T5: 100% Tridax procumbens 

 
CONCLUSION 

 
The findings of this study indicate that a dietary combination of 25% Alternanthera sessilis and 75% Tridax procumbens 

yields the most favorable outcomes in terms of feed efficiency, hematological indices and serum biochemical 

parameters. This dietary blend supported optimal physiological performance without adverse effects, suggesting its 

suitability for inclusion in growing rabbit diets to enhance health, immunity and productivity.  
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ABSTRACT: The effects of supplemented Cordyceps militaris extract in diets has been studied on the survival 

and immune response of striped catfish (Pangasius hypophthalmus) fingerlings with bacterial challenge 

conditions. The experiment was conducted for 60 days with six treatments and three replicates, including 

negative and positive controls with four dietary supplementation levels of C. militaris extract (0.18%, 0.24%, 

0.36%, and 0.47%). After the feeding trial, striped catfish were challenged with Edwardsiella ictaluri at a dose 

of 10⁵ CFU/mL. Results showed that survival rates of striped catfish increased significantly with higher 

extract levels, reaching the highest value (70%) at 0.47% supplementation compared with only 16.67% in the 

positive control group. Hematological indices such as red blood cell (RBC) and white blood cell (WBC) 

including lymphocytes, monocytes, and neutrophils increased proportionally with extract concentration, which 

can indicate enhanced immune responses. In conclusion, the findings suggest that dietary supplementation 

of C. militaris extract at 0.47% improves the disease resistance and health status of striped catfish 

fingerlings against E. ictaluri infection. This result highlights the potential application of C. militaris extract as 

a natural immunostimulants to enhance survival and reduce antibiotic use in catfish aquaculture. 

Keywords: Cordyceps militaris, Edwardsiella ictaluri, Immune response, Pangasius hypophthalmus, Survival 

rate. 
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INTRODUCTION   
 

Cordyceps species are parasitic fungi that grow on insect larvae, pupae, or adult forms. The most well-known species, 

Cordyceps sinensis, was first identified in the high-altitude regions of the Tibetan Plateau, parasitizing larvae of moths 

(Thitarodes spp.) (Lo et al., 2013; Sheng and Gerasimova, 2024; Kumar and Sharma, 2025). Another related species, 

Cordyceps militaris, also parasitizes insects of the same genus and has attracted great attention for its rich bioactive 

compounds, particularly cordycepin and adenosine (Lo et al., 2013; Park, 2025; Jędrejko et al., 2021). 

There is substantial evidence showing that Cordyceps fungi possess medicinal properties and contain a variety of 

bioactive compounds with therapeutic potential (Das et al., 2021). These compounds have been used in traditional 

medicine for treating malaria, palpitations, cancer, fever, diabetes, chronic kidney disease, and other disorders (Sharma 

et al., 2023). Beyond human medicine, the application of Cordyceps militaris as a dietary supplement has been extended 

to terrestrial animals such as pigs (Li et al., 2024; Cheng et al., 2016; Boontiam et al., 2020) and chickens (Wang et al., 

2025; Barido et al., 2024; Lan et al., 2021), where it has shown positive effects on immune response and health status. 

In aquaculture, Cordyceps supplementation has been investigated for several aquatic species (Tian et al., 2025; Sun 

et al., 2021; Lan et al., 2025; Da-oh et al., 2024; Choosong et al., 2025; Van Doan et al., 2018). Van Doan et al. (2017a); 

Van Doan et al. (2017b) demonstrated that adding powdered C. militaris at 10 g/kg feed improved the growth and health 

of Nile tilapia (Oreochromis niloticus). Similarly, Vietnamese aquaculture practitioners have reported beneficial effects of 

Cordyceps supplementation on shrimp hatchery performance, including improved post-larvae immunity, reduced stress in 

broodstock, and enhanced larval survival (Deng et al., 2015). 

The striped catfish (Pangasius hypophthalmus) is one of Vietnam’s most economically important aquaculture species, 

particularly in the Mekong Delta. However, its production faces major challenges from bacterial diseases such as bacillary 

necrosis of the kidney and liver (BNKL), caused by Edwardsiella ictaluri. This disease can lead to substantial mortality in 

nursery and grow-out stages, threatening farm productivity (Hoa et al., 2021; Tran et al., 2025). Therefore, the search for 

safe and natural immunostimulants to enhance disease resistance is critical for sustainable production. 
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Given the proven bioactivity of Cordyceps militaris in promoting immunity and growth in terrestrial animals, this study 

aimed to evaluate the effects of dietary supplementation with C. militaris extract on the survival and immune responses 

of striped catfish fingerlings challenged with Edwardsiella ictaluri. The findings are expected to provide scientific evidence 

for the application of Cordyceps extracts as natural immunostimulants in catfish aquaculture. 

 

MATERIALS AND METHODS 

 

Experimental design 

The experiment was conducted following a completely randomized design with six treatments and three replicates 

per treatment. Two control groups were used: 

 Negative control: fish fed a commercial diet without extract and not challenged. 

 Positive control: fish fed a commercial diet without extract and challenged with E. ictaluri. 

Four other treatments included diets supplemented with C. militaris extract at 0.18%, 0.24%, 0.36%, and 0.47%, 

corresponding to 1.8 g, 2.4 g, 3.6 g, and 4.7 g extract per kg feed. Fish were reared in 500-L composite tanks at a density 

of 200 fish per tank for 60 days. 

 

Feed preparation and feeding management 

The C. militaris extract was dissolved in 100 mL distilled water and sprayed onto the feed to achieve the desired 

inclusion level for each treatment. The feed was then mixed thoroughly, air-dried at 60°C for 6 hours (mixed every 2 

hours), and stored at –20°C until use. Fish were fed ad-libitum twice daily (07:30 and 17:00). 

 

Bacterial challenge 

After 60 days of feeding, fish were challenged with Edwardsiella ictaluri (isolated in An Giang University) by 

immersion in a 500 mL bacterial suspension at a dose of LD50 10⁵ CFU/mL (Hang et al., 2013; Hang and Phuong, 2020)  

for 30 minutes (except the negative control). After challenge exposure, fish were returned to their respective tanks for 14 

days of observation. Mortality was recorded daily, and moribund fish were collected for bacterial re-isolation to confirm 

infection.  

 

Hematological analysis 

Ten fish per tank were randomly sampled before infection (0 h), 48 h post-infection, and 14 days post-infection for 

hematological analysis. Red blood cells (RBC), white blood cells (WBC), lymphocytes, monocytes, and neutrophils were 

counted using standard hemocytometer techniques following methods by Hrubec et al. (2000); Dung (2010) and Hang et 

al. (2025a). 

 

Statistical analysis 

Data were analyzed using the General Linear Model (GLM) in Minitab 16.0 (Minitab, 2010). One-way ANOVA was 

applied to compare mean differences among treatments, followed by Duncan’s multiple range test at a significance level 

of P < 0.05. Results were expressed as mean ± standard error (SE). 

 

RESULTS AND DISCUSSION 

 

Survival rate 

The survival rate of fingerlings significantly increased with higher levels of C. militaris extract (P < 0.05) (Table 1). The 

survival rate of Pangasius fingerlings was increased correspondingly with the increase in the rate of supplementing 

cordyceps extract. The highest survival (70%) was observed at 0.47% extract treatment, compared to 16.67% in the 

positive control treatment. Meanwhile, in the negative control treatment, the survival rate reached 100%, because the 

infection method and the setup conditions did not affect the experimental results. This proves that the diseased and dead 

fish in the remaining experiments were caused by E. ictaluri bacteria. Therefore, it can be concluded that 0.47% 

Cordyceps extract can be used to supplement the diet of Pangasius fry to help increase the survival rate when there is 

pathogenic E. ictaluri bacteria. The improvement in survival indicates that C. militaris extract enhances the host’s 

resistance against E. ictaluri. Similar immunoprotective effects have been observed with inulin (Hang and Phuong, 2020) 

and Lactobacillus plantarum supplementation (Hang et al., 2022).  

Research on Cordyceps extract on aquatic animals is still very new and can be said to be the first research at An 

Giang University and the Mekong Delta region. The results have shown that Cordyceps extract has great potential in the 

application to prevent diseases in Pangasius fry today. Compared with other studies on the effects of herbal extracts, 

probiotics, prebiotics or other immune stimulants, Cordyceps extract also has similar potential.  

Many studies have demonstrated the effectiveness of supplementing beneficial biological substances and 

microorganisms to the diet to enhance resistance and reduce mortality in fish species when infected with bacteria. 
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Specifically, Adeshina et al. (2024) reported that supplementing alpha-lipoic acid at a dose of 1.5 to 2 g/kg of feed to the 

diet of catfish infected with Edwardsiella tarda significantly reduced mortality, to only 3.3% compared to 86.7% in the 

control group. In addition, the use of Lactobacillus plantarum at a density of 10¹² CFU/kg of feed also showed positive 

effects, helping fish recover health after infection and achieving a survival rate of 56.7%.  

Meanwhile, tests on Pangasius showed that inulin is a potential additive in improving growth and immunity. 

According to Hang and Phuong (2020) supplementing 1% inulin every two weeks helps fish grow well, while improving 

resistance to Edwardsiella ictaluri bacteria. Another study by Kattakdad et al. (2025) reported that supplementing 0.8% 

inulin in an effective functional feed additive for enhancing growth, immune defense, and tissue integrity in striped catfish 

culture. In addition, the survival rate of Pangasius fingerlings in this study was lower than the results of the trial of 

supplementing EPS to the diet of whiteleg shrimp (97.3%) and swamp eel fingerlings (96.67%) (Thanh et al., 2025; Hang 

et al., 2025a). Similarly, the study added 0.2% MOS and 0.6% MOS to the diet of carp (98.08%, 83.3%) (Staykov et al., 

2005; Culjak et al., 2006).  

Compared with the above results, the survival rate of Pangasius fingerlings in the present study reached 70%. This 

shows the obvious effectiveness of increasing the survival rate of the method of supplementing Cordyceps sinensis 

extract into the diet of Pangasius fingerlings. At the same time, it opens up new potential for practical application in 

Pangasius fingerlings.  

 

Table 1 - The survival rate of catfish.  

Treatments Survival rate (%) 

Negative control  100.00a 

Positive control  16.67d 

0.18% 56.67c 

0.24% 60.00c 

0.36% 60.00c 

0.47% 70.00b 

SEM 1.92 

p-Value 0.000 

a,b,c,dDifferent letters following the mean values in the same column are statistically different (p<0.05) 

 

Red blood cells (RBC) 

RBC counts showed no significant differences among treatments before infection with Edwardsiella ictaluri (P > 

0.05). However, 48 hours and 14 days post-challenge, RBC counts were significantly higher in all extract-supplemented 

groups compared to the positive control, suggesting that C. militaris mitigated infection-induced anemia. The RBC 

concentration in fish fed 0.47% extract (2.35–2.38 × 10⁶ cells/mm³) was consistent with healthy catfish values reported 

by Dung (2010). The elevation in RBCs indicates better oxygen transport and physiological status, consistent with reports 

by Wilhelm Filho et al. (1992) and Hang and Hoa (2020).  

 

Table 2 - Red blood cells of Pangasius before and after infection with Edwardsiella ictaluri bacteria (106 cell /mm3) 

Treatments RBC0H RBC48H RBC14D 

Negative control  2.00 1.96b 1.95a 

Positive control  2.27 1.16b 1.32b 

0.18% 2.29 2.24a 2.28a 

0.24% 2.29 2.19a 2.24a 

0.36% 2.30 2.15a 2.27a 

0.47% 2.31 2.35a 2.38a 

SEM 0.08 0.08 0.12 

P-value 0.135 0.000 0.001 

RBC0H: red blood cell before infection; RBC48H: red blood cell after infection 48 hours; RBC14D: red blood cell after infection 14 days; 
a,b,c,dDifferent letters following the mean values in the same column are statistically different (p<0.05). 

 

Red blood cell (RBC) counts showed no significant differences among treatments before infection with Edwardsiella 

ictaluri (P > 0.05). This also shows that the red blood cell density before infection did not affect the experimental results. 

However, 48 hours and 14 days post-challenge with bacteria causing pyogenic liver and kidney disease, the red blood cell 

density results fluctuated and were different between the treatments, especially the positive control treatment (P < 0.05). 
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After 48 hours and 14 days of infection, the positive control treatment had the lowest red blood cell density, respectively 

1.16 x 106 cells /mm3 and 1.32 x 106 cells /mm3, which was different from the remaining treatments. In particular, the 

experiments supplemented with Cordyceps sinensis extract showed that the red blood cell density did not differ between 

the treatments, but at the highest supplement concentration of 0.47%, the red blood cell density reached the highest level 

of 2.35 x 106 cells/mm3 and 2.38 x 106 cells/mm3. RBC counts were significantly higher in all extract-supplemented 

groups compared to the positive control, the red blood cell density increased correspondingly with the concentration of 

Cordyceps sinensis extract, suggesting that C. militaris mitigated infection-induced anemia. The RBC concentration in fish 

fed 0.47% extract (2.35–2.38 × 10⁶ cells/mm³) was consistent with healthy catfish values reported by Dung (2010). 

Red blood cells play a very important role in the metabolism of fish, transporting oxygen and nutrients to nourish cells 

in the body and eliminating CO2 from the fish body (Tu, 2000). The elevation in RBCs indicates better oxygen transport 

and physiological status, consistent with reports by Wilhelm Filho et al. (1992) and Hang and Hoa (2020). According to 

Wilhelm Filho et al. (1992), the red blood cell density of bony fish is determined to be 2.289 x 106 cells/mm3. Meanwhile, 

according to the research results of Hii et al. (2007) on freshwater eels (Monopterus albus), the red blood cell density is 

only about 1.05 - 1.10 x 106 cells/mm3. For healthy catfish, the red blood cell density is determined to be 1.79-2.75 x 106 

cells/mm3 (Galagarza et al., 2017). At the same time, the number of red blood cells in the blood of freshwater fish varies 

greatly, depending on the stage of development, physiological status and activity of the fish, ranging from 1 - 3.5 million 

cells/mm3 (Tu, 2000). 

Compared with other studies on supplementing products that help stimulate fish immunity, the results of red blood 

cell density in this study were also higher and still within the appropriate range. When Pangasius  had white liver and 

white gill disease, the red blood cell density decreased to only 0.1 x 106 cells/mm3 (Hrubec et al., 2000). Compared with 

the study of adding 1% inulin to Pangasius  feed, the red blood cell density only reached 1.99 x 106 cells/mm3 (Hang and 

Phuong, 2020). Supplementation vitamin C in feed on the hematology parameters of Mekong Giant Catfish 

(Pangasianodon gigas) got 2.34 - 2.64 x 106 cells/mm3 (Pimpimol et al., 2012). Or the study of adding 3% pomegranate 

extract to Pangasius  feed, the red blood cell density reached 2.99 x 106 cells/mm3 (Hang and Hoa, 2020), which is 

equivalent to the results of adding cordyceps extract in this result. However, the red blood cell density when 

supplementing Cordyceps sinensis extract was lower than the study of supplementing probiotic Lactobacillus acidophilus 

on catfish fry at 3.10 x 106 cells/mm3. At the same time, it was lower than the research results of Hang et al. (2025b) 

when adding 8 g/kg EPS to the feed of swamp eel fingerling at 3.03 x 106 cells/mm3. Besides, the red blood cell results in 

this study were also much lower than the study of Hu et al. (2020) when adding vitamin C to the diet of eel, the red blood 

cell density reached 7.6 x 1012 cells/mm3. 

 

White blood cells (WBC) and immune indices 

White blood cells (WBC) 

WBC counts increased significantly with extract supplementation after infection (P < 0.05). Fish fed 0.47% extract 

recorded WBC counts of 201.43 × 10³ cells/mm³ at 48 hours and 644.35 × 10³ cells/mm³ at 14 days, the highest 

among all treatments (Table 3).  

 

Table 3 - White blood cells of Pangasius before and after infection with Edwardsiella ictaluri bacteria (103 cell /mm3). 

Treatments WBC0H WBC48H WBC14D 

Negative control  68.32c 67.96c 78.32c 

Positive control  86.29bc 65.33c 100.48c 

0.18% 91.99ab 141.83b 303.57b 

0.24% 90.92ab 136.67b 369.19b 

0.36% 94.15ab 152.34b 525.46a 

0.47% 106.89a 201.43a 644.35a 

SEM 3.89 5.72 27.26 

P-value 0.0001 0.0001 0.0001 

WBC0H: white blood cell before infection; WBC48H: white blood cell after infection 48 hours; WBC14D: white blood cell after infection 14 

days; a,b,c,dDifferent letters following the mean values in the same column are statistically different (p<0.05). 

 

Similar to the results of red blood cell density, white blood cell density also fluctuated when infected with bacteria 

causing pyogenic liver and kidney disease after 48 hours and 14 days. The results showed that the positive control 

experiment had the lowest white blood cell density and was different from the remaining experiments (P<0.05). 

Meanwhile, the experiments supplemented with Cordyceps extract tended to increase gradually according to the 

concentration of the extract, so at a concentration of 0.48%, it reached the highest level after 48 hours and 14 days of 

bacterial infection, respectively (201.43 x 10³ cells/mm³ and 644.35 x 10³ cells/mm³). This result shows that adding 

Cordyceps extract to the diet of Pangasius fish at a concentration of 0.48% after only 48 hours of exposure to the 
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pathogen has been effective in preventing the disease. The function of white blood cells in fish blood is to destroy 

pathogens that attack the fish body and the number of white blood cells in fish blood is 10-100 times smaller than the 

number of red blood cells (Tu, 2000). According to Dung (2010), the density of white blood cells in the blood of healthy 

catfish is determined to be 1.0 x 106 cells/mm³. But when catfish have white liver and white gill disease, the white blood 

cell density is only 0.01 x 10³ cells/mm³ (Hrubec et al., 2000). Compared with the results of the study on supplementing 

probiotic Lactobacillus acidophilus into the catfish diet, the white blood cell density is only 25 x 10³ cells/mm³ (Al‐Dohail 

et al., 2009), much lower than the addition of 0.48% Cordyceps extract in this study. But it is much lower than the result 

of adding 68.60 mg/kg of vitamin to the feed of freshwater eels, reaching 16.68 x 1010 cells/mm3 (Hu et al., 2020). In 

addition, the result of leukocyte density when adding 0.48% of cordyceps extract is also much lower than the result of the 

study adding 8 g/kg EPS to the diet of freshwater eels, reaching 1.4 x106 cells/mm3 (Hang et al., 2025b). At the same 

time, it is also lower than the study of adding 1% inulin, reaching 232.45 x103 cells/mm3 (Zhou et al., 2020). At the same 

time, the results of determining the white blood cell density of this study were also higher than the results of the study 

adding 3% pomegranate extract to Pangasius  feed (Hang and Hoa, 2020) or the study adding 1.2% inulin in diets of 

striped catfish (Kattakdad et al., 2025). The results recorded in this study show that 0.48% of cordyceps extract can be 

used to supplement the diet of Pangasius to bring high disease prevention efficiency. 

 

Immune indices  

Lymphocytes, monocytes, and neutrophils followed similar trends of WBC, indicating enhanced cellular immunity 

(Table 4). The increase in lymphocytes implies a stronger adaptive immune response (Houston, 1997; Groff and Zinkl, 

1999); , while elevated monocyte and neutrophil counts reflect activation of innate defenses (Yano, 1992; Magnadóttir, 

2006). Comparable immune enhancements were reported in fish fed β-glucan (Hoang et al., 2024) and Eclipta alba 

extract (Harikrishnan et al., 2009).  

 

Table 4 - Immune indices (lymphocytes, monocytes, and neutrophils) of Pangasius before and after infection with 

Edwardsiella ictaluri bacteria (103 cell /mm3) 

                             Treatments  

Immune indices 

Negative 

control 

Positive 

control 
0.18% 0.24% 0.36% 0.47% SEM P-value 

Lymphocytes 
 

 

Lym0H 6.62d 4.75d 11.00cd 23.9bc 33.14b 53.50a 2.90 0.0001 

Lym48H 8.89d 8.61d 32.50c 36.29c 53.53b 81.95a 3.17 0.0001 

Lym14D 16.64d 16.03d 84.07cd 117.40c 223.60b 315.50a 18.61 0.0001 

Monocytes   

Mono0H 6.45bc 5.90c 10.52bc 10.21bc 12.78b 21.80a 1.37 0.0001 

Mono48H 8.74c 7.33c 16.96b 17.79b 21.11b 33.44a 1.40 0.0001 

Mono14D 18.96d 18.70d 98.08cd 136.97c 260.87b 368.08a 21.71 0.0001 

Neutrophils   

Neu0H 10.92c 14.21c 20.22c 20.23c 48.89b 68.79a 3.97 0.0001 

Neu48H 12.93d 9.65d 36.40c 40.64c 59.96b 91.79a 3.53 0.0001 

Neu14D 23.46d 21.38d 112.10cd 156.50c 298.10b 420.70a 24.81 0.0001 

Lym0H: Lymphocytes before infection; Lym48H: Lymphocytes after infection 48 hours; Lym14D: Lymphocytes after infection 14 days; 

Mono0H: Monocytes before infection; Mono48H: Monocytes after infection 48 hours; Mono14D: Monocytes after infection 14 days; Neu0H: 

Neutrophils before infection; Neu48H: Neutrophils after infection 48 hours; Neu14D: Neutrophils after infection 14 days; a,b,c,d Different letters 

following the mean values in the same row are statistically different (p<0.05). 

 

Lymphocytes play an essential role in the immune defense mechanism of fish, especially in recognizing and 

destroying pathogens such as bacteria and parasites. They are one of the key cell types involved in specific immunity, 

contributing to stimulating macrophages to produce antibodies and enhancing the overall immune response (Houston, 

1997). In some fish species, lymphocytes account for a high proportion of the total leukocytes, up to 85%, indicating their 

prominent role in the immune system of fish (Groff and Zinkl, 1999). The increase in the number of lymphocytes may be 

related to the ability to adapt and better respond to adverse environmental conditions. In addition, the increase in the 

number of lymphocytes after infection is a normal physiological phenomenon in fish species, demonstrating the core role 

of this cell in the specific immune mechanism (Magnadóttir, 2006). 

The results from Table 4 show that the number of lymphocytes fluctuated in a significant increasing trend 

corresponding to the concentration of Cordyceps extract supplementation and gradually increased over time. In the 

positive control group, the number of lymphocytes remained low at 48 hours and 14 days after infection. In contrast, the 

treatment supplemented with 0.47% Cordyceps extract gave outstandingly high results, especially at the time after 12 
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days of infection, reaching the highest level of 315.5 × 10³ cells/mm³, proving that this concentration strongly stimulates 

the immune system and has a high disease prevention effect. 

For healthy Pangasius , the number of lymphocytes is 81 x 103 cells/mm3, but in diseased Pangasius  with white liver 

and white gills, the number was only 0.25 x 103 cells/mm3 (Dung, 2010). This result shows that the number of 

lymphocytes in healthy Pangasius fish will be equivalent to the number of lymphocytes in Pangasius fish supplemented 

with 0.47% cordyceps extract after only 48 hours of infection with bacteria causing pyogenic liver and kidney disease. 

However, the lymphocyte results in this study were much lower than the study of supplementing 8 g/kg EPS to the diet of 

young eels, reaching 2.5 x 106 cells/mm3. In addition, Oligochitosan (COS) and oligo-β-glucan (βOG) show strong potential 

as immunostimulants and growth-enhancing additives for Pangasianodon hypophthalamus, as they are capable of 

stimulating innate immune parameters, improving disease resistance, and promoting growth performance in aquaculture 

systems (Nguyen et al., 2017). At the same time, the results of this study are also consistent with the results of 

(Rattanachaikunsopon and Phumkhachorn, 2009), when using Andrographis paniculata extract on tilapia (Oreochromis 

niloticus), also showed a significant increase in the number of lymphocytes in the blood of the fish. Similarly, the study by 

(Harikrishnan et al., 2009) on Sparus aurata fish when using Eclipta alba plant extract showed a sharp increase in the 

number of lymphocytes and enhanced antibody production, helping the fish to improve their ability to prevent diseases 

caused by Vibrio harveyi. 

Thus, the results of lymphocytes in this study have opened up the potential for applying Cordyceps extract to 

stimulate immunity in Pangasius fish with the most effective addition concentration of 0.47%. The results in Table 4 

showed that the number of monocytes increased significantly according to the concentration of supplementation after 48 

hours and 12 days of infection. In which, the positive control group had the lowest number of monocytes and was 

different from the remaining treatments, while the 0.47% supplemented treatment reached the highest number at 48 

hours and 12 days, respectively, at 33.44 x 103 cells/mm3 and increased sharply at 14 days after infection to 368.08 x 

10³ cells/mm³. This clearly reflects the stimulation of the fish's immune system. Because monocytes are white blood 

cells that play an important role in the fish's immune system when pathogens invade (Tu, 2000). When compared with 

other research results on aquatic species, the quantity and function of monocytes also tend to increase when there is a 

pathogen attack or when there is an addition of immunostimulants in the fish diet (Aly et al., 2008; Hang et al., 2025b; 

Misra et al., 2006). For example, according to the results of Aly et al. (2008), tilapia (Oreochromis niloticus) when 

supplemented with the immunostimulant β-glucan was recorded to not only increase the number of monocytes, but also 

increase the ability of macrophages. Similarly, Misra et al. (2006) reported that common carp (Labeo rohita) after 

infection with Aeromonas hydrophila had a significant increase in monocytes, reflecting the core role of this cell line in the 

cellular immune response. In addition, the results of (Harikrishnan et al., 2011) also showed that the use of plant extracts 

such as Withania somnifera in sea bream (Sparus aurata) increased the density of monocytes, thereby enhancing the 

ability to fight against pathogenic bacteria. This result was also consistent with the increasing trend of monocytes, 

especially in the treatments with high concentrations of 0.36% and 0.47%. 

The results of neutrophil counts also showed a similar trend as monocytes, lowest in the positive control and highest 

in the 0.47% treatment (Table 4). This suggests that, when supplemented at a concentration of 0.47%, fish may have 

strongly mobilized the number of neutrophils. This is the first important cell type in detecting and destroying pathogens 

(Tu, 2000). This result is consistent with previous studies such as those of Reyes-Becerril et al. (2011), which recorded a 

significant increase in the number of neutrophils in sea bream (Sparus aurata) when injected with Aeromonas hydrophila, 

a component of Gram-negative bacteria. Similarly, Magnadóttir (2006) described the key role of neutrophils and 

macrophages in the acute inflammatory response in fish, especially the ability to phagocytose and secrete enzymes to 

destroy bacteria. Studies on grass carp (Ctenopharyngodon idella) supplemented with β-glucan also showed an increase in 

the number and activity of neutrophils, contributing to enhanced non-specific defense (Yano, 1992). 

These findings suggest that C. militaris extract stimulates both specific and non-specific immune mechanisms, 

leading to improved disease resistance against E. ictaluri. The dose-dependent pattern also supports the hypothesis that 

bioactive compounds such as cordycepin and adenosine contribute to hematological and immunostimulatory effects. 

 

CONCLUSION 

 

The results of the study showed that the addition of Cordyceps militaris extract to the diet of Pangasius fingerlings 

significantly improved the survival rate and enhanced the immune response when the fish were infected with 

Edwardsiella ictaluri bacteria causing pyogenic liver and kidney disease. At the addition concentration of 0.47%, the fish 

achieved the highest survival rate (70%) and had significantly increased red blood cell, white blood cell, lymphocyte, 

monocyte and neutrophil indices compared to the positive control. This proves that Cordyceps militaris extract has the 

ability to stimulate the immune system and enhance the natural resistance of Pangasius fish. Therefore, it is 

recommended to use Cordyceps militaris extract at a rate of about 0.47% in the diet of Pangasius fingerlings to increase 

disease prevention and reduce dependence on antibiotics in aquaculture. 
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Supporting Information 

ABSTRACT: Serum minerals such as calcium, phosphorous, and magnesium are essential for the skeletal 

system during bone formation and remodeling as well as fracture repair. Present study was intended to 

assess the serum biochemical parameters of three of the most important macro minerals (calcium, 

phosphorus, and magnesium), which are key minerals for bone healing or development in healthy and clinical 

sick goats. Serum samples were collected from a total of 200 goats (healthy=102, clinically sick=98) from a 

veterinary hospital and three farms of Chattogram, Bangladesh. The overall mean serum calcium level of 

healthy goats was 8.47±0.11 mg/dl and in sick goats it was 7.63±0.12 mg/dl, and the value was much lower 

than the reference value in sick goats. The serum phosphorus and magnesium levels did not vary between 

the two groups and were within (phosphorus) or close to (magnesium) the range of reference values. In 

healthy goats, their serum calcium level varied significantly considering age, body weight, sex, feeding type, 

and owner's income. However, the serum phosphorus and magnesium levels did not vary significantly across 

the different parameters tested, except for sex and owner's income in the case of phosphorus. Three sick 

goats had hypocalcemia, which means that their calcium and magnesium levels were lower than the 

standard values of 5.9±0.5 and 1.9±0.2 mg/dl, respectively. However, their phosphorus levels were normal 

across all groups of sick goats. In conclusion, the value of an important mineral for bone healing is lower in 

both sick and healthy goats, which is a frightening sign for bone problems. Most goats have low levels of 

calcium and magnesium but average levels of phosphorous. Based on these findings, sufficient calcium and 

magnesium can be added to feed and given orally to further prevent bone fracture. 

Keywords: Calcium, Clinically sick animals, Feeding type, Indigestion problems, Magnesium, South Asian 

region. 

R
E

S
E

A
R

C
H

 A
R

T
IC

L
E

 
P

II: S
2

2
2

8
7

7
0

1
2

6
0

0
0

0
2

-1
6

 

R
e

c
e

iv
e

d
: A

u
g

u
s
t 2

8
, 2

0
2

5
 

R
e

vis
e

d
: Ja

n
u

a
ry

 1
4

, 2
0

2
6

 

A
c
c
e

p
te

d
: Ja

n
u

a
ry 1

5
, 2

0
2

6
 

 

INTRODUCTION 
 

Calcium, phosphorus, and magnesium are essential minerals in animal feed, playing crucial roles in bone healing, glucose 

absorption, urine formation, protein metabolism, and pH regulation (Moniem et al., 2014; Yadav et al., 2024). In 

Bangladesh, research on the serum minerals and trace elements in goats is considerably less than that on sheep and 

cattle (Rahman et al., 2018; Hossion et al., 2020; Samaddar, 2022). Rahman and Haque (2001) found hypocalcemia in 

15% of cattle, 9% of goats, 7% of sheep, and 12% of cows in Bangladesh. In India, researchers found hypocalcemia in 

10% of cattle, 9% of goats, 8% of sheep, and 14% of buffalo (Roche and Berry, 2006). Researchers have identified 

species, age, sex, breed, and stage of the production period as potential risk factors for hypocalcemia in goats (Quader et 

al., 2017). Researchers observe the biochemical parameters to identify metabolic, parasitic, and viral infections in 

ruminants (Begum et al., 2021; Saleh et al., 2022). 

These parameters help to evaluate management methods, nutrition, and health conditions in a more realistic way 

(Tekeli et al., 2024). Metabolic problems, such as pregnant toxemia, are associated with decreased calcium levels even in 

both clinical and subclinical conditions (Albay et al., 2014). The required quantities of calcium and phosphorus remain 

within the reference values for infectious diseases such as Peste des Petits Ruminants (PPR) (Begum et al., 2018). The 

total concentration of biochemistry and antioxidants in healthy animals can change based on their age, race, gender, the 

food they eat, their environment, stress, and other things. Therefore, creating reference intervals for each animal species, 

based on their specific age, is vital for obtaining more precise biochemical test findings (Gül and Biçer, 2021). 

There are numerous reports available to investigate serum biochemical parameters like calcium and phosphorous in 

healthy goats. The study makes use of the small population sizes in India, Pakistan, Nepal, and Bangladesh, which are 
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approximately (<100) individuals (Gharban and Al-Shaeli, 2021; Esraa et al., 2025; Tanvir-Ul-Alam et al., 2025). Research 

on serum biochemical factors, such as calcium, phosphorus, and magnesium, in sick goats is limited (Mbuh and Mbwaye, 

2005; Begum et al., 2018). Understanding the biochemical markers that distinguish healthy from sick goats is vital for 

assessing their nutritional status, management methods, and overall health.  

The central goal of this research is to furnish crucial information that can facilitate improved herd management 

practices and veterinary interventions, particularly concerning the healing of bone fractures in this vital livestock species. 

Furthermore, this study seeks to rectify the existing paucity of extensive data pertaining to goat biochemistry, specifically 

within the South Asian context. 

 

MATERIAL AND METHODS 

 

Study area and duration 

This study was conducted in Chattogram district between July 2022 and December 2022 in the Teaching Veterinary 

Hospital of Chattogram Veterinary and Animal Sciences University, Bangladesh, and on three goat farms. 

 

Animal sampling and data collection 

A 5 mL sample of blood was collected from 98 clinically sick and 102 healthy goats. The sick goats were admitted to 

the hospital for treatment with several indications and symptoms, such as elevated body temperatures, bone fractures, 

urolithiasis, a pregnancy assessment, and diarrhea. The selection of healthy goats was based on well-organized data 

records and an adequate number of goats from different breeds. A standardized questionnaire was employed to record 

information about the goats, including their demographic particulars (species, age, sex, and breed), dietary patterns 

(grass, concentrate, or both), and farmer's income (low, middle, and high). 

 

Sample processing and analysis 

Aseptically, a standard technique was followed to collect five milliliters of blood from each goat's jugular vein. The 

samples for biochemical analysis were immediately processed at the Department of Medicine and Surgery (Clinical 

laboratory), Chattogram Veterinary and Animal Sciences University. The analysis was conducted using a biochemical 

analyzer (EA-200, E-LAB, Germany) following the manufacturer's instructions. 

 

Statistical analysis 

The recorded data were entered into a data recording spreadsheet of Microsoft Excel 2010. Subsequently, the data 

were uploaded to the statistical program JMP Pro-13 for analysis (Ye et al., 2000). Descriptive statistics analysis was 

conducted to summarize the data presented as mean ± SE. One-way ANOVA was used to estimate the effect of different 

features of serum biochemical parameters. In the present study, a p-value < 0.05 was considered statistically significant. 

 

RESULTS 

 

The overall mean serum calcium level of healthy goats was 8.47±0.11 mg/dl and in clinically sick goats, it was 7.63±0.12 

mg/dl (P=0.001), and the value was much lower than the reference value in clinically sick goats. The two groups' serum 

concentrations of magnesium and phosphorus did not differ significantly from each other. The phosphorus levels were 

within the acceptable range, whereas the magnesium levels were near the reference values (Table 1). 

In healthy goats, the serum calcium level of healthy goats varied significantly considering age (P=0.02), body weight 

(P=0.02), sex (P=0.01), feeding type (P=0.03), and owner's income (<0.001). However, the serum phosphorus and 

magnesium levels did not vary significantly across the different parameters tested, except for sex (P=0.003) and owner's 

income (<0.001) in the case of phosphorus (Table 2). In clinically sick goats, the serum calcium level was significantly 

lower in goats diagnosed with hypocalcemia, while the serum phosphorous level was lower in goats diagnosed with 

musculoskeletal defects, wounds, parasitic infestation, PPR and indigestion (Table 3).  

 

Table 1 - Overall serum calcium, phosphorus, and magnesium levels in healthy and clinically sick goats. 

Parameter 
Healthy goats 

(N = 102) (LSM±SEM) 

Clinical sick goat 

(N = 98) (LSM±SEM) 
P-value 

References Normal values 

(Pugh and Baird, 2011) 

Calcium 8.47±0.11 7.63 ±0.12 0.001 8.9-11.7 mg/dl 

Phosphorous 4.61±0.16 4.70 ±0.16 0.68 4.2-9.1 mg/dl 

Magnesium 2.17±0.04 2.15 ±0.04 0.68 2.8-3.6 mg/dl 
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Table 2 - Serum calcium, phosphorus, and magnesium levels in healthy goats were determined using multiple 

parameters that were available in different farm goats. 

Parameter Categories 
Calcium 

(LSM ± SEM) 

Phosphorous 

(LSM ± SEM) 

Magnesium 

(LSM ±SEM) 

Age 

<6month (n=8) 8.64±0.40 4.56±0.35 2.16±0.12 

>6-1year (n=20) 8.34±0.24 4.93±0.21 2.28±0.08 

>1-2year (n=22) 7.86±0.23 4.14±0.20 2.02±0.07 

>2-3year (n=22) 8.56±0.24 4.75±0.21 2.19±0.08 

>3year (n=30) 8.89±0.20 4.65±0.17 2.20±0.06 

P- value 0.02 0.10 0.21 

Body weight 

<10kg (n=3) 8.71±0.65 4.65±0.58 2.25±0.21 

>10-20kg (n=22) 8.28±0.22 4.77±0.20 2.22±0.07 

>20-30kg (n=34) 8.18±0.19 4.38±0.17 2.17±0.06 

>30-40kg (n=31) 8.55±0.20 4.58±0.18 2.10±0.06 

>40kg (n=12) 9.45±0.32 5.00±0.29 2.23±0.10 

P- value 0.02 0.37 0.75 

Sex 

Female (n=61) 8.25±0.14 4.37±0.12 2.13±0.04 

Male (n=41) 8.80±0.17 4.96±0.15 2.23±0.05 

P- value 0.01 0.003 0.17 

Breeds 

Barbari (n=3) 9.26±1.14 5.25±1.01 2.34±0.37 

Beetal (n=10) 9.25±0.34 5.13±0.30 2.28±0.11 

Cross (n=8) 8.16±0.34 4.41±0.30 2.04±0.11 

Gujri (n=2) 10.32±1.14 4.31±1.01 2.12±0.37 

JP (n=42) 8.25±0.17 4.41±0.15 2.11±0.05 

Local (n=13) 8.37±0.33 4.88±0.29 2.34±0.21 

Sirohi (n=3) 9.60±0.66 5.29±0.58 2.27±0.21 

Totapuri (n=21) 8.48±0.25 4.59±0.21 2.20±0.08 

P- value 0.06 0.35 0.45 

Feed 

Grass 30%+ concentrate70% (n=12) 7.87±0.25 4.20±0.21 2.15±0.08 

Grass 70%+ concentrate30% (n=8) 8.56±1.15 4.34±0.99 2.12±0.37 

Grass 50%+ concentrate50% (n=82) 8.62±0.12 4.72±0.10 2.18±0.04 

P- value 0.03 0.10 0.92 

Income 

Low income (n=32) 7.09±0.27 3.50±0.24 2.04±0.10 

Middle income (n=50) 8.90±0.11 4.93±0.10 2.20±0.04 

High income (n=20) 7.87±0.21 4.20±0.19 2.15±0.08 

P- Value <0.001 0.00 0.34 

 

Table 3 - Serum biochemical parameters in relation to different clinical conditions in goats presented in a teaching 

veterinary hospital (CVASU, Bangladesh). 

Parameter 
Calcium 

(LSM±SEM) 

Magnesium 

(LSM±SEM) 

Phosphorous 

(LSM±SEM) 

Hypocalcemia (N=3) 5.90±0.50b 1.93±0.20a 8.66±0.87a 

Musculoskeletal (N=26) 7.87±0.24a 2.26±0.10a 4.70±0.42b 

Wound (N=22) 7.69±0.23a 2.08±0.09a 4.24±0.41b 

Parasites (N=18) 7.24±0.26ab 2.21±0.11a 4.28±0.46b 

Urolithiasis (N=5) 7.79±0.50ab 2.41±0.20a 5.30±0.87ab 

Anestrous (N=2) 7.06±0.79ab 1.82±0.33a 4.77±1.39ab 

Peste des Petits Ruminants (PPR) (N=11) 8.17±0.33a 1.92±0.14a 4.57±0.59b 

Indigestion (N=11) 7.97±0.33a 2.23±0.14a 4.37±0.59b 

P-value 0.012 0.307 0.003 
a, b – values in rows with different letters differ significantly (P < 0.05) 

 

DISCUSSION 

 

The present investigation found that clinically sick goats had considerably lower calcium levels than reference values, 

supporting Karapinar et al. (2024)'s claim that adult sick cattle had lower calcium levels. Sick goats had lower calcium 

and magnesium levels than standard values. Their phosphorus levels were acceptable. Zhao et al. (2015) indicated 

reduced calcium, magnesium, and phosphorous in sick dairy cows. The present investigation revealed that goats 

exhibiting clinical symptoms presented with calcium concentrations that were notably diminished relative to the 

established normal range. This observation corroborates the findings of Karapinar et al. (2024), who documented 

decreased calcium levels in affected adult cattle. In addition, the sick goats exhibited reduced calcium and magnesium 

level when in comparison to expected values, while their phosphorus levels remained within the normal range. Zhao et al. 

(2015) similarly documented diminished calcium, magnesium, and phosphorus levels in afflicted dairy cows. Conversely, 

in healthy goats, the mean blood calcium levels were found to be lower than the reference value. 
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Phosphorus concentrations were deemed satisfactory; however, magnesium levels were only slightly below the 

reference range. Omidi et al. (2018) observed analogous findings, documenting a decrease in calcium and magnesium 

levels in captive settings, while phosphorus levels remained within the normal range. This discrepancy may have been 

attributable to a feed supply with inadequate calcium-to-magnesium ratios. The current investigation indicated that goats 

exceeding three years of age (n = 32) exhibited calcium, phosphorus, and magnesium levels within the reference values. 

Conversely, Antunović et al. (2019) reported that serum calcium levels in goats under one year of age were within normal 

limits, despite phosphorus levels being normal across all age groups. While this finding contradicted our study's results, it 

was consistent with the observation that phosphorus levels were standard across all ages. 

Antunović et al. (2019) found that goats of all ages maintained normal calcium levels when given calcium-rich feed. 

In contrast, our study showed a decrease in calcium levels, suggesting that the calcium in the goat feed might not be 

enough. Also, our results showed that younger goats had higher phosphorus levels than older goats, which agrees with 

Poulsen's (1991) findings. Radostits et al. (2000) suggested that the decrease in blood phosphorus levels seen in adult 

goats is due to their reduced ability to absorb phosphorus from food. Moreover, it is important to note that growth 

hormone might increase phosphate levels in the blood of young animals by helping the kidneys reabsorb phosphate 

(Kaneko et al., 2008). This observation might explain why younger goats show higher phosphorus levels. In this study, 

adult and mature goats had magnesium levels below the expected range. However, Gwaze et al. (2012) suggest a 

possible link between magnesium and how the body uses this important mineral. Unlike the current study, differences in 

environmental conditions or the type of feed could explain this decrease. 

Goats weighing more than 40 kg (N = 12) showed greater calcium levels than those weighing less than 40 kg, 

according to the present study. The present study supported by Samardžija et al. (2011) mentioned that goats with higher 

body weights have higher calcium levels. Bayoumi et al. (2021) confirmed the present study's finding that females are 

more prone to hypocalcemia than males, reporting that lower calcium levels are more common in females than in males. 

They explained that this was because females need more calcium during the periparturient phase. The present 

investigation found that females have lower phosphorus levels than males of the same age. Kaneko et al. (2008) found 

that male goats contain more phosphorus. Female may eat more and lose more phosphorus during pregnancy. The 

present investigation found that crossbred animals had more hypocalcemia than native breeds which support the present 

study by Quader et al. (2017) who found that crossbred goats have lower calcium levels than native breeds due to the 

greater loss of calcium during the milking process. 

The goat raised semi intensively and fed with a died containing 30% grass and 70% concentrate exhibited lower 

calcium value, However, goats fed with 70% grass and 30% concentrate, and even those fed with 50% grass and 50% 

concentrate, had calcium values remarkably similar to the reference value. This finding corresponds to the findings of 

Adama and Moyosoluwa (2014), who reported that goats were in semi-intensive systems had lower serum calcium 

values. The current study revealed that goat owners with lower and higher incomes exhibited diminished levels of calcium, 

magnesium, and phosphorus in comparison to middle-income goat owners. Islam et al. (2018) support present study, 

demonstrating a statistically significant reduction in the correlation between income and the levels of calcium and 

phosphorus among lower-income goat owners. The lower-income segment can have financial problems supplying 

balanced goat feed. In the present study the standard serum concentrations of calcium and phosphorus were significantly 

lowered in goats presenting with different clinical diseases. The present observation is consistent with the work of 

Bandzaite et al. (2005), who documented similarly reduced calcium and phosphorus levels in diseased cows with a variety 

of diseases. Furthermore, the present study revealed that hypocalcaemia resulted in a return of magnesium levels to their 

baseline values. Present findings support the conclusions of Bayoumi et al. (2021), who suggested that nutritional 

deficiencies could precipitate increased excretion during vigorous contractions. The prsent study showed that during 

musculoskeletal problem, calcium level were lower then the nrmal value which support present study by Braun et al. 

(2009). The present study revealed that calcium leval was decreased during wound healing, which supported by 

Lansdown et al. (1999). Present study found that calcium and phosphorus levels decreased during infections like Peste 

des Petits Ruminants (PPR), a finding that differs from the results of Begum et al. (2021). As a result, a loss of appetite 

and diarrhoea might occur, which then leads the body to lose calcium.  

The present results showed that calcium levels were lower than the standard range for goats with metabolic disorder, 

including digestion disorder cases. The present finding backs up by Ahn et al.'s (2023) hypothesis that indigestion affects 

the stomach's acidity, which then prevents calcium from turning into salt. If calcium is not absorbed, it is eliminated 

through feces. As a result, the calcium concentration decreases below the normal level. 

 

CONCLUSION  
 

Clinically sick goats exhibited significant variations in the concentrations of key mineral markers which help in bone 

healing when compared to their healthy goats. These differences, which were evident across various conditions, were 

modulated by factors including age, body weight, sex, dietary intake, and income in the healthy goat population. 

Conversely, the clinically sick goats presented a more restricted spectrum of mineral parameters. 
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Supporting Information 

ABSTRACT: This study analyzed the demand for water and its effect on the productivity of broiler 

production in Imo State, Nigeria. Specifically, the objectives were to A) estimating the determinants of water 

demand in broiler farms, B) examining the level of water consumption relative to recommended standards, 

C) evaluating the productivity of broiler farmers, and D) identifying constraints to water access. Primary data 

were collected from 120 broiler farmers using a structured questionnaire and analyzed with descriptive 

statistics, the broiler water consumption ratio (BWCR), productivity index, and multiple regression models. 

Results showed that the exponential functional form was the best fit, with an R² of 0.684, indicating that 

68.4% of the variation in water demand was explained by farm and bird characteristics. Age of birds (P < 

0.05), stock size (P < 0.01), and bird weight (P < 0.10) significantly influenced water demand. Based on the 

BWCR, 43.3% of broilers consumed water below optimal levels, 25.0% consumed excessively, and only 

31.7% were within the recommended range. Farmers demonstrated high productivity with a ratio of 3.30, 

suggesting efficient input use; however, sustainability is threatened by persistent water constraints. The most 

pressing challenges were limited access to water distributors (18.5%), scarcity (15.0%), contamination 

(13.0%), high fuel costs (13.0%), and climate change (13.0%). The findings underscore the need for policy 

interventions to strengthen rural water infrastructure, promote solar-powered pumping systems, and improve 

extension services on water-use efficiency. Addressing these issues will enhance both the productivity and 

resilience of broiler production in water-scarce environments. 

Keywords: Broiler productivity, Poultry requirements, Water consumption ratio, Water demand, Nigeria 
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INTRODUCTION   
 

Water is the most critical nutrient for animal survival and productivity, yet it remains one of the least examined inputs in 

livestock systems. Broilers have particularly high water requirements relative to feed intake; a bird reaching 2.3 kg 

typically consumes about 8.2 kg of water compared to 4.6 kg of feed (Tabler, 2023). Because water underpins 

thermoregulation, digestion, metabolism, and waste elimination, any disruption in supply directly affects growth 

performance and carcass quality (Jacquie, 2020). However, climate variability, rising temperatures, and infrastructural 

limitations have intensified water scarcity globally, creating significant bottlenecks for poultry production (Leal Filho et al., 

2022; El-Sabry et al., 2023). 

In sub-Saharan Africa, water scarcity is both an environmental and livelihood concern, as many rural households 

depend on smallholder poultry systems for income and food security. High levels of water poverty, driven by inadequate 

infrastructure and reliance on seasonal rainfall, exacerbate vulnerability among rural livestock farmers (Umunakwe et al., 

2021). For broiler production, insufficient or contaminated water increases mortality rates, reduces feed conversion 

efficiency, and lowers profitability (Ogbonna et al., 2020). 

Nigeria hosts one of the largest poultry industries in Africa, contributing significantly to rural employment and 

national protein supply (Adeyonu et al., 2021). Nonetheless, farmers face persistent water-related challenges, including 

unstable electricity for pumping, high fuel costs, and rising expenses associated with water storage and distribution 

(Onuwa, 2022). These constraints are more severe in southeastern Nigeria, where climatic variability and uneven rainfall 

further widen the supply–demand gap (Emeka-Chris et al., 2022). In Imo State, most broiler farmers rely on commercial 
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water vendors or costly boreholes, increasing production costs and reducing margins. Disease outbreaks linked to 

contaminated water have also been reported, heightening production risks (Sanusi and Dries, 2025). Despite the 

centrality of water to poultry performance, empirical research in Nigeria has largely prioritized feed and disease 

management, with limited attention to water demand and its direct relationship with broiler productivity. 

Although previous studies have highlighted the physiological role of water in poultry production (Barbosa et al., 2014; 

Jacquie, 2020; Tabler, 2023) and the influence of environmental factors on livestock water use (Leal Filho et al., 2022), 

empirical evidence linking water demand to broiler productivity in Nigeria remains sparse. Existing research has focused 

on water contamination (Ogbonna et al., 2020) and the impact of production inputs on farm performance (Onuwa, 2022), 

but few studies have investigated how water availability shapes growth outcomes and economic returns. This is a critical 

omission, as water affects feed conversion ratios, market weights, survival rates, and overall profitability, while the rising 

cost of accessing water through pumping, storage, and borehole systems has not been fully incorporated into productivity 

assessments. 

This study addresses these gaps by examining the determinants of water demand and its effect on broiler 

productivity in Imo State, Nigeria. The specific objectives are to identify the determinants of water demand in broiler 

production, assess the level of water consumption relative to established standards, evaluate the productivity of broiler 

farmers, and identify the key constraints limiting access to adequate water supply. By integrating water demand analysis 

with productivity assessment, the study provides empirical evidence to support the formulation of sustainable water-use 

policies and strengthen the resilience of poultry production systems under conditions of increasing water scarcity. 

 

MATERIALS AND METHODS 

 

Study area 

The study was carried out in Imo State, Nigeria. Imo State is located in the Southeastern zone of Nigeria. It is divided 

into three agricultural zones, viz-a-viz Orlu, Okigwe and Owerri. These divisions are for administrative and extension 

services and not for any agro-ecological difference. It is delineated into 27 Local Government Areas. The state lies 

between latitudes 4o 45'N and 7o 15'N of the equator and longitudes 6o 50'E and 7o 25'E of the Greenwich Meridian. It 

occupies the area between the lower River Niger and the upper and middle Imo River. It is bounded on the East by Abia 

State, on the West by the River Niger and Delta State; and on the North by Anambra State, while Rivers State lies to the 

South. Imo State covers an area of about 5,135 km2, with an estimated population of 5,459,300 and a population density 

of about 1,063 km2 (National Population Commission, 2023). The State has an average annual temperature of 24.1°C 

which can rise up to 32.6°C during the dry season, an average annual relative humidity of 64.2% which can rise to up to 

77.9% during the rainy season, average annual rainfall of 1800mm to 2738mm and an altitude of about 100m above 

sea level (NBS, 2016). Agriculture is practiced by a good number of the population in the state. Crop farming is mainly 

regulated by the seasonal distribution of rainfall, although there are a few farmers involved in dry season farming of some 

food crops and vegetables. Also, livestock like cattle, sheep, goats, pigs, poultry, rabbits, and snails are reared through 

subsistence and commercial farming in the state (Imo Agricultural Development Programme (ADP), 2014).  

 

Sample technique  

A multistage sampling technique was used in the selection of respondents. Firstly, the 3 agricultural zones of the 

state were selected to enable the survey to cover the entire state. Orlu, Okigwe and Owerri zones are made up of 10, 6 

and 11 Local Government Areas respectively. In the second stage, a proportionate sampling technique was used to select 

4 LGAs from Orlu zone, 2 LGAs from Okigwe zone and 4 LGAs from Owerri zone bringing it to a total of 10 LGAs from the 3 

Agricultural zones. This was done due to the unequal numbers of LGAs in each agricultural zone. In the third stage, four 

Communities each were randomly selected from the 10 LGA giving a total number of 40 communities.   

In the fourth stage, 3 broiler farmers each were selected randomly from the list of registered poultry farmers in the 

communities selected making a total of 120 broiler farmers. These lists were obtained from Agricultural Development 

Programme and from the opinion leaders such as community leaders, and presidents’ generals of the communities.  A 

total sample size of 120 was used for this study.  The study population consisted of registered small- and medium-scale 

broiler farmers. Industrial poultry operations and backyard keepers were excluded. All respondents operated commercial 

broiler units using deep-litter housing systems and had completed at least one production cycle within the study period. 

The dominant strains raised were Arbor Acres, Ross 308, and Marshall standard commercial broiler breeds in 

southeastern Nigeria. These strains were documented during data collection to account for potential breed-based 

differences in water consumption. 

 

Methods of data collection 

Primary data were obtained through a structured questionnaire administered directly to farmers. The instrument 

collected information on water sources, water use, production practices, flock characteristics, and productivity indicators. 

Data were collected on the following traits: farmer characteristics such as age, education, farming experience, flock 
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characteristics such as breed, flock size, age of birds, water-use traits such as daily water intake, water source, water cost, 

supply frequency, and productivity indicators such as mortality, feed intake, live weight, feed conversion ratio, production 

cost, and revenue. Water quality parameters were not assessed in this study. 

The questionnaire was pre-tested with 15 farmers outside the study area to ensure clarity. A Cronbach’s alpha value 

of 0.81 indicated strong internal consistency. Among the four functional forms tested (linear, exponential, double-log, 

semi-log), the exponential function was selected as the lead equation because it provided the highest explanatory power 

(R² = 0.684) and statistically significant coefficients for key variables such as age of birds, stock size, and weight. This 

implies the model better captured the nonlinear relationship between water demand and the explanatory variables. 

This study relied on cross-sectional data collected within one production cycle. Seasonal variations in water 

availability and long-term productivity effects were not fully captured. In addition, self-reported measures of water 

consumption may be subject to recall bias. These limitations suggest caution in generalizing results beyond the study 

area. 

 

Method of data analysis and model specification  

Data collected were analyzed using descriptive statistics (mean, frequency count, and percentage), multiple 

regression technique, Likert scale, and demand function and productivity model. The water demand was determined and 

was estimated using the model as specified. The model was developed for this study considering the aim of the study. 

Dw = b0 +b1AGB + b3WB + b4SS + b5FI +b6Pw + e 

Which Dw = Quantity of water used by the broiler (Litre); AGB = Age of the broiler (weeks); WB = Weight of the broiler 

(kg); SS = Stock Size (Number of broilers kept); FI = Feed Intake (kg); Pw = Price of water (N); e = error term; b0 – b6 = 

Parameters to be estimated.  

 Then, the Broiler water consumption ratio (BWC) was used to categorize the water usage level into optimal 

consumption level, excessive consumption level, and low consumption level. The model is specified as follows; 

BWCR     

 

Decision rule 

If BWCR = 1.50 – 3.0, an Optimal Consumption level; If BWCR = 3.50 - Above, an Excessive consumption level; If 

BWCR = 0.5 – 1.50, a Low consumption level. 

The productivity of broiler farmers in the study area was achieved using a total productivity ratio. The model as used 

by Anyiam et al. (2019) was adapted and remodeled to suit the study. The model is specified as: 

P             

The output from the broiler farm consisted of the value of the broiler at maturity plus the value of the waste 

generated from the broiler farm. If P = 0.5, productive, If P > 0.5, highly productive, If P < 0.5, not productive.                                                                                         

 
RESULTS 

 

Demand for water and level of water usage 

The results for the demand for water for broiler production were achieved using the four functional forms of linear, 

exponential, double log and semi-log. The result is presented in Table 1. 

 

Table 1 - The demand for water for broiler production.  

Explanatory variable  Linear function +Exponential function Double-Log function Semi-Log function 

Constant  62.967 (1.102) 3.475 (4.854) 4.009 (2.045) 24.342 (0.813) 

Age of the bird -0.419 (-0.917) -0.002 (-2.412)** -0.196 (-0.518) -20.475 (-0.966) 

Weight of the bird -43.608 (-0.564) -0.864 (-1.891)* -0.252 (-0.736) -8.921 (-0.446) 

Stock size -0.059 (-1.576)* -0.002 (-5.125)*** -0.394 (-4.445)*** -2.844 (-1.279) 

Feed intake  1.378 (1.134) 0.010 (0.664) 0.168 (0.798) 10.358 (0.995) 

Price of water -0.045 (-0.075) -0.004 (-0.550) 0.243 (0.927) 2.561 (0.125) 

 Functional parameters   

R2 0.473 0.684 0.637 0.456 

Adj R2  0.411 0.636 0.585 0.408 

F-Statistics 2.169 5.884 4.593 1.877 

*Source: Field Survey Data Analysis, 2025.  + = Lead equation *** = significant at 1%, ** = significant at 5%, * = significant at 1% values in 

parenthesis are the t-values 
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The regression results for the demand for water in broiler production are presented in Table 1. The exponential 

functional form was selected as the lead equation because it yielded the highest explanatory power (R² = 0.684) and 

statistically significant coefficients for bird age, stock size, and weight. This indicates that 68.4% of the variation in water 

demand was explained by the model. The negative coefficient for bird age suggests that younger birds consume less 

water than older birds, while the negative relationship with stock size implies that larger flocks may experience rationing 

behavior, whereby water per bird is reduced as stock size increases (El-Sabry et al., 2023). The relationship between bird 

age and water demand is illustrated in Figure 3, which shows a declining trend as birds mature. 

These findings corroborate Tabler (2023), who observed that water intake in broilers changes over time and is 

sensitive to environmental and management conditions. Similarly, Parker and Brown (2003) reported that water demand 

in poultry is non-linear and influenced by both biological and management factors. 

 

Level of water consumption 

The level of water consumption for broiler production was estimated using the Broiler Water Consumption Ratio 

(BWCR). The results are presented in Table 2. 

The Broiler Water Consumption Ratio (BWCR) revealed that 31.7% of birds consumed water at optimal levels, 25.0% 

consumed excessively, while 43.3% had suboptimal consumption (Table 2; Figure 1). The high proportion of suboptimal 

consumption suggests that many farms do not provide adequate water for their broilers, which could reduce feed intake 

and growth performance. This is consistent with findings by Ebrahimi et al. (2024), who demonstrated that both 

inadequate and excessive water supply negatively affect feed conversion efficiency and carcass quality in broilers. 

Statistical analysis further supports these observations. The chi-square test (χ² = 6.20, p = 0.045) shows a significant 

difference in water consumption levels across farms. The Standard Error of the Mean (SEM = 6.43) shows the variability in 

consumption frequencies, showing inconsistencies in water provision across different operations. Pairwise comparisons 

reveal that low water consumption differs significantly from excessive consumption (p = 0.012) and marginally from 

optimal consumption (p = 0.038), while no significant difference was observed between optimal and excessive 

consumption (p = 0.471). These results indicate that inadequate water supply is a more critical issue than excessive 

provision in the study area. The variation across farms underscores knowledge and infrastructure gaps in water 

management. Farmers with better access to storage and distribution facilities were more likely to achieve optimal water 

consumption, emphasizing the need for targeted interventions to improve water provision and management practices in 

broiler production. 

 

Table 2 - Level of water consumption 

Water consumption level (Litre) Frequency Percent P-value 

Optimal consumption 38 31.70 0.038 

Excessive consumption 30 25.00 0.012 

Low consumption  52 43.30 0.471 

Total  120 100  

chi-square (χ²) 6.20   

SEM 6.43   

Source: Field Survey Data, 2025, 0.5L – 1.0L (Low consumption), 1.5L – 2.0L (Optimal consumption 2.5L – above (Excessive consumption). 
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Productivity of broiler farmers 

The productivity of the broiler farmers was determined by the productivity ratio. The result of the productivity of broiler 

farmers is shown in Table 3. The productivity analysis (Table 3) shows a ratio of 3.30, indicating that broiler farmers in the 

study area are highly productive. This suggests efficient conversion of inputs such as feed and water into outputs (mature 

birds and by-products). These findings align with Onuwa (2022), who emphasized that efficient input use strongly 

contributes to profitability in broiler production. However, sustaining this level of productivity may be challenged by 

persistent water-related constraints, as discussed below. 

 

Table 3 - Productivity of broiler farmers. 

Output (Naira) ($) Input (Naira) ($) Productivity Decision 

N1306878 $871 N396200 $271.34 3.299 Highly productive 

*Source: Field Survey Data, 2025 

 

Constraints faced by the farmers 

The results of the constraints faced by the farmers for water is presented in Table 4. The constraints reported by 

farmers are summarized in Table 4 and Figure 2. Limited access to water distributors (18.5%) emerged as the most 

critical issue, followed by scarcity (15.0%) and contamination, high fuel costs, and climate change (13.0% each). These 

findings highlight systemic challenges beyond individual farm practices. Similar issues were reported by Adeoti et al. 

(2023), who noted that rural farmers in Nigeria face high costs of water procurement and limited infrastructure. 

Furthermore, Ogbonna et al. (2020) highlighted that water contamination, particularly with heavy metals and pathogens, 

compromises poultry health and productivity. The reported influence of climate change also reflects the findings of Leal 

Filho et al. (2022), who showed that rainfall variability exacerbates livestock water insecurity in Africa. 

 

Table 4 - Distribution according to constraints faced by farmers in accessing water in Imo State.  

Constraint *** Frequency Percentage 

Scarcity  30 15 

Contamination 26 13 

Cost of borehole 15 7.5 

Unstable electricity supply 6 3 

High cost of fuel 26 13 

Limited access to water distributors 37 18.5 

Climate change  26 13 

High cost of water storage tank 20 10 

Water pollution  14 7 

Source: Field Survey Data, 2025; *** = Multiple responses 

 

 

Figure 2 - Constraints faced by farmers in accessing water.  
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DISCUSSION 

 

The regression analysis revealed that stock size, age, and live weight significantly influenced water demand among broiler 

farms. However, the negative relationship between stock size and water consumption deviates from the conventional 

expectation that larger flocks require proportionately more water. This counterintuitive finding suggests adaptive rationing 

behavior by farmers operating under conditions of water scarcity and rising production costs. Similar patterns have been 

documented in recent studies across water-stressed poultry systems. For instance, El-Sabry et al. (2023) reported that 

broiler farmers in semi-arid regions deliberately reduce per-bird water allocation as flock size increases in order to 

minimize pumping and storage costs, often at the expense of optimal bird performance. Likewise, FAO (2023) highlighted 

that water rationing has become a coping strategy among small-scale poultry producers in developing countries facing 

unstable water supply and high energy prices. 

The observed distribution of water use levels, where 43.3% of farms operated below recommended water intake and 

25% exceeded optimal levels, points to widespread inefficiencies and limited technical knowledge regarding water 

management. Recent empirical evidence supports this finding. Ebrahimi et al. (2024) demonstrated that suboptimal 

water provision, whether insufficient or excessive, adversely affects feed conversion ratios and growth performance in 

broiler production. Similarly, Umar et al. (2022) found that poor understanding of water quality requirements and 

inappropriate drinker systems contributed significantly to productivity losses among poultry farmers in sub-Saharan 

Africa. These findings reinforce the need for targeted extension services focusing on water-use efficiency, water quality 

management, and appropriate delivery systems. 

The estimated productivity ratio of 3.299 suggests relatively high efficiency among broiler farmers in the study area, 

indicating that producers are able to generate substantial output from available inputs. This result aligns with recent 

studies by Onuwa (2022) and Nwadiolu & Akpodiete (2023), who reported that efficient input allocation and managerial 

experience significantly enhance profitability in small- and medium-scale broiler enterprises. However, despite this 

apparent efficiency, the long-term sustainability of productivity remains uncertain due to persistent water-related 

constraints. According to World Bank (2021), escalating costs of water storage infrastructure and energy for pumping 

increasingly erode profit margins in intensive livestock systems, particularly in regions with unreliable public water supply. 

Furthermore, the ranking of constraints, particularly limited access to reliable water distributors and contamination 

risks, suggests that challenges extend beyond farm-level management to systemic supply-chain and institutional failures. 

Recent policy reports corroborate this observation. The International Water Management Institute (IWMI, 2023) 

emphasized that weak water distribution networks and inadequate quality control mechanisms disproportionately affect 

livestock producers, leading to inconsistent supply and heightened disease risks. This implies that improving broiler water 

productivity requires not only farmer-level interventions but also broader investments in water infrastructure, regulation, 

and private-sector participation. 

 

CONCLUSION AND RECOMMENDATIONS 

 

This study analyzed the demand for water and its effect on the productivity of broiler production in Imo State, Nigeria. The 

findings revealed that water demand is significantly influenced by bird age, stock size, and weight, with the exponential 

functional form providing the best fit for explaining variations. Despite high productivity levels (productivity ratio of 3.30), 

a large proportion of farms operate with suboptimal water consumption. Furthermore, systemic challenges such as 

limited access to water distributors, scarcity, contamination, high energy costs, and climate variability remain persistent 

constraints. These results highlight the paradox of poultry production in the study area: while farmers demonstrate 

efficiency in resource use, structural water-related barriers undermine sustainability. If these issues remain unresolved, 

the long-term viability of broiler farming, a major contributor to Nigeria’s food security and rural income, could be 

compromised. 

The following recommendations were made: 

1. Government and development partners should expand rural water infrastructure, including community boreholes 

and small-scale water schemes, to reduce dependence on costly private distributors. 

2. Farmers should be supported through subsidies or credit schemes to acquire solar-powered pumps, thereby 

reducing reliance on expensive fuel and unstable electricity supply. 

3. Targeted training on water-use efficiency, quality monitoring, and proper delivery systems should be provided to 

ensure birds receive water at optimal levels. 

4. Strengthening monitoring of water contamination and pollution will reduce risks of disease outbreaks and 

improve flock health. 

5.  Future studies should adopt longitudinal designs to capture seasonal variations in water demand, as well as 

explore the interactions between water quality, disease incidence, and productivity outcomes. 

By implementing these measures, policymakers and stakeholders can enhance water accessibility, lower production 

risks, and secure the long-term sustainability of broiler farming in southeastern Nigeria. 
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Supporting Information 

ABSTRACT: This study aims to examine the performance and nutritional quality of lesser mealworms 

(Alphitobius diaperinus) reared with different protein levels in the culture medium. The research method used 

was a completely randomized design (CRD) with 4 treatments and 5 replications. The treatments involved 

providing different protein levels in the culture medium: A (13%), B (15%), C (17%), and D (19%). The 

variables observed were larval consumption (g/500 g medium), larval production (g/500 g medium), larval 

body weight gain (g/500 g medium), chitin content (%), crude protein (%DM), nitrogen retention (%), crude fat 

(%DM), crude fat digestibility (%), and metabolizable energy (kcal/kg) of lesser mealworms. The result of this 

study showed that differences in protein levels in the culture medium had a very significant effect (P < 0.01) 

on larval consumption, larval production, larval body weight gain, chitin content, crude protein, nitrogen 

retention, crude fat, crude fat digestibility, and metabolizable energy of lesser mealworms. This study 

concluded that 19% protein culture medium was the optimal treatment for lesser mealworm rearing, yielding 

larval consumption of 181.87 g/500 g medium, larval production of 122.52 g/ 500 g medium, larval body 

weight gain of 107.51 g/500 g medium, chitin content of 21.17%, crude protein of 46.77% (DM), crude fat of 

25.69% (DM), nitrogen retention of 78.72%, crude fat digestibility of 79.55%, and metabolizable energy of 

2994.25 kcal/kg. The findings indicate that smaller mealworms hold considerable potential as an alternative 

source of animal protein for poultry feed.  

Keywords: Feedstuff, Lesser Mealworm, Nutritional Quality, Performance, Protein Medium. 
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INTRODUCTION   
 

The increase in demand for high-quality poultry products has driven the development of the poultry industry in Indonesia. 

To achieve optimal results, nutritious poultry feed that is rich in protein resources is essential.  Feed ingredients that are 

increasingly being used today are those derived from larvae. Many studies have shown that larvae are highly effective in 

poultry feed. For example, replacing up to 12% of soybean meal with Hermetia illucens larvae improves growth 

performance, blood hematology, intestinal morphometry, and the meat quality of broiler chickens (Sajjad et al., 2024). 

Kaddour et al. (2025) found the moderate supplementation with T. molitor can enhance feed efficiency while maintaining 

egg quality, positioning insect proteins as a viable pathway toward more sustainable and resilient poultry production. 

Another study reported that yellow mealworms (Tenebrio molitor) can be used in quail feed up to 12% to reduce 

cholesterol and egg yolk fat while maintaining eggshell thickness and egg white protein content (Nuraini et al., 2023). 

Larvae other than Hermetia illucens, and Tenebrio molitor that can be used as feed additives in poultry feed include 

lesser mealworms.  

The lesser mealworm is a larval stage of the beetle Alphitobius diaperinus, which belongs to the family Tenebrionidae 

and also includes other species such as the superworm and yellow mealworm. Alphitobius diaperinus larvae are 

morphologically similar to yellow mealworms (Tenebrio spp.), characterized by three pairs of legs and a segmented body 

that tapers at the tip of the larva (Tilak et al., 2023). These larvae have a strong, yellowish-brown exoskeleton (Sammarco 

et al., 2023). Lesser mealworms are rich in nutrients, containing 47.8% crude protein and 23.7% crude fat in dry matter 

(Soetemans et al., 2020). Lesser mealworm larvae contain amino acids (mg/100 g protein), including arginine 500, 

histidine 380, leucine 610, lysine 620, isoleucine 400, phenylalanine 460, methionine 190, threonine 390, valine 

510, alanine 700, aspartic acid 790, glycine 400, glutamate 1050, serine 310, proline 619, cysteine 210, and tyrosine 

710 (Kurečka et al., 2021).  

The nutritional composition of larvae depends on the media consumed by the larva (Scala et al., 2020). Lesser 

mealworm culture media can be derived from industrial or agricultural byproducts such as soybean meal, rice bran, and 

chicken manure. According to Molese et al. (2023), tofu residue can be used as a protein-rich feed ingredient with a 

crude protein content of 28.36%, 5.52% fat, 7.06% crude fiber, and 45.44% NFE. Energy gross of tofu residue is 4858,16 
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kcal/kg. Alphitobius diaperinus thrives in poultry houses (poultry manure) and grain silos (Crippen et al., 2022). The 

nutritional content of layer chicken manure includes crude protein 13.12%, crude fiber 18.34%, crude fat 3.10%, ash 

0.13%, and NFE 62.61% (Puteri et al., 2022).  

The research findings of Amran et al. (2024) reported that concentrate, dried tofu residue, and rice bran are culture 

media for producing lesser mealworms, with the selected media being concentrate and tofu residue. To date, the protein 

requirements of the culture medium for producing lesser mealworms remain unknown. Generally, lesser mealworms live 

in chicken manure, which contains 13% crude protein (Puteri et al., 2022). Additionally, Soetemans et al. (2020) states 

that lesser mealworms living on a medium with 18.6% crude protein have higher larval production and nutrient content; 

specifically 106% larval production, 47.8% crude protein content, and 23.7% crude fat content in dry matter. Tofu residue, 

rice bran, and layer chicken manure complement each other as culture media. However, there has been no research on 

the protein requirements of culture media for lesser mealworms. Culture medium protein will influence the growth, chitin 

content, crude protein, crude fat, nitrogen retention, crude fat digestibility, and metabolizable energy of lesser 

mealworms. Based on the above explanation, research was needed to determine the influence of culture medium protein 

level and the optimal level to improve the nutritional quality and metabolizable energy of lesser mealworms. 

 

MATERIALS AND METHODS 

 

Materials 

The material used in this study was culture media consisting of dried tofu residue, rice bran, and dried laying chicken 

manure. There were 320 parent beetles (Alphitobius diaperinus) per biopon. Broiler chickens of the Lohman MB 202 

strain, 6 weeks old (body weight ±1500g), totaling 24 chickens, were used for measuring nitrogen retention, crude fat 

digestibility, and metabolizable energy. Chemical reagents were used for analyzing protein, fat, and chitin content. The 

equipment used in this study included an analytical scale, biopon (plastic breeding containers) measuring 40×30×10 cm, 

nets to cover the biopon, egg trays as hiding places and egg-laying sites for beetles, a blender as a media grinder, a 2-

mesh sieve, a metabolizable cage measuring 60×30×20 cm for measuring nitrogen retention, crude fat digestibility, and 

metabolizable energy, an oven, and a set of equipment for analyzing protein, fat, and chitin content, as well as a bomb 

calorimeter. Lesser mealworms (Alphitobius diaperinus) cultivation (Figure 1). 

 

 
Parent beetles Alphitobius diaperinus 

 
Dried tofu residue 

 
Rice bran 

 
Dried laying chicken manure 

 
Media production 

 
Biopon set-up 

 
Lesser Mealworm 

 
Lesser mealworms in a single biopon 

 
Harvesting of lesser mealworms 

Figure 1 - Lesser mealworm (Alphitobius diaperinus) cultivation. 
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Method 

This study used a completely randomized design (CRD) according to Steel and Torrie (1995), consisting of 4 treatments 

and 5 replicates. The treatments were the protein levels in the culture medium, consisting of: A = 13%; B = 15%; C = 17%; 

D = 19%. 

 

Lesser mealworm cultivation 

Lesser mealworm cultivation is carried out according to the research by Amran et al. (2024). The culture medium 

consists of tofu residue, rice bran, and laying chicken manure. Tofu pulp and laying hen feces are dried in the sun. Once 

dry, the media is blended until smooth. Next, each medium is filtered through a 2-mesh sieve and weighed to 500 grams 

for each treatment. Then, 320 adult lesser mealworms were introduced into a medium per biopon. Egg trays were placed 

as hiding spots and egg-laying sites for the beetles. Unripe papaya was cut into 2×2×1 cm pieces and placed at 9 points 

on the medium. The papaya is replaced once every three days. After 10 days, the beetles are removed from the medium 

by sieving. During cultivation, biopons are placed in a location that is not exposed to direct sunlight, with good air 

ventilation and an average room temperature and humidity of 27℃ and 71%, respectively. The larvae are reared for 18 

days after the beetles are removed from the medium. The larvae are harvested according to Nuraini et al. (2022) by sieving 

with a 2-mesh sieve to separate the larvae from the medium, then weighed to obtain the fresh weight. Thereafter, the 

larvae are steamed for 10 minutes to kill them, then drained and dried in an oven (50℃, 24 hours). The dried larvae were 

weighed to determine their dry weight. The variables observed were larval consumption, larval production (Maha et al., 

2021), larval body weight gain (Fitri, 2022), chitin content (No, 1987), crude protein, crude fat (AOAC, 2016), nitrogen 

retention, crude digestibility, and metabolizable energy (Sibbald and Wolynetz, 1985). 

Measurements of nitrogen retention, crude fat digestibility, and metabolizable energy were conducted using 24 

broilers with a weight range of ± 1500 grams (20 broilers were used for the lesser mealworm treatment with protein 

levels in the culture medium, and 4 broilers were used for endogenous N), which were placed in individual metabolic 

cages. The broilers were first fasted for 24 hours, then force-fed 15 grams of the treatment feed. The excreta were then 

collected for 36 hours and sprayed with 0.3 N H2SO4 every 5 hours, after which the nitrogen, crude fat, and gross energy 

content of the excreta were analyzed. 

 

RESULTS AND DISCUSSION  

 

The average performance of lesser mealworms is shown in Table 1. 

 

Table 1 - Performance of lesser mealworms.  

Treatment 

(protein medium) 

Larval consumption  

(g/500 g medium)** 

Larval production  

(g/500 g medium)** 

Larval body weight gain  

(g/500 g medium)** 

A (13%) 110.30d 72.54b 42.47d 

B (15%) 124.53c 80.11b 57.17c 

C (17%) 176.14b 115.94a 91.21b 

D (19%) 181.87a 122.52a 107.51a 

SE 1.82 4.38 2.91 

**Significantly different (P < 0.01), a,b,c,d Means within a column with different superscripts differ significantly (P < 0.01), SE = Standard Error. 

 

Larval consumption 

Table 1 shows that the highest consumption of larvae from lesser mealworms was found in treatment D (19% protein 

medium), which was 181.87 g/500 g medium, and the lowest was found in treatment A (13% protein medium), which 

was 110.30 g/500 g medium. The low average consumption of lesser mealworm larvae in treatment A (110.30 g/500 g 

medium) was due to the consumption of larvae in treatment A (13% protein medium), which originated from 100% 

chicken manure. This phenomenon is because the manure contains ammonia, which reduces the palatability of the lesser 

mealworms, leading to decreased larval consumption. Ammonia increases media moisture and pH, creating an 

unfavorable environment for the growth of lesser mealworms. Media with a strong odor can reduce feed palatability, 

making the feed unappealing to lesser mealworms (Fernández et al., 2020). Crippen et al. (2022) stated that high 

ammonia concentrations can be toxic and cause physiological stress in lesser mealworms, although lesser mealworms 

can utilize ammonia for metabolism; excessive levels can disrupt the nervous system and feeding behavior. 

The average consumption rate of lesser mealworm larvae in treatment D (19% protein medium) was 181.87 g/500 g 

medium. This was due to the medium mixture consisting of 47% tofu residue, 38% rice bran, and 15% chicken manure. 

The preferred medium texture for lesser mealworm habitats is dry, loose, not too dense, and not wet. Media such as dry 

tofu residue and concentrates like rice bran have proven optimal for lower mealworm growth and production, as their 



Nuraini et al., 2026 

 

 

27 

textures are easy to dig into, do not clump, and maintain sufficient moisture without becoming soft or watery. The fine, 

loose, and non-clumping texture of dried tofu residue makes it easier for lesser mealworms to consume and digest the 

culture medium, thereby enhancing palatability and increasing larval consumption. This assertion is supported by Amran 

et al. (2024), who stated that the use of dried tofu residue and concentrates can promote high larval consumption in 

lesser mealworm. Larval consumption of the selected lesser mealworm larvae was observed in treatment D (19% protein 

medium), amounting to 181.87 g/500 g medium. The research findings of Safitri and Widiyaningrum (2024) indicated 

that the average larval consumption of lesser mealworm larvae for 50 individuals was 1.138 grams. Metabolizable energy 

factors also influence the consumption rate of lesser mealworm larvae. Lower metabolizable energy in the culture medium 

leads to greater consumption of mealworm larvae, as fewer mealworms require it. 

 

Larval production 

Table 1 shows that the highest larval production from lesser mealworms was found in treatment D (19% protein 

medium), which was 122.52 g/500 g medium, and the lowest was found in treatment A (13% protein medium), which was 

72.54 g/500 g medium. The low larval production from lesser mealworms in treatment A, which was 72.54 g/500 g 

medium, was due to the low ratio energy-protein of the culture medium, which was  182.42:1 ) in treatment A. One of the 

important components in the culture medium for lesser mealworms is energy and protein, which play a crucial role in cell 

synthesis and tissue formation. Low protein content in the culture medium can reduce mealworm growth, resulting in 

lower larval production. This aligns with the research by Amran et al. (2024), which found that the low live weight of lesser 

mealworms is influenced by the low protein content of their culture medium. Scott et al. (1992) also emphasized that the 

balance of nutrients, particularly protein and energy, significantly influences the rate of body weight gain in larvae. The 

protein-to-energy ratio is also an important factor in lesser mealworm production. According to Schøn et al. (2025), a 

higher protein-to-carbohydrate ratio accelerates larval growth and development by increasing protein deposition.  

Treatment C achieved the highest larval production from lesser mealworms, with 115.94 g/500 g medium, followed 

by treatment D with 122.52 g/500 g medium. This was due to the high energy-protein ratio of the culture medium in 

treatments C and D, which were 233.15 : 1 and 227.81 : 1, respectively. The high protein content of the lesser mealworm 

culture medium can influence larval production because energy and protein play a crucial role in the growth and 

development of the lesser mealworm's body. Protein is the primary source of amino acids used by lesser mealworms to 

build and repair their body tissues, as well as to support various important metabolizable functions. Culture media with 

high protein content provide lesser mealworms with sufficient nutrients to support their optimal growth. This conclusion is 

supported by Kotsou et al. (2021), who showed that high protein content in lesser mealworm feed can increase growth 

and survival rates as well as shorten development time. 

 

Larval body weight gain 

Table 1 shows that the highest body weight gain of lesser mealworm larvae was found in treatment D (19% protein 

medium), which was 107.51 g/500 g medium, while the lowest body weight gain of lesser mealworm larvae was found in 

treatment A (13% protein medium), which was 42.47 g/500 g medium. The lower average body weight gain of lesser 

mealworm larvae in treatment A (42.47 g/500 g medium) was due to the medium's lower protein content (13%). The low 

protein content of the culture medium fails to meet the protein requirements for lesser mealworm growth, resulting in low 

body weight gain of lesser mealworm larvae. Low protein content in the medium can disrupt metabolizable processes, 

leading to suboptimal conversion of nutrients into energy and building materials for the body, thereby reducing growth 

and body weight gain of lesser mealworm larvae. Research shows that culture media with low nutrient content reduce 

metabolism in lesser mealworms, resulting in lower fresh weights and lengths than media with high nutrient content, such 

as dried tofu residue or concentrate. This aligns with the findings of Amran et al. (2024), where the low live weight of lesser 

mealworm was influenced by the low protein content of the culture medium. 

The highest average body weight gain of lesser mealworm larvae in treatment D (19% protein content) was 

107.51 g/500 g medium. This is due to the high crude protein content of the medium in this treatment, with crude 

protein content in treatment D at 19%. Crude protein content influences the magnitude of body weight gain in lesser 

mealworm larvae, as they are selective in the feed they consume. Protein plays a crucial role in metabolic processes, the 

growth of new tissues, and the repair of damaged tissues. The higher the protein content in the medium, the more 

nutrients are available to support the growth and development of lesser mealworm, resulting in a significant increase in 

their body weight. Scott et al. (1992) also emphasized that the balance of nutrients, particularly protein and energy, 

significantly influences the rate of body weight gain in larvae. The high body weight gain in larvae is also due to their high 

consumption. High larval consumption provides sufficient nutrient intake, particularly protein and energy, which are the 

primary factors in accelerating the growth and body weight gain of lesser mealworm larvae. 

 

Digestibility analysis  

The average nutritional content and nutritional digestibility of lesser mealworms are shown in Table 2.  
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Table 2 - Nutritional content and nutritional digestibility of lesser mealworms.  

Treatment 

(protein medium) 

Chitin 

(%)** 

Crude Protein 

(%DM)** 

Nitrogen 

Retention (%)** 

Crude Fat 

(%DM)** 

Crude Fat 

Digestibility (%)** 

Metabolizable 

Energy (kcal/kg)** 

A (13%) 9.35d 23.35c 30.33c 17.70c 71.62d 2378.85d 

B (15%) 13.58c 25.63c 52.08b 20.98b 74.12c 2561.18c 

C (17%) 18.22b 37.26b 62.75b 22.59b 76.78b 2762.94b 

D (19%) 21.17a 46.77a 78.72a 25.69a 79.55a 2994.25a 

SE 0.60 2.66 5.01 0.49 0.71 7.78 

Note: **: Significantly different (P<0.01); a,b,c,d: Means within a column with different superscripts differ significantly (P<0.01); DM = Dry 

Matter; SE =Standard Error. 

 
Chitin content 

Table 2 shows that the highest chitin content in lesser mealworm was observed in treatment D (19% protein 

medium; 21.17%) and the lowest in treatment A (13% protein medium; 9.35%). The low chitin content of lesser 

mealworm in treatment A (9.35%) is related to the low larval production of lesser mealworm in treatment A. Lesser 

mealworms with low larval production have low live weight, which leads to reduced skin production. This is because chitin 

is located in the outer skin of the lesser mealworm. Iber et al. (2022) stated that chitin is the main component of the 

exoskeleton or shell of crustaceans and insects, as well as the cell walls of yeast, algae, and fungi. The chitin content of 

the lesser mealworm in treatment D was higher than in other treatments, at 21.17%. This is related to the high larval 

production in treatment D. Lesser mealworm living on a high-protein medium can meet their protein needs, resulting in 

fewer mealworm with higher live weight and larger body size, thereby increasing chitin content. This aligns with the findings 

of Alhidayat et al. (2025), who reported that lesser mealworm culture media with high crude protein content produce lesser 

mealworms with larger body weights, thereby increasing chitin content. The chitin content of lesser mealworm is high in 

treatment D, but its administration in poultry feed certain limits (not in high concentrations because of chitin), will not 

interfere with poultry productivity, as can be seen from the research of Wandira et al. (2016), which found no difference in 

body weight gain between ducks not given chitin and those given 1%, 2%, and 3% chitin in the ration. Another opinion by 

Sedgh-Gooya et al. (2022) states that 5% chitin in dry matter does not harm broilers. Regarding the effect of chitin on 

nitrogen retention, Khempaka et al. (2011) reported that feeding shrimp meal at 20% with a chitin content of 3.8% 

resulted in nitrogen retention of 50.89%.  

 

Crude protein 

Table 2 shows that the highest crude protein content of lesser mealworms was found in treatment D (medium 

protein 19%) at 46.77% and the lowest was found in treatment A (medium protein 13%) at 23.35%. The crude protein 

content of lesser mealworms in treatments A and B is low, at 23.35% and 25.63%, respectively, due to the low crude 

protein content in the culture media, which are 13% and 15%, respectively. If lesser mealworms lack protein in the 

culture media, their bodies will experience limitations in metabolism. The enzymes formed from protein will also 

decrease in number, so that the mealworm’s metabolism cannot function optimally. Digestive enzymes function to break 

down food into smaller nutrients that can be absorbed. Protein deficiency disrupts enzyme synthesis, which ultimately 

affects nutrient absorption and crude protein production in the mealworm’s body. This finding is supported by Nuraini et al. 

(2022), who found that mealworm protein content is influenced by the nutrient composition of the culture medium. 

The high crude protein content of lesser mealworms in treatment D (46.77%) is related to the high crude protein 

content of the culture medium in treatment D (19%). The crude protein content in the culture medium directly affects the 

crude protein content of the mealworms. If the culture medium contains a high amount of crude protein, then the 

mealworms raised in that medium will also exhibit a high crude protein content, and vice versa. Protein functions in 

tissue formation through protein synthesis within the lesser mealworm's body. According to Fuso et al. (2021), the protein 

level achieved by larvae is greatly influenced by the amount of protein and fiber available in their food substrate. 

The crude protein content of the selected lesser mealworms was found in treatment D (culture medium protein 19%) 

at 46.77%. Other studies indicate that lesser mealworms have a protein content of 48% when fed a 18.6% crude protein 

culture medium (Soetemans et al., 2020). The difference in crude protein content is due to the difference in the culture 

medium used, which consisted of wheat flour mixed with 15% rapeseed flour and beer waste. 

 

Nitrogen retention 

Table 2 shows that the highest nitrogen retention in lesser mealworms was found in treatment D (19% protein 

medium) at 78.72%, while the lowest was found in treatment A (13% protein medium) at 30.33%. The low protein intake 

in treatment A (3.11 g/head) influences the lower nitrogen retention in lesser mealworms (30.33%). The low protein 

consumption is due to the low crude protein content of lesser mealworms in treatment A, at 23.35%. The culture 
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medium's low protein content of 13% contributes to the low crude protein content of lesser mealworms. If the culture 

medium has low protein content, the lesser mealworm's body will also have a limited amount of available amino acids. 

As a result, the lesser mealworm's body has difficulty maintaining or storing nitrogen for metabolic needs, leading to low 

nitrogen retention. This phenomenon can be seen from the research by Alhidayat et al. (2025), which found that yellow 

mealworms living in a culture medium with crude protein of 22% had lower nitrogen retention of 72.27% compared to a 

culture medium with crude protein of 26%, which had nitrogen retention of 80.89%. 

Lesser mealworms in treatment D exhibited a high nitrogen retention of 78.72% This was influenced by the high 

protein intake in treatment D, which was 6.25 g/head. The high protein intake was due to the high crude protein content 

of lesser mealworms in treatment D, which was 46.77%. The high crude protein content of lesser mealworms in this 

treatment was due to the high protein content of the culture medium, which was 19%. Lesser mealworms with adequate 

protein intake have better nitrogen balance between intake and excretion. This aligns with the opinion of Ren et al. 

(2025) that to achieve nitrogen balance in insects, there needs to be a balance between food intake, metabolic 

conversion, and excretion. Digested protein provides nitrogen used for tissue synthesis. High nitrogen retention indicates 

that lesser mealworms can utilize most of the nitrogen intake. 

The high nitrogen retention in treatment D reflects the satisfactory protein quality of the lesser mealworms. This aligns 

with the research by Alhidayat et al. (2025), which found that lesser mealworms with high nitrogen retention also have 

high protein quality. The high protein quality in treatment D is also reflected in the amino acid composition of the lesser 

mealworms. The results of amino acid content of lesser mealworms in treatment D contain several amino acids, namely 

lysine 0.39%, methionine 0.56%, threonine 1.31%, tryptophan 0.47%, arginine 1.11%, glutamic acid 4.07%, alanine 

3.32%, aspartic acid 2.45%, glycine 2.31%, histidine 1.08%, isoleucine 1.73%, cysteine 1.20%, leucine 2.70%, valine 

2.26%, phenylalanine 1.93%, proline 2.32%, serine 1.44%, and tyrosine 2.07%. 

The highest nitrogen retention in lesser mealworms in this study was observed in treatment D (19% protein medium), 

at 78.72%. This result is lower than the nitrogen retention of yellow mealworms (Tenebrio molitor), which was 80.89% 

(Alhidayat et al., 2025). The nitrogen retention of lesser mealworms in treatment D was lower than that of superworms 

(Zophobas morio), which was 80.36% (Nuraini et al., 2025). 

 

Crude fat 

Table 2 shows that the highest crude fat content was found in treatment D (culture medium protein 19%) at 25.69%, 

and the lowest crude fat content was found in treatment A (culture medium protein 13%) at 17.70%. The low crude fat 

content of the lesser mealworms in treatment A (17.70%) is related to the low crude fat content of the culture medium in 

treatment A (3.1%), which affects fat metabolism as an energy reserve for the lesser mealworms. In treatment A, the 

culture medium used was 100% chicken feces. Chicken feces can also have toxic properties due to their ammonia 

content, which inhibits mealworm growth, resulting in low fat storage in the mealworm’s bodies. According to Rumpold 

and Schlüter (2013), although chicken manure can be used as a physical medium for mealworm growth, its nutrient 

content is low, which increases physiological stress on the mealworms, causing available energy to be primarily used for 

survival rather than fat storage. 

The high crude fat content of larvae in treatment D (crude protein 19%) at 25.69% is due to the high protein content 

of the medium. The high protein content of the culture medium is not entirely used for body tissue synthesis; the larvae 

undergo deamination, where the amino groups of amino acids are released, and the remaining carbon is utilized in 

energy metabolism pathways. If the energy produced from this metabolism is not immediately utilized, the excess energy 

is converted into energy reserves in the form of fat through the process of lipogenesis. This process leads to an increase 

in crude fat content in the mealworm's body. Additionally, the high protein content promotes faster growth, causing the 

mealworms to require more energy reserves for the subsequent metamorphosis phase, which are stored in the form of 

body fat. Research conducted by Kim et al. (2019) shows that media with high protein content produce mealworms with 

higher crude fat content compared to media with low protein content. Thus, it can be concluded that the higher the 

protein content in the culture medium, the greater the potential for increased crude fat content in the mealworm's body. 

The crude fat content of lesser mealworms is greatly influenced by the feed medium; lesser mealworms grown on 

high-quality medium tend to have high crude fat content. The fat content of the culture medium greatly influences the 

growth of lesser mealworms. According to Suwannayod et al. (2025), fat-rich culture media significantly increase the fat 

content in larval bodies. 

The crude fat content of the selected mealworms was 25.69% in treatment D, which used a mixture of tofu pulp, feces, 

and rice bran (crude protein 19%) as the medium. Another study stated that media using industrial waste produced lesser 

mealworms with a crude fat content of 26% (Soetemans et al., 2020). 

 

Crude fat digestibility 

Table 2 shows that the highest crude fat digestibility was found in treatment D (culture medium protein 19%) at 

79.55%, and the lowest crude fat digestibility was found in treatment A (culture medium protein 13%) at 71.62%. The low 
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crude fat digestibility of lesser mealworms in treatment A (71.62%) is attributed to the low crude fat content of lesser 

mealworms in treatment A (17.70%). The low crude fat content of lesser mealworms (Alphitobius diaperinus) may be one 

of the causes of low fat digestibility when they are used as feed for poultry. This is because the amount of fat substrate 

available in the feed significantly determines the activity and efficiency of lipid-digesting enzymes in poultry, such as 

pancreatic lipase. When the fat content in the ration is very low, lipase activity in the digestive tract tends to decrease 

because the stimulus for enzyme secretion is reduced. This condition prevents some of the available fat fractions from 

being optimally digested and absorbed. The crude fat had the highest digestibility in treatment D, at 79.55%. This was 

due to the high fat content of the culture medium (25.69%). The high fat content led to increased fat digestibility because 

more fat substrate was absorbed. In addition to the high fat content of the mealworms, the medium's protein content 

also affected their fat digestibility. According to Miguéns-Gómez et al. (2020), when the protein requirements of the larvae 

are met, energy and fat metabolism occur more efficiently, resulting in larvae with tissue structure and fat composition 

that are easier to digest by the poultry digestive system. It is further explained that lesser mealworms reared on a protein-

rich medium tend to produce softer body tissue with a fat composition that is more easily digested by the poultry 

digestive system. 

 

Metabolizable Energy 

Table 4 shows that the highest metabolizable energy (ME) was found in treatment D (crude protein 19%) at 2994.25 

kcal/kg, while the lowest metabolizable energy (ME) was found in treatment A (crude protein 13%) at 2378.85 kcal/kg. 

The low metabolizable energy (ME) of the lesser mealworms in treatment A, which is 2378.85 kcal/kg, is due to the low 

protein content (CP 13.12%) and fat content (Fat 3.1%) of the culture medium in treatment A. The nutritional content of 

the culture medium also affects the growth and energy metabolism of the lesser mealworms. Culture media with low fat 

content will inhibit caterpillar growth, resulting in low metabolizable energy content in caged caterpillars because fat is 

the highest source of energy in insects, so a decrease in fat is directly proportional to a decrease in metabolizable energy 

(Schiavone et al., 2017). The highest metabolizable energy content in lesser mealworms was observed in treatment D 

(crude protein 19%), with 2994.25 kcal/kg. This indicates that the culture medium has high nutritional quality. High-

quality culture media enhance the feed conversion efficiency of lesser mealworms. This means that lesser mealworms 

can convert feed into body tissue with higher energy content, such as fat and protein. High-quality media rich in protein, 

fat, and energy increases the metabolizable energy content of lesser mealworm bodies, due to higher growth and nutrient 

absorption rates. This aligns with the research by Fowles and Nansen (2020), which found that protein-rich media also 

promote optimal growth and metabolism in larvae. Adequate protein supports enzyme synthesis, the formation of body 

tissues, and the conversion of nutrients into energy reserves. 

 

CONCLUSION 

 

This study concludes that crude protein at 19% is the optimal protein content for the selected lesser mealworms culture 

medium, resulting in lesser mealworm with a larval consumption rate of 181.87 g/500 g medium, larval production of 

122.52 g/500 g medium, larval body weight gain of 107.51 g/500 g medium, chitin content of 21.17%, crude protein 

content of 46.77% (dry matter), nitrogen retention of 78.72%, crude fat content of 25.69% (dry matter), crude fat 

digestibility of 79.55%, and metabolizable energy of 2994.25 kcal/kg. This result is due to the availability of adequate 

protein media at 19%, which efficiently support the synthesis of body tissue protein and lipogenesis, producing larvae 

with greater body mass and a rich nutritional profile, making them a highly valuable alternative feed source for poultry. 
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Supporting Information 

ABSTRACT: Soybean meal is the dominant protein source in animal feed, but rising costs have encouraged 

the search for alternatives. Canavalia gladiata, a tropical legume with good yield potential and resistance to 

pests, contains about 26% protein. However, its use in non-ruminant diets is constrained by anti-nutritional 

factors. Fermentation with Saccharomyces cerevisiae has been shown to enhance protein content and 

reduce anti-nutrients in various feed ingredients, making it a promising strategy for improving C. gladiata 

seed. The aim of this study was to evaluate the effect of yeast fermentation on C. gladiata seed meal 

proximate composition, bioactive compounds, fatty acid profile and amino acid profile. In this study, raw seed 

meal (RCSM) was prepared from C. gladiata seed grown in Côte d’Ivoire, while fermented seed meal (FCSM) 

was obtained through a two-step aerobic and anaerobic fermentation with yeast. Proximate composition, 

bioactive compounds, antioxidant activity, fatty acid and amino acid profiles were determined using standard 

analytical methods. Fermentation increased dry matter by 4% and crude protein by 23%, while reducing 

carbohydrates and ash. It also enhanced total polyphenols by 11.11% and antioxidant activity by 32.14%, 

though flavonoids decreased slightly and tannin levels increased. Fatty acid profiles showed stability of 

polyunsaturated fatty acid (PUFA) and n-6/n-3 ratios within optimal ranges. Amino acids increased overall, 

with notable rises in several essential amino acids, though lysine, cystine, and glutamic acid declined. Overall, 

yeast fermentation significantly improved the nutritional and bioactive properties of C. gladiata seed meal, 

supporting its potential as an affordable alternative protein source for monogastric animal diets. 

Keywords: Bioactive compounds, Canavalia gladiata, Fermentation, Nutritional value, Yeast. 
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INTRODUCTION   
 

Soybean meal (SBM) remains the primary protein ingredient in animal diets due to its rich protein concentration and 

favorable amino acid composition (Cherdthong et al., 2014; Gunun et al., 2022). However, the recent increase in its 

market price has limited its use in feed formulation, prompting nutritionists to explore more affordable alternative protein 

supplements (Gunun et al., 2022). 

Canavalia gladiata is a leguminous plant that originated in the Asian continent and spread throughout the tropics 

(Sasipriya and Siddhuraju, 2012). Eaten as a green vegetable in Asia, this plant has particular agronomic traits, including 

a high cultivation temperature (Nishizawa and Arii, 2018). They are cultivated on a limited scale throughout Asia, the 

West Indies, Africa and South America (Ekanayake et al., 2006). Moreover, its average yield is comparable to that of the 

soybean, and it is relatively resistant to pests and diseases (Nishizawa and Arii, 2018). Concerning nutritional properties, 

the C. gladiata seed contains approximately 26% protein, 3% fat, and 62% carbohydrate (Sridhar and Seena, 2006; 

Nishizawa and Arii, 2018). But, presence of anti-nutrients limits its use as a feed ingredient for livestock particularly non-

ruminant animals (Sasipriya and Siddhuraju, 2013). 

Yeast (Saccharomyces cerevisiae) has been applied to enhance the nutritional quality of feed ingredients (Polyorach 

et al., 2016; Promkot et al., 2017; Gunun et al., 2022) and to mitigate anti-nutritional compounds present in some 

animal diets (Boonnop et al., 2009). Indeed, Cherdthong and Supapong (2019) reported that cassava waste from 

bioethanol production fermented with yeast had a crude protein content of 25.1% of dry matter, twice that of 

unfermented cassava waste. Also, Gunun et al. (2022) reported that rubber seed kernel contained crude protein at 21.2% 
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of dry matter, while the yeast-fermented rubber seed kernel product contained crude protein at 33.6% of dry matter, an 

increase in crude protein of 12.4 % of dry matter. Moreover, as a food-safe strain (Son et al., 2023; Wang et al., 2024), S. 

cerevisiae plays a pivotal role as a chassis organism for the efficient production of fatty acids and their derivatives (Wang 

et al., 2024). The aim of this study was to evaluate the effect of yeast fermentation on C. gladiata seed meal proximate 

composition, bioactive compounds, fatty acid profile and amino acid profile. 

 

MATERIALS AND METHODS 

 

Production of C. gladiata seeds  

The raw seeds of C. gladiata were produced at the graduate school of agriculture experimental station, at the 

National Polytechnic Institute Felix Houphouet Boigny (INP-HB) in Yamoussoukro, located in central Côte d’Ivoire, from 

April to July 2024. Moreover, the C. gladiata seeds were sun-dried for 5 days after harvest, sorted, and stored in a dry 

environment until use. 

 

Processing methods of RCSM and FCSM 

The raw C. gladiata seed meal (RCSM) was prepared from C. gladiata seed ground using a universal grinder. The 

fermented C. gladiata seed meal (FCSM) was prepared by fermenting the RCSM with commercial dry yeast 

(Saccharomyces cerevisiae). The fermentation process was carried out according to the method reported by Shi et al. 

(2017), with some minor modifications. Each kilogram of seed meal as fermentation substrate was mixed and inoculated 

with one liter of distilled water containing 2% (w/w) dry yeast (Saccharomyces cerevisiae). Aerobic fermentation was 

carried out at 37 C for 24 hours. After the first step, the aerobically fermented mixture was transferred to a vacuum oven 

and then fermented under anaerobic conditions at 37 C for 24 hours. After fermentation, the mixture was oven-dried at 

60 C for 72 hours to obtain FCSM. 

 

Chemical analyses 

Proximate composition of RCSM and FCSM was analyzed using the methods of AOAC (2000). Lipids were extracted 

from samples using the method of Folch et al. (1957). Bioactive compounds were extracted from samples according to 

the hydroalcholic method described by Sinan et al. (2023). The total polyphenols were quantified by the method 

described by Lezoul et al. (2020) and Tiho et al. (2017). The total flavonoids were quantified by aluminium chloride 

colorimetric method described by Tiho et al. (2017). The total tannins were quantified by the Folin-Ciocalteu method 

described by Hossain et al. (2020). The condensed tannins were quantified by the vanillin acid method described by Price 

et al. (1978). The antioxidant activity of samples was measured by the 2,20-azino-bis-3-ethylbenzothiazoline-6-sulfonic 

acid (ABTS*+) radical cation method described by Tiho et al. (2017). Fatty acid profile of RCSM and FCSM was analyzed 

according to the methods described by Koné et al. (2020). Amino acids from RCSM and FCSM were analyzed by acid 

hydrolysis method (AFNOR, 2005). 

 

Statistical analysis 

Raw and fermented C. gladiata seed meals parameters data were subjected to the independent samples t-test at 5% 

significance, using R version 4.5.1 software. 

 
RESULTS AND DISCUSSION 

 
Proximate composition of RCSM and FCSM 

The results of this study showed that fermentation improved the nutritional profile of C. gladiata seed meal, 

particularly in terms of dry matter and crude protein content by 4% and 23%, respectively (Table 1). The increase in dry 

matter content and the decrease in carbohydrate and ash contents observed in the fermented seed meal compared to 

the raw meal is likely due to microbial degradation of soluble carbohydrates and moisture reduction during the 

processing, which has been similarly reported in legume-based substrates (Ojokoh et al., 2013; Arise et al., 2022). 

Moreover, Yang et al. (2018) reported that the crude protein content significantly increased by 12% in fermented soybean 

meal produced by a combination of B. subtilis, L. casei, and yeast, as compared with those in raw soybean meal. 

The increase in crude protein content following fermentation indicates a concentration effect often attributed to the 

microbial breakdown of non-protein components, such as fiber and anti-nutritional factors, as well as the biosynthesis of 

microbial proteins (Hidalgo-Fuentes et al., 2024). This aligns with findings from previous studies on other legumes, where 

solid-state fermentation enhanced the crude protein content of cowpea (Ojokoh et al., 2013) and jack bean (Arise et al., 

2022). 
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Table 1 - Proximate composition of RCSM and FCSM in % of dry matter (DM) 

Proximate composition1 RCSM FCSM SEM p-value 

Dry matter (in % of crude matter) 91.23b 94.89a 0.82 6.67 x 10-6 

Crude Protein 25.62b 30.38a 1.14 6.87 x 10-3 

Ether Extract 4.95 5.09 0.04 1.15 x 10-1 

Crude Fiber 8.28 7.76 0.25 3.51 x 10-1 

Ash 4.24a 3.95b 0.07 6.84 x 10-4 

Total Carbohydrate2 65.19a 60.58b 1.13 4.02 x 10-2 

ME (kcal/kg of dry matter)3 3366.73 3330.01 9.99 4.24 x 10-1 

RCSM: Raw C. gladiata seed meal; FCSM: Fermented C. gladiata seed meal; ME: Metabolizable energy; SEM: Standard error of the mean. 1 

Values are the means of three analyses per sample. 2 Total carbohydrate (Carb_Tot) = 100 - [Protein (% DM) + Fat (% DM) + Ash (% DM)] 

(Tiho et al., 2024); 3 ME (kcal/kg of dry matter) = [2.44 × Protein (% DM) + 8.37 × Fat (% DM) + 3.57 × Carb_Tot (% DM)] ×10 (Tiho et al., 

2024). a,b Parameter means within rows with no common superscript differ (p < 0.05). 

 

Bioactive compounds of RCSM and FCSM 

The fermentation of C. gladiata flour induced an increase in total polyphenol content by 11.11% (Table 2). This 

increase can probably be explained by the release of phenolic compounds bound or their biotransformation into more 

active molecules by microbial enzymes such as tannases and glycosidases (Yang et al., 2023). As polyphenols are major 

antioxidants, this increase could strengthen the antioxidant potential of fermented seed, corroborating several studies on 

fermented vegetables and legumes (Asensio-Grau et al., 2020; Emkani et al., 2022; Knez et al., 2023). The enhancement 

of total polyphenols is consistent with previous findings in fermented legumes such as soybeans and pigeon peas, where 

microbial fermentation has been shown to release bound phenolics from the cell wall matrix or synthesize new bioactive 

compounds (Duenas et al., 2005; Hur et al., 2014). 

Interestingly, a slight decrease in flavonoid content by 7.17% was observed after fermentation. This reduction may be 

attributed to the partial degradation, transformation, or use of certain flavonoids by fermenting microorganisms (Maria 

John et al., 2014; Zhao et al., 2021; Emkani et al., 2022).  

Contrary to the commonly anticipated effects of fermentation (Adebo et al., 2022; Yang et al., 2023; Hidalgo-Fuentes 

et al., 2024), an increase in tannin content was observed in the present study. Similarly, a rise in total tannin levels has 

also been reported during the fermentation of pea protein concentrate (C ̧abuk et al., 2018). This may be explained by 

either the liberation of bound tannins from the seed matrix (C ̧abuk et al., 2018) or the biosynthesis of tannin-like 

phenolics by certain microbial strains during the fermentation process (Emkani et al., 2022). In contrast, condensed 

tannin content remained unchanged, suggesting that these compounds are more chemically stable and less affected by 

fermentation conditions (Makkar, 2003). This finding agrees with previous studies reporting the resilience of condensed 

tannins during biotransformation processes (Francis et al., 2002). 

Finally, the significant enhancement in antioxidant activity by 32.14% following fermentation could be directly linked 

to the observed increases in total polyphenols and tannins. According to Zhao et al. (2021) and Kim et al. (2024), the 

antioxidant activity is positively correlated with yeast fermentation. Both classes of compounds are known to contribute to 

antioxidant capacity through mechanisms such as hydrogen atom donation, metal chelation, and inhibition of lipid 

peroxidation (Shahidi and Ambigaipalan, 2015). This link is well established: these families of compounds contribute 

strongly to free radical scavenging capacities and oxidative stabilization (reduction of oxidative stress) in various 

fermented systems (Zhao et al., 2021; Emkani et al., 2022). This result supports the hypothesis that fermentation could 

be an effective tool to enhance the biofunctional potential of C. gladiata, particularly its antioxidant properties. 

 

Table 2 - Bioactive compounds of RCSM and FCSM 

Bioactive compounds 1 RCSM FCSM SEM P-value 

Total Polyphenols (mg GAE/g of dry matter) 82.21b 91.34a 2.30 1.82 x 10-2 

Total Flavonoids (mg QE/g of dry matter) 52.98a 49.18b 0.90 5.33 x 10-3 

Total tannins (mg TAE/g of dry matter) 0.34b 0.45a 0.02 4.91 x 10-11 

Condensed Tannins (mg CatE/g of dry matter) 0.08 0.07 0.01 4.60 x 10-1 

Antioxidant Activity (μmol TE/g of dry matter) 0.56b 0.74a 0.04 1.35 x 10-8 

RCSM: Raw C. gladiata seed meal; FCSM: Fermented C. gladiata seed meal; GAE: Gallic acid equivalent; QE: Quercetin equivalent; TAE: Tannic 

acid equivalent; CatE: Catechin equivalent; TE: Trolox equivalent; SEM: Standard error of the mean. 1 Values are the means of three analyses 

per sample. a,b Parameter means within rows with no common superscript differ (p < 0.05). 
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Fatty acid (FA) profile of RCSM and FCSM 

The unsaturated fatty acids (74.81% and 71.88%, respectively for raw and fermented seed meal) were more 

abundant in C. gladiata seed oil than saturated fatty acids (25.17% and 28.53%, respectively for raw and fermented seed 

meal) (Table 3). These results confirm those of Qian et al. (2025), who reported that C. gladiata seed oil contained 69.1 to 

81.8% unsaturated fatty acids and 18.2 to 30.9% saturated fatty acids. The fermentation of C. gladiata resulted in a 

decrease in unsaturated fatty acids by 3.92%, and an increase in saturated fatty acids (SFA) by (13.35%), notably palmitic 

acid (8.31%) and stearic acid (53.58%). This development is consistent with several recent studies that report that 

fermentation of food breaks down nutrients, including proteins associated with allergic reactions, making them easily 

digestible, and it also creates beneficial nutrients, including fatty acids (Borresen et al., 2012; Song et al., 2013; Kim et 

al., 2015). Saccharomyces cerevisiae plays a role in food production and also exhibits fatty acid composition changes 

depending on its environment and growth conditions (Son et al., 2023). The yeast can synthesize fatty acids, particularly 

saturated fatty acids like palmitic acid (16:0), and unsaturated fatty acids like oleic acid (18:1), with the latter’s synthesis 

influenced by oxygen availability (Wang et al., 2024). 

In contrast, the balance between polyunsaturated fatty acid (PUFA) contents, notably C18: 2n-6 and C18: 3n-3, were 

little affected by fermentation, as indicated by the relative stability of the C18: 2n-6/C18: 3n-3 and n-6/n-3 ratios, 

increasing respectively from 1.89 to 2.01 and from 1.89 to 1.98. The C18:2n-6/C18:3n-3 ratio is considered balanced, 

particularly in animal feed, when it is less than 4 as recommended by ANSES (2011) and Simopoulos (2016) to optimize 

the immune response. Simopoulos and Di-Nicolantonio (2016) concluded that n-3 fatty acids participate to a decrease 

adipose tissue development and lead to weight loss, while n-6 fatty acids increase adipose tissue synthesis and lead to 

obesity. After examining various effects of n-6/n-3 ratios on experimental animals, Simopoulos and Di-Nicolantonio 

(2016) indicated that the preferred ratio for an optimal health could be 1:1 or 2:1. This n-6/n-3 ratio interval 1:1 to 2:1 

was increased, and set to be optimal between 1:1 and 5:1 according to Gonzalez-Becerra et al. (2023). Anyhow, high n-

6/n-3 ratios between 10:1 and 20:1 should be stickily avoided, because they increase the risk of inflammatory diseases 

and obesity (Simopoulos and Di-Nicolantonio, 2016; Gonzalez-Becerra et al., 2023). 

 

Table 3 - Fatty acid profile of RCSM and FCSM in % of total fatty acid. 

Fatty acid 1 RCSM FCSM SEM P-value 

Myristic acid, C14:0 0.51a 0.45b 0.02 2.13 × 10-2 

Pentadecanoic acid, C15:0 0.60 0.62 0.02 6.50 x 10-1 

Palmitic acid, C16:0 17.70b 19.17a 0.36 1.08 x 10-2 

Stearic acid, C18:0 2.93b 4.95a 0.45 6.52 x 10-6 

Arachidic acid, C20:0 0.87 0.83 0.03 5.23 x 10-1 

Behenic acid, C22:0 0.43 0.38 0.02 1.11 x 10-1 

Tricosanoic acid, C23:0 0.21 0.20 0.00 7.05 x 10-2 

Lignoceric acid, C24:0 1.50 1.47 0.02 4.10 x 10-1 

Hyenic acid, C25:0 0.42b 0.46a 0.01 2.19 x 10-3 

Total of saturated fatty acids (SFA) 25.17b 28.53a 0.79 4.45 x 10-3 

9-hexadecenoic acid, C16:1 n-9 0.18b 0.22a 0.01 6.08 x 10-4 

Palmitoleic acid, C16:1 n-7 1.62b 3.68a 0.46 3.03 x 10-5 

Oleic acid, C18:1 n-9 43.81a 39.97b 0.90 2.56 x 10-3 

Cis-vaccenic acid, C18:1 n-7 2.95 2.84 0.03 5.44 x 10-2 

Gondoic acid, C20:1 n-9 0.75 0.69 0.02 2.16 x 10-1 

Total of monounsaturated fatty acids (MUFA) 49.92 48.01 0.56 7.74 x 10-2 

Linoleic acid, C18:2 n-6 16.23a 15.40b 0.22 2.76 x 10-2 

Arachidonic acid, C20:4 n-6 0b 0.23a 0.05 6.30 x 10-4 

Total of n-6 FA 16.23 15.63 0.17 7.37 x 10-2 

Linolenic acid, C18:3 n-3 8.61a 7.77b 0.20 6.77 x 10-3 

Total of polyunsaturated fatty acids (PUFA) 24.89a 23.47b 0.37 2.57 x 10-2 

Total of unsaturated fatty acids (UFA) 74.81a 71.48b 0.72 4.99 x 10-2 

PUFA/MUFA 0.50 0.49 0.01 6.17 x 10-2 

UFA/SFA 2.9a 2.5b 0.10 6.75 x 10-4 

C18:2 n-6/C18:3 n-3 1.89b 2.01a 0.02 4.87 x 10-3 

n-6/n-3 1.89b 1.98a 0.03 5.30 x 10-3 

RCSM: Raw C. gladiata seed meal; FCSM: Fermented C. gladiata seed meal; FA: Fatty acid; SFA: Sum of saturated fatty acids; MUFA: Sum of 

monounsaturated fatty acids; PUFA: Sum of polyunsaturated fatty acids; UFA: Sum of unsaturated fatty acids; n-6/n-3: Sum of n-6 fatty 

acids/sum of n-3 fatty acids ratio; SEM: Standard error of the mean. 1 Values are the means of three analyses per sample. a,b Parameter 

means within rows with no common superscript differ (p < 0.05). 
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Amino acid (AA) profile of RCSM and FCSM 

The quantity of AAs was much higher in fermented C. gladiata seed meal with S. cerevisiae than in raw C. gladiata 

seed meal (93.36 vs 87.52 g for 100 g of protein, respectively) (Table 4). Fermentation, one of the earliest techniques for 

preserving perishable foods, also enhances their nutritional quality by increasing amino acid levels (Elhalis et al., 2023; 

Yang et al., 2024). Additionally, the fermentation of food breaks down nutrients, including proteins associated with 

allergic reactions, making them easily digestible, and it also creates beneficial nutrients, including amino acids (Borresen 

et al., 2012; Song et al., 2013; Kim et al., 2015). The present study confirmed increases in several essential AAs and non-

essential AAs in the FCSM, when compared with the RCSM. In fact, all AAs increased by 4.36% to 15.04% in fermented C. 

gladiata seed meal, excepted, the contents of lysine, cystine and glutamic acid that decreased respectively by 8.74%, 

19.33% and 2.84%. Moreover, Kim et al. (2015) showed that the amounts of essential amino acids and non-essential 

amino acids were little increased respectively by 1.98% and 3.98% in fermented C. gladiata with 3% A. oryzae at 25  2 

C and 55  5% at ambient humidity for 36 h and dried. Also, Yang et al. (2018) indicated that total amino acid contents 

significantly increased by 5% in fermented soybean meal produced by a combination of B. subtilis, Lactobacillus casei, 

and yeast, as compared with those in soybean meal. In addition, the contents of phenylalanine, valine, and methionine 

were increased by 9-42% after fermentation. The increase in the content of sweet amino acids such as glycine and 

alanine after fermentation could increase the fermented C. gladiata seed meal in sweetness (Yang et al., 2024). 

 

Table 4 - Amino acid profile of RCSM and FCSM in g/100 g protein 

Amino acid RCSM FCSM SEM p-value 

Arginine 5.50b 6.04a 0.12 2.51 x 10-5 

Histidine 3.06b 3.44a 0.09 1.49 x 10-3 

Isoleucine 4.02b 4.57a 0.12 1.76 x 10-4 

Leucine 7.65b 8.41a 0.17 7.41 x 10-4 

Lysine 6.18a 5.64b 0.14 2.13 x 10-2 

Methionine 0.96b 1.13a 0.04 2.56 x 10-2 

Phenylalanine 4.71b 5.08a 0.09 1.46 x 10-2 

Serine 5.39b 5.98a 0.14 3.83 x 10-3 

Threonine 4.53b 4.97a 0.10 1.53 x 10-3 

Tryptophan 1.08 1.13 0.03 4.87 x 10-1 

Valine 4.65b 5.31a 0.15 8.56 x 10-5 

Total of essential AAs 47.73b 51.70a 0.95 5.91 x 10-3 

Alanine 4.65b 5.08a 0.10 4.60 x 10-4 

Aspartic acid 11.17b 11.91a 0.17 1.12 x 10-4 

Cystine 1.19a 0.96b 0.05 2.14 x 10-3 

Glutamic acid 11.62a 11.29b 0.07 1.76 x 10-4 

Glycine 3.97b 4.57a 0.14 4.66 x 10-4 

Proline 3.68b 4.18a 0.12 1.57 x 10-3 

Tyrosine  3.51 3.67 0.06 1.88 x 10-1 

Total of non-essential AAs 39.79b 41.66a 0.45 7.09 x 10-3 
RCSM: Raw C. gladiata seed meal; FCSM: Fermented C. gladiata seed meal; AAs: Amino acids; SEM: Standard error of the mean. 1 Values are 

the means of three analyses per sample. a,b Parameter means within rows with no common superscript differ (p < 0.05). 

 
CONCLUSION 
 

To our knowledge, the fermentation of C. gladiata seed meal with yeast (Saccharomyces cerevisiae) has not been 

previously reported. The results of this study indicate that yeast fermentation could be an effective biotransformation 

approach for enhancing the protein quality and amino acid bioavailability of C. gladiata seed meal, thereby making its 

nutritional profile more competitive. Yeast-based fermentation appears to be a promising method for improving the 

bioactive potential of C. gladiata seeds. Consequently, the rise in bioactive compounds may positively influence the 

functional properties of the fermented seed meal, particularly with regard to shelf-life extension and gut health in animal 

feeding applications. This shows its potential as a value-added alternative protein source for monogastric animal diets. 

 
DECLARATIONS 

 

Corresponding author 

Correspondence and requests for materials should be addressed to Gningnini Alain Koné; E-mail: 

alain.kone@inphb.ci; ORCID: https://orcid.org/0000-0002-5143-3311 

 

Data availability  

The datasets used and/or analysed during the current study available from the corresponding author on reasonable 

request.  

mailto:alain.kone@inphb.ci


Online J. Anim. Feed Res., 16(1): 33-40. 

 

 

38 

Authors’ contribution 

Gningnini Alain Koné designed the study, contributed to data analysis and manuscript writing, and coordinated the 

contributions of all other authors; N'Da Amani Sylvère Bertrand Koko and Konan Raphaël N'Guessan contributed to study 

design, data collection, and manuscript writing; Faustin Parfait Koutouan designed the study and manuscript writing; 

Maryline Kouba contributed to the study design and critical revision of the manuscript, as well as to the analysis of the 

samples. 

 

Ethical regulations  

Not applicable. 

 

Acknowledgements  

The authors gratefully thank Pr. Vincent Rioux and Benjamin Regent of Institut Agro Rennes-Angers for their helpful 

in analyzing the amino acid and fatty acid profiles of samples. 

 

Funding  

The authors declare that no funds, grants, or other support were received during the preparation or publication of this 

manuscript. 

 

Competing interests  

The authors declare no competing interests in this research and publication.  

 
Abbreviations 

SBM: Soy Bean Meal; INP-HB: National Polytechnic Institute Felix Houphouet Boigny; RCSM: Raw C. gladiata Seed Meal; 

FCSM: Fermented C. gladiata Seed Meal;  AAs: Amino Acids.; CP: Crude Protein; AOAC: Association of Official Analytical 

Chemists; GAE: Gallic Acid Equivalent; QE: Quercetin Equivalent; TAE: Tannic Acid Equivalent; CatE: Catechin Equivalent; TE: 

Trolox Equivalent; ABTS: 2,20-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid; Abs: Absorbance; DF: Dilution Factor; AFNOR: 

French Association for Standardization; ISO: International Organization for Standardization; ANSES: French Agency for Food, 

Environmental and Occupational Health & Safety; ME: Metabolizable Energy; FAO: Food and Agricultural Organization of the 

United Nations; DM: Dry Matter; FA: Fatty acid; SFA: Sum of Saturated Fatty Acids; MUFA: Sum of Monounsaturated Fatty Acids; 

PUFA: Sum of Polyunsaturated Fatty Acids; UFA: Sum of Unsaturated Fatty Acids; SEM: Standard error of the mean. 

 
REFERENCES 

 

Adebo JA, Njobeh PB, Gbashi S, Oyedeji AB, Ogundele OM, Oyeyinka SA, et al. (2022). Fermentation of cereals and legumes: impact on 

nutritional constituents and nutrient bioavailability. Fermentation, 8(2): 63. https://doi.org/10.3390/fermentation8020063 

ANSES (2011). Actualisation des apports nutritionnels conseillés pour les acides gras. ANSES, Maisons-Alfort, France, 323 p. 

https://www.anses.fr/en/system/files/NUT2006sa0359Ra.pdf 

AOAC (2000). Association of official analytical chemists. official methods of analysis, 17th Edition. Arlington. VA. USA. 

https://groupdocs.vip/reviews/E08035/312322/4983933-aoac-2000-official-methods-of-analysis-17th-ed 

Arise AK, Malomo SA, Cynthia CI, Aliyu NA and Arise RO (2022). Influence of processing methods on the antinutrients, morphology and in-

vitro protein digestibility of jack bean. Food Chemistry Advances, 1: 100078. https://doi.org/10.1016/j.focha.2022.100078 

Asensio-Grau A, Calvo-Lerma J, Heredia A, Andrés A (2020). Enhancing the nutritional profile and digestibility of lentil flour by solid state 

fermentation with Pleurotus ostreatus. Food & Function, 11(9): 7905-7912. https://doi.org/10.1039/D0FO01527J 

Boonnop K, Wanapat M, Nontaso N and Wanapat S (2009). Enriching nutritive value of cassava root by yeast fermentation. Scientia 

Agricola, 66(5): 629-633. https://doi.org/10.1590/S0103-90162009000500007 

Borresen EC, Henderson AJ, Kumar A, Weir TL and Ryan EP (2012). Fermented foods: patented approaches and formulations for nutritional 

supplementation and health promotion. Recent Patents on Food, Nutrition & Agriculture, 4(2): 134-140. 

https://doi.org/10.2174/2212798411204020134 

C ̧abuk B, Nosworthy MG, Stone AK, Korber DR, Tanaka T, House JD, et al. (2018). Effect of fermentation on the protein digestibility and 

levels of non-nutritive compounds of pea protein concentrate. Food Technology & Biotechnology, 56: 257-264. 

https://doi.org/10.17113/ftb.56.02.18.5450 

Cherdthong A and Supapong C (2019). Improving the nutritive value of cassava bioethanol waste using fermented yeast as a partial 

replacement of protein source in dairy calf ration. Tropical Animal Health and Production, 51: 2139-2144. 

https://doi.org/10.1007/s11250-019-01911-4 

Cherdthong A, Wanapat M, Saenkamsorn A, Waraphila N, Khota W, Rakwongrit D, et al. (2014). Effects of replacing soybean meal with 

dried rumen digesta on feed intake, digestibility of nutrients, rumen fermentation and nitrogen use efficiency in Thai cattle fed on rice 

straw. Livestock Science, 169: 71-77. https://doi.org/10.1016/j.livsci.2014.09.008 

Duenas M, Fernandez D, Hernandez T, Estrella I and Munoz R (2005). Bioactive phenolic compounds of cowpeas (Vigna sinensis L.). 

Modifications by fermentation with natural microflora and with Lactobacillus plantarum. Journal of the Science of Food and 

Agriculture, 85(2): 297-304. https://doi.org/10.1002/jsfa.1924 

Ekanayake S, Nair BM, Asp NG and Jansz ER (2006). Effect of processing of sword beans (Canavalia gladiata) on physicochemical 

properties of starch. Starch-Stärke, 58 (5): 215-222. https://doi.org/10.1002/star.200500449 

Elhalis H, See XY, Osen R, Chin XH and Chow Y (2023). Significance of fermentation in plant-based meat analogs: a critical review of 

nutrition, and safety-related aspects. Foods, 12(17): 3222. https://doi.org/10.3390/foods12173222 

Emkani M, Oliete B and Saurel R (2022). Effect of lactic acid fermentation on legume protein properties, a review. Fermentation, 8(6): 244. 

https://doi.org/10.3390/fermentation8060244 

https://doi.org/10.3390/fermentation8020063
https://www.anses.fr/en/system/files/NUT2006sa0359Ra.pdf
https://groupdocs.vip/reviews/E08035/312322/4983933-aoac-2000-official-methods-of-analysis-17th-ed
https://doi.org/10.1016/j.focha.2022.100078
https://doi.org/10.1039/D0FO01527J
https://doi.org/10.1590/S0103-90162009000500007
https://doi.org/10.2174/2212798411204020134
https://doi.org/10.17113/ftb.56.02.18.5450
https://doi.org/10.1007/s11250-019-01911-4
https://doi.org/10.1016/j.livsci.2014.09.008
https://doi.org/10.1002/jsfa.1924
https://doi.org/10.1002/star.200500449
https://doi.org/10.3390/foods12173222
https://doi.org/10.3390/fermentation8060244


Kone et al., 2026 

 

 

39 

Folch J, Lees M and Sloane Stanley GH (1957). A simple method for the isolation and purification of total lipids from animal tissues. Journal 

of Biological Chemistry, 226(1): 497-509. https://doi.org/10.1016/S0021-9258(18)64849-5 

Francis G, Kerem Z, Makkar HPS and Becker K (2002). The biological action of saponins in animal systems: a review. British Journal of 

Nutrition, 88(6): 587-605. https://doi.org/10.1079/BJN2002725 

French Association for Standardization (AFNOR) (2005). Aliments des animaux - détermination de la teneur en acides aminés. NF EN ISO 

13903. 25p. Retrieved on 23 August 2012 from http://www.afnor.org/en 

Gonzalez-Becerra K, Barron-Cabrera E, Muñoz-Valle JF, Torres-Castillo N, Rivera-Valdes JJ, Rodriguez-Echevarria R, et al. (2023). A balanced 

dietary ratio of n-6:n-3 polyunsaturated fatty acids exerts an effect on total fatty acid profile in RBCs and inflammatory markers in 

subjects with obesity. Healthcare, 11(16): 2333. https://doi.org/10.3390/healthcare11162333 

Gunun N, Ouppamong T, Khejornsart P, Cherdthong A, Wanapat M, Polyorach S, et al. (2022). Effects of rubber seed kernel fermented with 

yeast on feed utilization, rumen fermentation and microbial protein synthesis in dairy heifers. Fermentation, 8(6): 288. 

https://doi.org/10.3390/fermentation8060288 

Hidalgo-Fuentes B, de Jesús-José E, Cabrera-Hidalgo AdJ, Sandoval-Castilla O, Espinosa-Solares T, González-Reza RM, et al. (2024). Plant-

based fermented beverages: nutritional composition, sensory properties, and health benefits. Foods, 13(6): 844. 

https://doi.org/10.3390/foods13060844 

Hossain MA, Disha NK, Shourove JH and Dey P (2020). Determination of antioxidant activity and total tannin from drumstick (Moringa 

oleifera Lam.) leaves using different solvent extraction methods. Turkish Journal of Agriculture-Food Science and Technology, 8(12): 

2749-2755. https://doi.org/10.24925/turjaf.v8i12.2749-2755.4038 

Hur SJ, Lee SY, Kim YC, Choi I and Kim GB (2014). Effect of fermentation on the antioxidant activity in plant-based foods. Food Chemistry, 

160: 346-356. https://doi.org/10.1016/j.foodchem.2014.03.112 

Kim A, Balanov P and Smotraeva I (2024). Study of changes of antioxidant activity during fermentation of various types of legumes as 

functional food product. Functional Foods in Health and Disease, 14(11): 751-765. https://doi.org/10.31989/ffhd.v14i11.1452 

Kim OK, Chang JY, Nam DE, Park YK, Jun W and Lee J (2015). Effect of Canavalia gladiata extract fermented with Aspergillus oryzae on the 

development of atopic dermatitis in NC/Nga mice. International Archives of Allergy and Immunology, 168(2): 79-89. 

https://doi.org/10.1159/000441654 

Knez E, Kadac-Czapska K and Grembecka M (2023). Effect of fermentation on the nutritional quality of the selected vegetables and 

legumes and their health effects. Life, 13(3): 655. https://doi.org/10.3390/life13030655 

Koné GA, Good M and Kouba M (2020). Performance of guinea fowl fed hevea seed meal or cashew nut meal as a partial substitute for 

soya bean meal. Animal, 14(1): 206-214. https://doi.org/10.1017/S175173111900185X 

Lezoul NEH, Belkadi M, Habibi F and Guillén F (2020). Extraction processes with several solvents on total bioactive compounds in different 

organs of three medicinal plants. Molecules, 25(20): 4672. https://doi.org/10.3390/molecules25204672 

Makkar HPS (2003). Effects and fate of tannins in ruminant animals, adaptation to tannins, and strategies to overcome detrimental effects 

of feeding tannin-rich feeds. Small Ruminant Research, 49(3): 241-256. https://doi.org/10.1016/S0921-4488(03)00142-1 

Maria John KM, Thiruvengadam M, Enkhtaivan G and Kim DH (2014). Variation in major phenolic compounds and quality potential of CTC 

black tea elicited by Saccharomyces cercevisiae and its correlation with antioxidant potential. Industrial Crops and Products, 55: 289-

294. https://doi.org/10.1016/j.indcrop.2014.02.006 

Nishizawa K and Arii Y (2018). A crude sword bean (Canavalia gladiata) extract is gelated by cooling. Bioscience, Biotechnology, and 

Biochemistry, 82(1): 120-126. https://doi.org/10.1080/09168451.2017.1403884 

Ojokoh AO, Daramola MK and Oluoti OJ (2013). Effect of fermentation on nutrient and anti-nutrient composition of breadfruit (Treculia 

africana) and cowpea (Vigna unguiculata) blend flours. African Journal of Agricultural Research, 8(27): 3566-3570. 

https://doi.org/10.5897/AJAR12.1944 

Polyorach S, Poungchompu O, Wanapat M and Cherdthong A (2016). Optimal cultivation time for yeast and lactic acid bacteria in 

fermented milk and effects of fermented soybean meal on rumen degradability using nylon bac technique. Asian-Australasian journal 

of animal sciences, 29(9): 1273-1279. https://doi.org/10.5713/ajas.15.0798 

Price ML, Scoyoc SV and Butler LG (1978). A critical evaluation of the vanillin reaction as an assay for tannin in sorghum grain. Journal of 

Agricultural and Food Chemistry, 26(5): 1214-1218. https://doi.org/10.1021/jf60219a03 

Promkot C, Nitipot P, Piamphon N, Abdullah N and Promkot A (2017). Cassava root fermented with yeast improved feed digestibility in 

brahman beef cattle. Animal Production Science, 57(8): 1613-1617. https://doi.org/10.1071/AN15685 

Qian H, Meng D, Lu Yue L, Xu H, Feng K and Wang J (2025). Ethnobotanical use, phytochemistry, pharmacology, and toxicity of Canavalia 

gladiata. Drug Design, Development and Therapy, 19: 3779-3803. https://doi.org/10.2147/DDDT.S519102 

Sasipriya G and Siddhuraju P (2012). Effect of different processing methods on antioxidant activity of underutilized legumes, Entada 

scandens seed kernel and Canavalia gladiata seeds. Food and Chemical Toxicology, 50(8): 2864-2872. 

https://doi.org/10.1016/j.fct.2012.05.048 

Sasipriya G and Siddhuraju P (2013). Evaluation of growth performance, serum biochemistry and haematological parameters on broiler 

birds fed with raw and processed samples of Entada scandens, Canavalia gladiata and Canavalia ensiformis seed meal as an 

alternative protein source. Tropical animal health and production, 45(3): 811-820. https://doi.org/10.1007/s11250-012-0293-z 

Shahidi F and Ambigaipalan (2015). Phenolics and polyphenolics in foods, beverages and spices: antioxidant activity and health effects - a 

review. Journal of Functional Foods, 18(B): 820-897. https://doi.org/10.1016/j.jff.2015.06.018 

Shi C, Zhang Y, Yin Y, Wang C, Lu Z, Wang F, et al. (2017). Amino acid and phosphorus digestibility of fermented corn-soybean meal mixed 

feed with Bacillus subtilis and Enterococcus faecium fed to pigs. Journal of Animal Science, 95(9): 3996-4004. 

https://doi.org/10.2527/jas2017.1516 

Simopoulos AP (2016). An increase in the omega-6/omega-3 fatty acid ratio increases the risk for obesity. Nutrients, 8(3): 128. 

https://doi.org/10.3390/nu8030128 

Simopoulos AP and Di-Nicolantonio JJ (2016). The importance of a balanced ω-6 to ω-3 ratio in the prevention and management of obesity. 

Open Heart, 3(2): e000385. https://doi.org/10.1136/openhrt-2015-000385 

https://doi.org/10.1016/S0021-9258(18)64849-5
https://doi.org/10.1079/BJN2002725
http://www.afnor.org/en
https://doi.org/10.3390/healthcare11162333
https://doi.org/10.3390/fermentation8060288
https://doi.org/10.3390/foods13060844
https://doi.org/10.24925/turjaf.v8i12.2749-2755.4038
https://doi.org/10.1016/j.foodchem.2014.03.112
https://doi.org/10.31989/ffhd.v14i11.1452
https://doi.org/10.1159/000441654
https://doi.org/10.3390/life13030655
https://doi.org/10.1017/S175173111900185X
https://doi.org/10.3390/molecules25204672
https://doi.org/10.1016/S0921-4488(03)00142-1
https://doi.org/10.1016/j.indcrop.2014.02.006
https://doi.org/10.1080/09168451.2017.1403884
https://doi.org/10.5897/AJAR12.1944
https://doi.org/10.5713/ajas.15.0798
https://doi.org/10.1021/jf60219a03
https://doi.org/10.1071/AN15685
https://doi.org/10.2147/DDDT.S519102
https://doi.org/10.1016/j.fct.2012.05.048
https://doi.org/10.1007/s11250-012-0293-z
https://doi.org/10.1016/j.jff.2015.06.018
https://doi.org/10.2527/jas2017.1516
https://doi.org/10.3390/nu8030128
https://doi.org/10.1136/openhrt-2015-000385


Online J. Anim. Feed Res., 16(1): 33-40. 

 

 

40 

Sinan KI, Yagi S, Llorent-Martínez EJ, Ruiz-Medina A, Gordo-Moreno AI, Stefanucci A, et al. (2023). Understanding the chemical composition 

and biological activities of different extracts of Secamone afzelii leaves: a potential source of bioactive compounds for the food 

industry. Molecules, 28(9): 3678. https://doi.org/10.3390/molecules28093678 

Son YJ, Jeon M-S, Moon HY, Kang J, Jeong DM, Lee DW, et al. (2023). Integrated genomics and phenotype microarray analysis of 

Saccharomyces cerevisiae industrial strains for rice wine fermentation and recombinant protein production. Microbial Biotechnology, 

16(11): 2161-2180. https://doi.org/10.1111/1751-7915.14354 

Song SH, Lee C, Lee S, Park JM, Lee HJ, Bai DH, et al. (2013). Analysis of microflora profile in Korean traditional nuruk. Journal of 

Microbiology Biotechnology, 23(1): 40-46. http://dx.doi.org/10.4014/jmb.1210.10001 

Sridhar KR and Seena S (2006). Nutritional and antinutritional significance of four unconventional legumes of the genus canavalia - a 

comparative study. Food Chemistry, 99: 267-288. https://doi.org/10.1016/j.foodchem.2005.07.049 

Tiho T, Koné GA, Silué N, Djako MJ and Djaah G (2024). Acacia auriculiformis leaves’ powder as an alternative for antibiotics uses in broilers 

organic farming. World Journal of Advanced Research and Reviews, 21(01): 2675–2685. 

https://doi.org/10.30574/wjarr.2024.21.1.0357 

Tiho T, Yao NJC, Brou YC and Adima AA (2017). Drying temperature effect on total phenols and flavonoids content, and antioxidant activity 

of Borassus aethiopum mart ripe fruits’ pulp. Journal of Food Research, 6(2): 50-64. http://dx.doi.org/10.5539/jfr.v6n2p50 

Wang Z, Su C, Zhang Y, Shangguan S, Wang R and Su J (2024). Key enzymes involved in the utilization of fatty acids by Saccharomyces 

cerevisiae: a review. Frontiers in Microbiology. 14: 1294182. https://doi.org/10.3389/fmicb.2023.1294182 

Yang A, Zuo L, Cheng Y, Wu Z, Li X, Tong P, et al. (2018). Degradation of major allergens and allergenicity reduction of soybean meal 

through solid-state fermentation with microorganisms. Food Function, 9(3): 1899-1909. https://doi.org/10.1039/c7fo01824j 

Yang F, Chen C, Ni D, Yang Y, Tian J, Li Y, et al. (2023). Effects of fermentation on bioactivity and the composition of polyphenols contained 

in polyphenol-rich foods: a review. Foods, 12(17): 3315. https://doi.org/10.3390/foods12173315 

Yang X, Hong J, Wang L, Cai C, Mo H, Wang J, et al. (2024). Effect of lactic acid bacteria fermentation on plant-based products. 

Fermentation, 10(1): 48. https://doi.org/10.3390/fermentation10010048 

Zhao Y-S, Eweys AS, Zhang J-Y, Zhu Y, Bai J, Darwesh OM, et al. (2021). Fermentation affects the antioxidant activity of plant-based food 

material through the release and production of bioactive components. Antioxidants, 10(12): 2004. 

https://doi.org/10.3390/antiox10122004 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

 

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 

adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) 

and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in 

this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not 

included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, 

you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 

https://creativecommons.org/licenses/by/4.0/. 

© The Author(s) 2026 

https://doi.org/10.3390/molecules28093678
https://doi.org/10.1111/1751-7915.14354
http://dx.doi.org/10.4014/jmb.1210.10001
https://doi.org/10.1016/j.foodchem.2005.07.049
https://doi.org/10.30574/wjarr.2024.21.1.0357
http://dx.doi.org/10.5539/jfr.v6n2p50
https://doi.org/10.3389/fmicb.2023.1294182
https://doi.org/10.1039/c7fo01824j
https://doi.org/10.3390/foods12173315
https://doi.org/10.3390/fermentation10010048
https://doi.org/10.3390/antiox10122004
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/


g | P a g e 

 
 

OJAFR EndNote Style    |   Word Template    |   Declaration form     |   Authorship Agreement Form  

Manuscripts as Original Research Paper, Review, Short Communication and Case Reports are invited for peer-review publishing in 
the Online Journal of Animal and Feed Research (ISSN 2228-7701). 
Papers can be in any relevant fields of Animal Sciences (Animal Nutrition, Physiology, Reproduction, Genetics and Breeding, 
Behavior, Health, Husbandry and its economy, Animal products and Veterinary medicines of domestic animals) and relative topics. 
The journal does encourage papers with emphasis on the nutritive value and utilization of feeds that is depended to methods of 
Improvement, Assessment, Conserving and Processing feeds, Agronomic and climatic factors, Metabolic, Production, Reproduction 
and Health responses to dietary inputs (e.g., Feeds, Feed Additives, Specific Feed Components, Mycotoxins). Also, Mathematical 
models relating directly to animal-feed interactions, Analytical and experimental methods for Feed Evaluation as well as Animal 

Production studies with a focus on Animal Nutrition that do have link to a feed (Food Science and Technology) are acceptable 
relative topics for OJAFR. ...view full aims and scope 

 

Submission 
The manuscripts should be submitted using our online submission forms (Scienceline Online Submission Form ; OJAFR Online 

Submission Form ). For facile submission, please embed all figures and tables at the end of the manuscript to become one single 
file for submission. Once submission is complete, the system will generate a manuscript ID and password sent to the author's 
contact email. If you have any difficulty in submitting the manuscript, kindly send via emails: editors@ojafr.com ; 
editorojafr@gmail.com. All manuscripts must be checked (by an English native speaker) and submitted in English for evaluation in 
a totally confidential and impartial way. 
Supplementary information: 
Author guidelines are specific for each journal. Our MS Word template can assist you by modifying your page layout, text 
formatting, headings, title page, image placement, and citations/references such that they agree with the guidelines of the journal. 
If you believe your article is fully edited per journal style, please use our Word template before submission. 

Supplementary materials may include figures, tables, methods, videos, and other materials. They are available online linked to the 
original published article. Supplementary tables and figures should be labeled with a "S", e.g. "Table S1" and "Figure S1". The 
maximum file size for supplementary materials is 10MB each. Please keep the files as small as possible to avoid the frustrations 
experienced by readers with downloading large files. 
 
Submission to the Journal is on the understanding that: 
1. The article has not been previously published in any other form and is not under consideration for publication elsewhere; 
2. All authors have approved the submission and have obtained permission for publishing work. 
3. Researchers have proper regard for conservation and animal welfare considerations. Attention is drawn to the 'Guidelines for the 
Treatment of Animals in Research and Teaching'. Any possible adverse consequences of the work for populations or individual 
organisms must be weighed against the possible gains in knowledge and its practical applications. If the approval of an ethics 
committee is required, please provide the name of the committee and the approval number obtained. 
 
Ethics declarations 
If experimental research includes animal subjects (involving live vertebrates and/or higher invertebrates), the authors will need to 
include one of the following appropriate ethics declarations in the Methods section of manuscript. 

1. A statement that identifies the institutional and/or licensing committee that approved the experiments, including any relevant 
details (e.g. the board/committee names that gave the approval).  

2. The authors confirm that all experiments were performed in accordance with relevant named guidelines and regulations. 

3. A statement confirms that the authors complied with the ARRIVE guidelines and or the Interdisciplinary Principles and 
Guidelines for the Use of Animals in Research, Testing, and Education by the New York Academy of Sciences, Ad Hoc Animal 
Research Committee. 

If the manuscript contains photos or parts of photos of patients, informed consent from each patient should be obtained. Patient's 
identities and privacy should be carefully protected in the manuscript. 

 

 

Presentation of the article 
 

Main Format  
First page of the manuscripts must be properly identified by the title and the name(s) of the author(s). It should be typed in Times 
New Roman (font sizes: 12pt in capitalization for the title and the main text, double spaced, in A4 format with 2cm margins. All 

pages and lines of the main text should be numbered consecutively throughout the manuscript. The manuscript must be saved in a 
.doc or .docx formats. Abbreviations in the article title are not allowed except the well-known ones. 
 
Manuscripts should be arranged in the following order: 
a. TITLE (brief, attractive and targeted) 
b. Name(s) and Affiliation(s) of author(s) (including postcode) and corresponding Email 

c. ABSTRACT 

d. Key words (separate by semicolons; or comma,) 

e. Abbreviations (used in the manuscript) 

f. INTRODUCTION 

g. MATERIALS AND METHODS 

h. RESULTS 

i. DISCUSSION                                                 The sections "RESULTS AND DISCUSSION" can be presented jointly. 

j. CONCLUSION                                                The sections "DISCUSSION AND CONCLUSION" can be presented jointly. 

Instructions for Authors 

 
 

http://www.science-line.com/EndNote/Online%20J%20Anim%20Feed%20Res-Scienceline.ens
https://ojafr.com/main/attachments/article/52/OJAFR,%20Manuscript%20Template.docx
https://ojafr.com/main/attachments/article/52/Declaration%20form.docx
https://ojafr.com/main/attachments/article/52/Authorship%20Agreement%20Form%20For%20OJAFR.doc
https://ojafr.com/main/index.php?option=com_content&view=article&id=110&Itemid=111
https://ojafr.com/main/index.php?option=com_content&view=article&id=51&Itemid=88
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
https://ojafr.com/main/index.php?option=com_content&view=article&id=51&Itemid=88
https://ojafr.com/main/index.php?option=com_content&view=article&id=51&Itemid=88
mailto:editors@ojafr.com
mailto:editorojafr@gmail.com
http://www.ojafr.ir/main/attachments/article/52/OJAFR,%20Manuscript%20Template.doc
http://asab.nottingham.ac.uk/downloads/guidelines2006.pdf
http://asab.nottingham.ac.uk/downloads/guidelines2006.pdf
http://www.science-line.com/EndNote/Online J Anim Feed Res-Scienceline.ens
https://ojafr.com/main/attachments/article/52/OJAFR, Manuscript Template.docx
https://ojafr.com/main/attachments/article/52/Declaration form.docx
https://ojafr.com/main/attachments/article/52/Authorship Agreement Form For OJAFR.doc
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13


h | P a g e 

k. DECLARATIONS 

l. REFERENCES 

m. Tables 

n. Figures 
 

Article Sections Format 

Title should be a brief phrase describing the contents of the paper. Title Page should include full names and affiliations of the 
author(s), the name of the corresponding author along with phone and email information. Present address(es) of the author(s) 
should appear as a footnote. 
Abstract should be informative and completely self-explanatory, briefly present the topic, state the scope of the experiments, 
indicate significant data, and point out major findings and conclusions. The abstract should be 150 to 300 words in length. 
Complete sentences, active verbs, and the third person should be used, and the abstract should be written in the past tense. 
Standard nomenclature should be used and abbreviations should be avoided. No literature should be cited. 
Following the abstract, about 3 to 7 key words should be listed.  
Introduction should provide a clear statement of the problem, the relevant literature on the subject, and the proposed approach 
or solution. It should be understandable to colleagues from a broad range of scientific disciplines. 
Materials and Methods should be complete enough to allow experiments to be reproduced. However, only truly new procedures 
should be described in detail; previously published procedures should be cited, and important modifications of published 
procedures should be mentioned briefly. Capitalize trade names and include the manufacturer's name and address. Subheadings 
should be used. Methods in general use need not be described in detail. 
Results should be presented with clarity and precision. The results should be written in the past tense when describing findings in 
the author(s)'s experiments. Previously published findings should be written in the present tense. Results should be explained, but 
largely without referring to the literature. Discussion, speculation and detailed interpretation of data should not be included in the 
results but should be put into the discussion section. 
Discussion should interpret the findings in view of the results obtained in this and in past studies on this topic. State the 
conclusions in a few sentences at the end of the paper. The Results and Discussion sections can include subheadings, and when 
appropriate, both sections can be combined. 
Conclusion should be brief and tight, providing a few specific tasks to accomplish: 1-Re-assert/Reinforce the Thesis; 2-Review the 
Main Points; 3-Close Effectively. The Conclusion section should not be similar to the Abstract content.  
Declarations including Ethics, Consent to publish, Competing interests, Authors' contributions, and Availability of data and 
materials are necessary. 
Acknowledgments of persons, grants, funds, etc should be brief. 
Tables should be kept to a minimum and be designed to be as simple as possible. Tables are to be typed double-spaced 
throughout, including headings and footnotes. Each table should be on a separate page, numbered consecutively in Arabic 
numerals and supplied with a heading and a legend. Tables should be self-explanatory without reference to the text. The details of 
the methods used in the experiments should preferably be described in the legend instead of in the text. The same data should not 
be presented in both table and graph forms or repeated in the text. 
The Figure legends should be typed in numerical order on a separate sheet. Graphics should be prepared using applications 
capable of generating high resolution GIF, TIFF, JPEG or PowerPoint before pasting in the Microsoft Word manuscript file. Use 
Arabic numerals to designate figures and upper case letters for their parts (Figure 1). Begin each legend with a title and include 
sufficient description so that the figure is understandable without reading the text of the manuscript. Information given in legends 
should not be repeated in the text. 

 
DECLARATIONS  

Please ensure that the sections: Ethics (and consent to participate), Consent to publish, Competing interests, Authors' 
contributions, and Availability of data and materials are included at the end of your manuscript in a Declarations section. 
 

Consent to Publish 

Please include a ‘Consent for publication’ section in your manuscript. If your manuscript contains any individual person’s data in 
any form (including individual details, images or videos), consent to publish must be obtained from that person, or in the case of 
children, their parent or legal guardian. All presentations of case reports must have consent to publish. You can use your 
institutional consent form or our consent form if you prefer. You should not send the form to us on submission, but we may 

request to see a copy at any stage (including after publication). If your manuscript does not contain any individual person’s data, 
please state “Not applicable” in this section. 
Authors’ Contributions 
For manuscripts with more than one author, OJAFR requires an Authors' Contributions section to be placed after the Competing 
Interests section. An 'author' is generally considered to be someone who has made substantive intellectual contributions to a 
published study. To qualify as an author one should 1) have made substantial contributions to conception and design, or 
acquisition of data, or analysis and interpretation of data; 2) have been involved in drafting the manuscript or revising it critically 
for important intellectual content; and 3) have given final approval of the version to be published. Each author should have 
participated sufficiently in the work to take public responsibility for appropriate portions of the content. Acquisition of funding, 
collection of data, or general supervision of the research group, alone, does not justify authorship. 
We suggest the following format (please use initials to refer to each author's contribution): AB carried out the molecular genetic 
studies, participated in the sequence alignment and drafted the manuscript. JY carried out the immunoassays. MT participated in 
the sequence alignment. ES participated in the design of the study and performed the statistical analysis. FG conceived of the 
study, and participated in its design and coordination and helped to draft the manuscript. All authors read and approved the final 
manuscript. For authors that equally participated in a study please write 'All/Both authors contributed equally to this work.' 
Contributors who do not meet the criteria for authorship should be listed in an acknowledgements section. 
Competing Interests 
Competing interests that might interfere with the objective presentation of the research findings contained in the manuscript 
should be declared in a paragraph heading "Competing interests" (after Acknowledgement section and before References). 
Examples of competing interests are ownership of stock in a company, commercial grants, board membership, etc. If there is no 
competing interest, please use the statement "The authors declare that they have no competing interests.". 
Online Journal of Animal and Feed Research adheres to the definition of authorship set up by the International Committee of 
Medical Journal Editors (ICMJE). According to the ICMJE authorship criteria should be based on 1) substantial contributions to 



i | P a g e 

conception and design of, or acquisition of data or analysis and interpretation of data, 2) drafting the article or revising it critically 
for important intellectual content and 3) final approval of the version to be published. Authors should meet conditions 1, 2 and 3. 
It is a requirement that all authors have been accredited as appropriate upon submission of the manuscript. Contributors who do 
not qualify as authors should be mentioned under Acknowledgements.  
Change in authorship 
We do not allow any change in authorship after provisional acceptance. We cannot allow any addition, deletion or change in the 
sequence of author names. We have this policy to prevent fraud. 

Acknowledgements 
We strongly encourage you to include an Acknowledgements section between the Authors’ contributions section and Reference list. 
Please acknowledge anyone who contributed towards the study by making substantial contributions to conception, design, 
acquisition of data, or analysis and interpretation of data, or who was involved in drafting the manuscript or revising it critically for 
important intellectual content, but who does not meet the criteria for authorship. Please also include their source(s) of funding. 
Please also acknowledge anyone who contributed materials essential for the study. Authors should obtain permission to 
acknowledge from all those mentioned in the Acknowledgements. Please list the source(s) of funding for the study, for each 
author, and for the manuscript preparation in the acknowledgements section. Authors must describe the role of the funding body, 
if any, in study design; in the collection, analysis, and interpretation of data; in the writing of the manuscript; and in the decision 
to submit the manuscript for publication. 
Data deposition 
Nucleic acid sequences, protein sequences, and atomic coordinates should be deposited in an appropriate database in time for the 
accession number to be included in the published article. In computational studies where the sequence information is unacceptable 
for inclusion in databases because of lack of experimental validation, the sequences must be published as an additional file with 
the article. 

 

REFERENCES 

OJAFR initially accepts the manuscripts in PDF, Word or TeX/LaTeX formats; Word files are preferred, especially those prepared 
using EndNote®. However, our team will reformat the articles of non-EndNote users via EndNote in Galley proof stage, if 
accepted. 
 

An OJAFR reference style for EndNote may be found here.  
How to install additional styles? Please click here 
How to turn on "Jumping" from a citation to the bibliography? Please click here 
 

1. All references to publications made in the text should be presented in a list with their full bibliographical description. 
2. In the text, a reference identified by means of an author‘s name should be followed by the date of the reference in 

parentheses. When there are more than two authors, only the first author‘s surname should be mentioned, followed by ’et al‘. 
In the event that an author cited has had two or more works published during the same year, the reference, both in the text 
and in the reference list, should be identified by a lowercase letter like ’a‘ and ’b‘ after the date to distinguish the works. 

3. References in the text should be arranged chronologically (e.g. Kelebeni, 1983; Usman and Smith, 1992 and Agindotan et al., 
2003). 'et al.' should not be italic. The list of references should be arranged alphabetically on author's surnames, and 
chronologically per author. If an author's name in the list is also mentioned with co-authors, the following order should be 
used: Publications of the single author, arranged according to publication dates - publications of the same author with one co-
author - publications of the author with more than one co-author. Publications by the same author(s) in the same year should 
be listed as 1992a, l992b,etc. 

4. Names of authors and titles of journals published in non-latin alphabets should be transliterated in English. 
5. A sample of standard reference is "1st Author surname A, 2nd Author surname B and 3rd Author surname C (2013). Article title 

should be regular, in sentence case form, and 9 pt. Online Journal of Animal and Feed Research, Volume No. (Issue No.): 00-
00."  (Journal titles should be full and not italic.) 

6. If available please add DOI numbers or the link of articles at the end of each reference. 
 
Examples (at the text) 
Abayomi (2000), Agindotan et al. (2003), (Kelebeni, 1983), (Usman and Smith, 1992), (Chege, 1998; Chukwura, 1987a,b; Tijani, 
1993,1995), (Kumasi et al., 2001). 
 

Examples (at references section) 
 

a) For journal 

Graulet B (2014). Ruminant milk: A source of vitamins in human nutrition. Animal Frontiers, 4(2):24-30. Link, DOI 

Miller BA and Lu CD (2019). Current status of global dairy goat production: An overview. Asian-Australasian Journal of Animal 
Sciences, 32(8): 1219. Link, DOI  

Xu P, Zhang Z, Peng P, Yang J, Li X, Yuan T, et al. (2022). Study on vacuum drying kinetics and processing of the Lonicera 
japonica Thunb. aqueous extracts. LWT - Food Science and Technology. 167: 1-9. Link, DOI 

 

b) For symposia reports and abstracts 
Cruz EM, Almatar S, Aludul EK and Al-Yaqout A (2000). Preliminary Studies on the Performance and Feeding Behaviour of Silver 

Pomfret (Pampus argentens euphrasen) Fingerlings fed with Commercial Feed and Reared in Fibreglass Tanks. Asian Fisheries 
Society Manila, Philippine, 13: 191-199. Link, DOI 

 

c) For edited symposia, special issues, etc., published in a journal 
Korevaar H (1992). The nitrogen balance on intensive Dutch dairy farms: a review. In: A. A. Jongebreur et al. (Editors), Effects of 

Cattle and Pig Production Systems on the Environment: Livestock Production Science, 31: 17-27. Link, DOI 
 

d) For books 
AOAC (1990). Association of Official Analytical Chemists. Official Methods of Analysis, 15th Edition. Washington D.C. pp. 69-88. 

Link, DOI 

Pelczar JR, Harley JP, Klein DA (1993). Microbiology: Concepts and Applications. McGraw-Hill Inc., New York, pp. 591-603. Link, 
DOI 

https://endnote.com/wp-content/uploads/m/pdf/enx7-mac-qrg.pdf
http://www.science-line.com/EndNote/Online%20J%20Anim%20Feed%20Res-Scienceline.ens
http://www.science-line.com/EndNote/Online%20J%20Anim%20Feed%20Res-Scienceline.ens
https://ojafr.com/main/index.php?option=com_content&view=article&id=90&Itemid=161
https://ojafr.com/main/index.php?option=com_content&view=article&id=90&Itemid=161


j | P a g e 

e) Books, containing sections written by different authors 
Kunev M (1979). Pig Fattening. In: A. Alexiev (Editor), Farm Animal Feeding. Vol. III. Feeding of Different Animal Species, 

Zemizdat, Sofia, p. 233-243 (Bg). Link, DOI 
 

In referring to a personal communication the two words are followed by the year, e.g. (Brown, J. M., personal communication, 
1982). In this case initials are given in the text. Where available, URLs for the references should be provided.  
 

Formulae, numbers and symbols 

1. Typewritten formulae are preferred. Subscripts and superscripts are important. Check disparities between zero (0) and the 
letter O (0 vs. O), and between one (1) and the letter I (1 vs. I). 

2. Describe all symbols immediately after the equation in which they are first used. 
3. For simple fractions, use the solidus (/), e.g. 10 /38. 
4. Equations should be presented into parentheses on the right-hand side, in tandem. 
5. Levels of statistical significance which can be used without further explanations are *P <0.05, **P <0.01, and ***P <0.001. 
6. In the English articles, a decimal point should be used instead of a decimal comma.  
7. Use Symbol fonts for "±"; "≤" and "≥" (avoid underline). 
8. In chemical formulae, valence of ions should be given, e.g. Ca2+ and CO32-, not as Ca++ or CO3. 
9. Numbers up to 10 should be written in the text by words. Numbers above 1000 are recommended to be given as 10 powered 

x. 
10. Greek letters should be explained in the margins with their names as follows: Αα - alpha, Ββ - beta, Γγ - gamma, Δδ - delta, 

Εε - epsilon, Ζζ - zeta, Ηη - eta, Θθ - theta, Ιι - iota, Κκ - kappa, Λλ - lambda, Μμ - mu, Νν - nu, Ξξ - xi, Οο - omicron, Ππ - 
pi, Ρρ - rho, Σσ - sigma, Ττ - tau, Υυ - ipsilon, Φφ - phi, Χχ - chi, Ψψ - psi, Ωω - omega. Please avoid using math equations in 
Word whenever possible, as they have to be replaced by images in xml full text. 

 
Abbreviations 
Abbreviations should be presented in one paragraph, in the format: "term: definition". Please separate the items by ";".  
E.g. ANN: artificial neural network; CFS: closed form solution; .... 

 
Graphical Abstract 
Authors of accepted articles should provide a graphical abstract (a beautifully 
designed feature figure) to represent the paper aiming to catch the attention and 
interest of readers. Graphical abstract will be published online in the table of 
content. The graphical abstract should be colored, and kept within an area of 12 
cm (width) × 6 cm (height) or with similar format. Image should have a minimum 
resolution of 300 dpi and line art 1200dpi.  
Note: Height of the image should be no more than the width. Please avoid putting 
too much information into the graphical abstract as it occupies only a small space. 
Authors can provide the graphical abstract in the format of PDF, Word, PowerPoint, 
jpg, or png, after a manuscript is accepted for publication.  
If you have decided to provide a Professional Graphical Abstract, please click here. 
 

Review/Decisions/Processing 

 
Firstly, all manuscripts will be checked by one of the plagiarism finding tools (iThenticate and or Turnitin). A double-blind reviewing 
model is used by OJAFR for non-plagiarized papers. The manuscript is edited by the English language editor and checked by at 
least 2 reviewers at least 2 reviewers who are not part of the journal’s editorial staff and mostly suggested by section editors. 
Manuscripts that are judged to be of insufficient quality or unlikely to be competitive enough for publication are returned to the 

authors at the initial stage.  
 
We always try to avoid delays in the reviewing process, but it relies on the time and cooperation of the referees that works without 
any remuneration, hence, it may take 2 weeks to 2 months. One unfavorable review means that the paper will not be published 
and possible decisions are: accept as is, minor revision, major revision, or reject.  The corresponding authors should submit back 
their revisions within 14 days in the case of minor revision, or 30 days in the case of major revision.  

To submit a revision please click here, fill out the form, and mark " Revised", mention the article code (for example OJAFR-

1108), attach the revision (MS word) and continue submission. Manuscripts with significant results are typically reviewed and 
published at the highest priority. After review and editing the article, a final formatted proof is sent to the corresponding author 
once again to apply all suggested corrections during the article process. The editor who received the final revisions from the 
corresponding authors shall not be held responsible for any mistakes shown in the final publication. Manuscripts with significant 
results are typically reviewed and published at the highest priority. 
 
Language editing 
No paper will be rejected for poor language. However, if you would like assistance with writing your manuscript, you can consider 
asking colleagues for their input and/or use a professional editing service such as those provided by our affiliates American Journal 
Experts (USA) and or London Proofreaders (UK). In addition, we may offer a Scienceline service (English editing, additional 
scientific editing, and translation) in a modest fee, for those articles that are in the revision stage, upon request. For more 
information please visit here. The use of a language editing service has no bearing on editorial decisions and is not a requirement 
for publication.  
 
Plagiarism: There is an instant policy towards plagiarism (including self-plagiarism) in our journals. Manuscripts (main text not 
including references list and title page) are screened for plagiarism by iThenticate and or Turnitin with default sensitivity before or 
during publication, and if found they will be rejected at any stage of processing. 
 
Declaration: After the manuscript is accepted for publication, a declaration form will be sent to the corresponding author who is 
responsible for coauthors' agreements to publication of submitted work in OJAFR after any amendments arising from the peer 
review. All the authors should also approve any change in authorship (i.e., adding, removing or reordering existing authors) after 
initial submission. Authors should determine the order of authorship among themselves. In addition, any alterations must be 

http://www.ojafr.ir/main/index.php?option=com_content&view=article&id=128&Itemid=134
https://www.ithenticate.com/
https://www.turnitin.com.au/login
https://ojafr.com/main/index.php?option=com_content&view=article&id=51&Itemid=88
https://www.aje.com/
https://www.aje.com/
https://londonproofreaders.co.uk/
https://science-line.com/index/index.php?option=com_content&view=article&id=35&Itemid=200
https://www.ithenticate.com/
https://www.turnitin.com.au/login
https://ojafr.com/main/attachments/article/52/Declaration%20form.doc
https://ojafr.ir/main/images/stories/2020/1177-_oil_and_fat_collection_across_Asia-Pacific.jpg


k | P a g e 

clarified to the Editor/Editor-in-chief via the Authorship Agreement Form. For more information please read Authorship and 
Authors' Responsibilities. 
 
Date of issue 
All accepted articles are published bimonthly around 25th of January, March, May, July, September and November, each year in 
full text on the Internet.  

 
Publication charges 
The publication costs are covered through article processing charges (APCs) and No submission fee, or any other processing fees 
are required for the publication of the accepted article. There is a modest APC of 180 Euro(€) editor fee for the processing of each 
primary accepted paper (1000-4000 words) to encourage high-quality submissions. APCs are only charged for articles that pass 
the pre-publication checks and are ready to be published. A surcharge will be placed on any article that is over 4000 words in 
length to cover the additional processing costs. We encourage the authors to submit manuscripts with no more than 4000 words 
(not including Abstract, Methods, References and figure legends). Payment can be made by credit card, bank transfer, money 
order or check. Instruction for payment is sent during the publication process as soon as the manuscript is accepted. Meanwhile, 
this journal encourages the academic institutions in low-income countries to publish high quality scientific results, free of charge. 

 
WORD COUNT PRICE* 
1000-4000 words (medium article) €180 
over 4000 words (long article) €280 

* The prices are valid until 30th December 2024. 
 
 
The Waiver policy 

The submission fee will be waived for invited authors, authors of hot papers, and corresponding authors who are editorial board 
members of the Online Journal of Animal and Feed Research. The Journal will consider requests to waive the fee for cases of 
financial hardship (for high quality manuscripts and upon acceptance for publication). Requests for waiver of the submission fee 
must be submitted via individual cover letter by the corresponding author and cosigned by an appropriate institutional official to 
verify that no institutional or grant funds are available for the payment of the fee. Letters including the manuscript title and 
manuscript ID number should be sent to editors@ojafr.com. It is expected that waiver requests will be processed and authors will 
be notified within two business day.  
 
The OA policy 
Online Journal of Animal and Feed Research is an Open Access journal which means that all content is freely available without 
charge to the user or his/her institution. Users are allowed to read, download, copy, distribute, print, search, or link to the full 
texts of the articles, or use them for any other lawful purpose, without asking prior permission from the publisher or the author. 
This is in accordance with the BOAI definition of Open Access. 
 

 
Scienceline Language Editing Services 

We suggest that authors whose first language is not English have their manuscripts checked by a native English speaker before 

submission. This is optional, but will help to ensure that any submissions that reach peer review can be judged exclusively on 

academic merit. We offer a Scienceline service, and suggest that authors contact as appropriate. Please note that use of language 

editing services is voluntary, and at the author’s own expense. Use of these services does not guarantee that the manuscript will 

be accepted for publication, nor does it restrict the author to submitting to Scienceline journals. You can send the article/s to the 

following Emails: administrator@science-line.com ; info@science-line.com  

For more information about editing services please visit here. 

 

Submission Preparation Checklist   
Authors are required to check off their submission's compliance with all of the following items, and submissions may be returned to 
authors that do not adhere to the following guidelines:   

 The submission has not been previously published, nor is it before another journal for consideration (or an explanation has been 
provided in -Comments to the Editor).     

 The submission file is in Microsoft Word, RTF, or PDF document file format.      

 Where available, URLs for the references have been provided.      

 The text is double-spaced; uses a 12-point font; and all illustrations, figures, and tables are placed within the text at the 

appropriate points, rather than at the end.      

 The text adheres to the stylistic and bibliographic requirements outlined in the Author Guidelines.     

 
 
                                                                                                        ABOUT US       |      CONTACT US      |     PRIVACY POLICY 

 

Scienceline Publication, Ltd. 

Ömer Nasuhi Bilmen Road, Dönmez Apart., G Block, No: 1/6, Yakutiye, Erzurum/25100, TURKEY 

Phone: +90 538 770 8824 (TURKEY) 

Homepage: www.science-line.com 
Emails: administrator@science-line.com ; saeid.azar@atauni.edu.tr 

http://www.science-line.com/index/
https://ojafr.com/main/attachments/article/52/Authorship%20Agreement%20Form%20For%20OJAFR.doc
https://ojafr.com/main/index.php?option=com_content&view=article&id=160&Itemid=172
https://ojafr.com/main/index.php?option=com_content&view=article&id=160&Itemid=172
http://www.budapestopenaccessinitiative.org/
mailto:administrator@science-line.com
mailto:info@science-line.com
https://science-line.com/index/index.php?option=com_content&view=article&id=35&Itemid=200
http://www.science-line.com/index/
http://www.science-line.com/index/index.php?option=com_content&view=article&id=10&Itemid=10
http://www.science-line.com/index/index.php?option=com_content&view=article&id=17&Itemid=16
http://www.science-line.com/
mailto:administrator@science-line.com


 

Scienceline Publication Ltd. is a limited liability non-profit non-stock corporation incorporated in Turkey (Company No. 
0757086921600001). Scienceline journals that concurrently belong to many societies, universities and research institutes, 
publishes internationally peer-reviewed open access articles and believe in sharing of new scientific knowledge and vital 
research in the fields of life and natural sciences, animal sciences, engineering, art, linguistic, management, social and 
economic sciences all over the world. Scienceline journals include: 
. 

Online Journal of Animal and 
Feed Research  

Journal of Civil Engineering and 
Urbanism  

Journal of Life Sciences and 
Biomedicine 

Asian Journal of Medical and 
Pharmaceutical Researches 

 
ISSN 2228-7701; Bi-monthly 
View Journal l  Editorial Board 
Email: editors@ojafr.ir 
Submit Online >> 

 
ISSN 2252-0430; Bi-monthly 
View Journal  I  Editorial Board 
Email: ojceu@ojceu.ir 
Submit Online >> 

 
ISSN: 2251-9939; Bi-monthly 
View Journal  I  Editorial Board 
Email: editors@jlsb.science-line.com 
Submit Online >> 

 
ISSN: 2322-4789; Quarterly 
View Journal  I  Editorial Board 
Email: editor@ajmpr.science-line.com 
Submit Online >> 

. 
   

Journal of World's Poultry 
Research 

World's Veterinary Journal  

Journal of Educational and 
Management Studies  

Journal of World's Electrical 
Engineering and Technology  

 
ISSN: 2322-455X; Quarterly  
View Journal  I  Editorial Board 
Email: editor@jwpr.science-line.com 
Submit Online >> 

 
ISSN: 2322-4568; Quarterly  
View Journal  I  Editorial Board 
Email: editor@wvj.science-line.com  
Submit Online >> 

 
ISSN: 2322-4770; Quarterly  
View Journal  I  Editorial Board 
Email: info@jems.science-line.com  
Submit Online >> 

 
ISSN: 2322-5114; Irregular  
View Journal  I  Editorial Board 
Email: editor@jweet.science-line.com  
Submit Online >> 

. 
   

Journal of Art and Architecture 
Studies 

Asian Journal of Social and 
Economic Sciences  

Journal of Applied Business  
and Finance Researches 

Scientific Journal of Mechanical 
and Industrial Engineering  

 
ISSN: 2383-1553; Irregular  
View Journal  I  Editorial Board  
Email: jaas@science-line.com 
Submit Online >> 

 
ISSN: 2383-0948; Quarterly 
View Journal  I  Editorial Board 
Email: ajses@science-line.com  
Submit Online >> 

 
ISSN: 2382-9907; Quarterly 
View Journal  I  Editorial Board 
Email: jabfr@science-line.com  
Submit Online >> 

 
ISSN: 2383-0980; Quarterly 
View Journal  I  Editorial Board 
Email: sjmie@science-line.com  
Submit Online >> 

. 
   

 

Scienceline is a non-profit organisation inspired by research funders and led by scholars. 
Our mission is to help researchers accelerate discovery and innovation by operating a 
platform for research communication that encourages and recognises the most responsible 
behaviours in science. 
 

Scienceline Publications, Ltd is a limited liability non-profit non-stock corporation registered 
in the State of Erzurum, Turkey, with company number 0757086921600001, and branch 
number 18677/25379 at the address: Scienceline Publications, Ltd., Ömer Nasuhi Bilmen 
Road, Dönmez Apart., G1/6, Yakutiye, Erzurum 25100, Turkey 

ABOUT 

LEADERSHIP 

AIMS AND SCOPE 

PUBLISHING ETHICS 

POLICIES 

TERMS AND CONDITIONS 

CONTACT US 

SCIENCELINE PUBLISHING CORPORATION 

 

http://www.ojafr.ir/main/
http://www.ojafr.ir/main/
http://www.ojceu.ir/
http://www.ojceu.ir/
http://jlsb.science-line.com/
http://jlsb.science-line.com/
http://ajmpr.science-line.com/
http://ajmpr.science-line.com/
http://www.ojafr.ir/main/
http://www.ojafr.ir/main/index.php?option=com_content&view=article&id=53&Itemid=59
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.ojceu.ir/main/
http://www.ojceu.ir/main/index.php?option=com_content&view=article&id=8&Itemid=7
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://jlsb.science-line.com/
http://jlsb.science-line.com/index.php?option=com_content&view=article&id=5&Itemid=6
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://ajmpr.science-line.com/
http://ajmpr.science-line.com/index.php?option=com_content&view=article&id=2&Itemid=5
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://jwpr.science-line.com/
http://jwpr.science-line.com/
http://wvj.science-line.com/
http://jems.science-line.com/
http://jems.science-line.com/
http://www.jweet.science-line.com/
http://www.jweet.science-line.com/
http://jwpr.science-line.com/
http://jwpr.science-line.com/index.php?option=com_content&view=article&id=10&Itemid=6
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://wvj.science-line.com/
http://wvj.science-line.com/index.php?option=com_content&view=article&id=15&Itemid=6
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://jems.science-line.com/
http://jems.science-line.com/index.php?option=com_content&view=article&id=5&Itemid=6&lang=en
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.jweet.science-line.com/
http://www.jweet.science-line.com/index.php?option=com_content&view=article&id=5&Itemid=6
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://jaas.science-line.com/
http://jaas.science-line.com/
http://ajses.science-line.com/
http://ajses.science-line.com/
http://sjmie.science-line.com/
http://sjmie.science-line.com/
http://jaas.science-line.com/
http://jaas.science-line.com/index.php?option=com_content&view=article&id=5&Itemid=6
http://jaas.science-line.com/index.php?option=com_content&view=article&id=5&Itemid=6
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://ajses.science-line.com/
http://jabfr.science-line.com/
http://jabfr.science-line.com/
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://jabfr.science-line.com/
http://jabfr.science-line.com/index.php/editorial-board
http://jabfr.science-line.com/index.php/editorial-board
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://sjmie.science-line.com/
http://sjmie.science-line.com/index.php?option=com_content&view=article&id=2&Itemid=3
http://sjmie.science-line.com/index.php?option=com_content&view=article&id=2&Itemid=3
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=19&Itemid=119
http://www.ojafr.ir/main/
http://www.ojceu.ir/
mailto:http://jlsb.science-line.com/
http://ajmpr.science-line.com/
http://jwpr.science-line.com/
http://wvj.science-line.com/
http://www.jweet.science-line.com/
http://jaas.science-line.com/
http://ajses.science-line.com/
http://jabfr.science-line.com/
http://sjmie.science-line.com/
https://science-line.com/index/index.php?option=com_content&view=article&id=25&Itemid=153
https://science-line.com/index/index.php?option=com_content&view=article&id=14&Itemid=150
https://science-line.com/index/index.php?option=com_content&view=article&id=26&Itemid=147
https://science-line.com/index/index.php?option=com_content&view=article&id=17&Itemid=151
https://science-line.com/index/index.php?option=com_content&view=article&id=30&Itemid=166
https://science-line.com/index/index.php?option=com_content&view=article&id=24&Itemid=149
https://science-line.com/index/index.php?option=com_content&view=article&id=10&Itemid=10

