
Volume 3, Issue 2, March 2013 
 

 

 

 

 

 

 

 
 

 

 
 

An International Peer-Reviewed Journal which Publishes in Electronic Format  

 

 
 

Online Journal of Animal and Feed Research 



 

 

 

 

 

 

 
 
 

Online J. Anim. Feed Res., Volume 3, Issue 2: pp. 87-120; March 2013 
 

Editorial team of OJAFR: 
Administrator 
Saeid Chekani Azar, 
Dep. Anim. Sci., Facult. Vet. Med., Atatürk Univ., Erzurum, TURKEY 
Managing Editor 
Alireza Lotfi, 
Dep. Anim. Sci., Islamic Azad University, Shabestar, IRAN 
Editor-in-Chief 
Habib Aghdam Shahryar, 
Dep. Anim. Sci., Islamic Azad University, Shabestar, IRAN 
(Assistant Prof., Nutrition - Non Ruminants) 
Executive Editor 
Mehrdad Ehsani-Zad, 
MA in TEFL, Islamic Azad University, Takestan Branch, Takestan, IRAN 

Editorial Board (A-Z)  
 
Section Editors (SE) 
Ahmad Yildiz, 
Dep. Animal Science and Production, Facult. Vet. Med., Atatürk University, Erzurum, TURKEY 
Ph.D., Associate Prof., Nutrition - Ruminants 
Akbar Taghizadeh 
Dep. Anim. Sci., Tabriz University, Tabriz, IRAN 
Ph.D. Associate Prof., Nutrition - Ruminants  
Ali Halajian 
Dep. Biodiversity, School of Molecular and Life Sciences, Faculty of Science and Agriculture, University of Limpopo, SOUTH AFRICA 
Ph.D. D.V.M., Professor of Parasitology 
Ali Nobakht  
Dep. Anim. Sci., I.A.U., Maragheh, IRAN 
Ph.D., Assistant Prof., Nutrition - Non-Ruminants 
Alireza Ahmadzadeh, 
Dep. Anim. Sci., I.A.U., Shabestar, IRAN 
Ph.D., Assistant Prof., Biometry - Plant Breeding (Biotechnology 
Alireza Safamehr 
Dep. Anim. Sci., I.A.U., Maragheh, IRAN 
Ph.D., Associate Prof., Nutrition - Non-Ruminants 
Alireza Lotfi, 
Dep. Anim. Sci., I.A.U., Shabestar, IRAN 
Physiology, Food Science and Technology 
Ekrem LAÇİN, 
Dep. Animal Science and Production, Facult. Vet. Med., Atatürk University, Erzurum, TURKEY 
Ph.D., Associate Prof., Nutrition - Non-Ruminants 
Fikret Çelebi  
Dep. Physiology, Facult. Vet. Med., Atatürk University, Erzurum, TURKEY 
Ph.D., Prof., Physiology and Functional Biology of Systems 
Isaac Karimi 
Department of Basic Sciences, School of Veterinary Medicine, Razi University, IRAN 
DVM, DVSc, Assistant Prof., Veterinary Physiology 
Hamid Mohammadzadeh 
Department of Animal Science, Faculty of Agriculture, University of Tabriz, Tabriz, IRAN 
Ph.D., Assistant Prof., Nutrition - Ruminants, Silage and silage additives, Carbohydrate fermentation, Microbial diversity in rumen and feces, 
Non-forage fiber sources, By-products 
Manish Kumar 
Society of Education (SOE), India 
Prof. Dr. Pharmacology, Ethnomedicine  
Hamid Reza Gheisari 
Academic staff, Dep. Food Hygiene, School of Vet. Med., Shiraz Univ., Shiraz, IRAN 
Ph.D., Assistant Prof., Biostatistics, Vet. Epidemiology, Food microbiology, Food chemistry and Meat Science. Dairy Science 
Hazim Jabbar Al-Daraji,  
University of Baghdad, College of Agriculture, Abu-Ghraib, Baghdad, IRAQ 
PhD, Professor of Avian Reproduction and Physiolgy 
John Cassius Moreki 
Ph.D., Department of Animal Science and Production, Botswana College of Agriculture, Gaborone, BOTSWANA 



Nutrition - Non-Ruminants, Breeders, Nutritive value and utilization of feeds, Livestock management 
Mohammed Yousuf Kurtu 
Animal Sciences Department, Haramaya University, Dire-Dawa, ETHIOPIA 
Associate Prof., Animal Science, Nutrition 
Khalid Mohammed Elamin Osman 
Department of Animal breeding, Faculty of Animal Production, University of Gezir, SUDAN 
Ph.D., Assistant Prof., Non-Ruminants, Genetics and Animal breeding, Mathematical models, analytical and experimental methods of feed 
evaluation, Animal-feed interactions. 
Naser Maheri Sis, 
Dep. Anim. Sci., I.A.U., Shabestar, IRAN 
Ph.D., Assistant Prof., Nutrition - Ruminants, Nutritive Value, Utilization of Feeds 
Nilüfer SABUNCUOĞLU ÇOBAN, 
Dep. Animal Science and Production, Facult. Vet. Med., Atatürk University, Erzurum, TURKEY 
Ph.D., Associate Prof., Animal Hygiene, Physiology, Animal Welfare 
Osman Erganiş, 
Dep. Microbiology, Facult. Vet. Med., Selcuk University, Konya, TURKEY 
Ph.D., Prof., Food Safety, Physiology and Functional Biology of Systems 
Ömer ÇOBAN, 
Dep. Animal Science and Production, Facult. Vet. Med., Atatürk University, Erzurum, TURKEY 
Ph.D., Associate Prof., Nutrition - Ruminants 
Paola Roncada 
Department of Veterinary Medical Sciences, Facult. of Veterinary Medicine, University of Bologna, ITALY 
Ph.D., Associate Prof., Veterinary Pharmacology and Toxicology, Pharmacokinetics, Residues of mycotoxins in feed, in food and in food 
producing species, Residue depletion studies 
Saeid Chekani Azar, 
Dep. Anim. Sci., Facult. Vet. Med., Atatürk University, Erzurum, TURKEY 
Dep. Anim. Sci., Islamic Azad University (I.A.U.), Shabestar, IRAN 
Product Quality, Physiology, Human Health and Well-Being, 
Shahin Eghbal-Saeid, 
Dep. Anim. Sci., I.A.U., Khorasgan (Isfahan), IRAN 
Ph.D., Assiociate Prof., Animal Genetics and Breeding 
Tohid Vahdatpour, 
Dep. Physiology, Facult. Vet. Med., I.A.U., Shabestar, IRAN 
Ph.D., Assistant Prof., Physiology and Functional Biology of Systems 
Vassilis Papatsiros 
Dep. Medicine (Porcine Medicine), Faculty of Veterinary Medicine, University of Thessaly, Trikalon str 224, GR 43100, GREECE 
Dietary input, Animal and Feed interactions 
Valiollah Palangi,  
Dep. Anim. Sci., Islamic Azad University (I.A.U.), Maragheh, IRAN 
Nutrition-Ruminants 
Wafaa Abd El-Ghany Abd El-Ghany, 
Poultry and Rabbit Diseases Department, Faculty of Veterinary Medicine, Cairo University, Giza, EGYPT 
PhD, Assiociate Prof., Poultry and Rabbit Diseases 
Yousef Mehmannavaz 
Dep. Anim. Sci., I.A.U., Maragheh, IRAN 
Ph.D., Assistant Prof., Animal Genetics and Breeding 
Zohreh Yousefi 
Faculty of Biological Sciences, Shahid Beheshti University, Tehran, IRAN 
Biology, Botanical Biosystematic (MSc), Plant Genetic (PhD student) 
Wesley Lyeverton Correia Ribeiro 
Medicine, State University of Ceará, Av. Paranjana, 1700, Fortaleza, BRAZIL 
MSc, DVM, Animal Health, Veterinary Parasitology, and Public Health, Animal welfare and Behavior, College of Veterinary  
 
Deputy Section Editors (DSE, Reviewers) 
Arda Yildirim 
Department of Animal Science, Faculty of Agriculture, Gaziosmanpasa University, 60240 Tokatö TURKEY 
Ph.D., Assistant Prof., Animal Science, Nutrition-non Ruminants, Breeding, Nutritive Value, Utilization of Feeds 
Behzad Shokati 
Department of Agronomy and Plant Breeding, Faculty of Agriculture, University of Maragheh, Maragheh, IRAN 
Agriculture: Environment, Nutritive value and utilization of feeds 
FARHAD AHMADI 
Dep. Anim. Sci., I.A.U., Shabestar, IRAN 
Nutrition-non Ruminants, Applied particles of Nanosilver in poultry production, Additives, Immune system,  Nutrient digestibility 
Ferdaus Mohd. Altaf Hossain 
Sylhet Agricultural University, Bangladesh; not shah Jalal University of Science & Technology, BANGLADESH 
D.V.M, Microbiology, Immunology, Poultry Science, and Public Health 
Ibrahim Bushara Mohammed Ibrahim 
Animal Production Department, Faculty of Agricultural Sciences , Dalanj University, SUDAN 
Animal Science, Nutrition-non Ruminants, Nutritive Value, Utilization of Feeds  
Mutaz Saeed Babiker Mahmoud 
Dep. Poult. Prod., Facult. Anim. Prod., University of Gezira, SUDAN. 
Non Ruminants 
Murtada Babiker Mohamed Elemam 
Department of Animal Production, Faculty of Agriculture and Natural Resources, University of Kassala, P.O. Box 12, New Halfa, SUDAN. 
Ph.D. Nutrition - Ruminants (Ruminant Nutrition, Microbes and Physiology) 
Navid Hosseini Mansoub, 
Dep. Anim. Sci., I.A.U., Maragheh, IRAN 
DVM, Pathology  
Raga Mohamed Elzaki Ali 
Dep. Rural Economics and Development, Faculty of Animal production- Managil, University of Gezira, SUDAN. 
Ph.D., Assistant Prof., Animal-feed interactions, Nutritive value and utilization of feeds 
Peter Asiedu 



Council for Scientific and Industrial Research (CSIR), Animal Research Institute (ARI), Box AH 20, Achimota-Accra, GHANA 
M.Phil., Animal Nutrition and Management 
Shahin Hassanpour 
Dep. Physiology, Facult. Vet. Med., I.A.U., Shabestar, IRAN 
Physiology and Functional Biology of Systems 
Terry Ansah 
Ph.D. student, University for Development Studies-Ghana and Harper Adams University College, UNITED KINGDOME 
Nutrition - Ruminants 
Yadollah Bahrami, 
Dep. Anim. Sci., I.A.U., Khorasgan (Isfahan), IRAN 
Ph.D. Student, Nutrition - Non-Ruminants 
Tarlan Farahvash 
Dep. Anim. Sci., I.A.U., Khorasgan (Isfahan), IRAN 
Tarbiat Modares University, Tehran, IRAN 
Ph.D. Student, Animal Genetic and Breeding 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table of Contents, March 2013 

Research Title / 
Graphical Abstract 

 

Article Information / 
Abstract 

Download 

Effect of different salt 
concentration on total 

Bacterial count and heavy 
metal Composition of the 

Fish Hydrocynus spp. 

 

 

Original Research, C17 
Abbas Bakhiet H.H. and Khogalie F.A.E.  

Online J. Anim. Feed Res., 3(2): 87-90, 2013.  
ABSTRACT: This piece of work was done in an attempt to evaluate the issue of the 
traditional fish salting practice in the Sudan. Fassiekh was selected as one of the 
widely consumed salted fish product, of great preference among Sudanese 
consumers. The study was directed towards the study of the heavy metal 
concentration and the microbiological analysis of fresh fish and fassiekh to compare 
the effect of the different salt concentrations. One kind of fish species preferable by 
Sudanese consumers in fasseikh making was selected for this study namely 
hydrocynus spp (kass). Samples were taken from Elmawrada fish market, and 
subjected to three salt concentration levels (15%, 20%and 25%) by weight to achieve 
the goals of the study. Fresh fish were carefully handled throughout the preparation 
process; they were eviscerated and cleaned up and divided in to two groups then three 
sup groups to be treated with different salt concentration. After the fermentation 
process sample were taken to do the heavy metal concentration analysis and 
microbiological analysis. It was observed that the heavy metal (Arsenic, Cadmium and 
lead) concentration were not significant. But the microbiological analysis result showed 
significant decrease in total bacterial count in all concentrations. 
Key words: Heavy Metal, Bacteria, Fish, Salt. 
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replacement groundnut meal, 
sesame meal on broiler 
performance and blood 

constituents 

 

 

Original Research, C18 
Algam T.A., Abdel Atti Kh.A., Dousa B.M., Elawad S.M. and Atta Elmanan B.A.  

Online J. Anim. Feed Res., 3(2): 91-95, 2013  
ABSTRACT: This study was conducted to investigate the effect of chickpea seeds on 
performance and blood constituents of broilers. One hundred and twenty eight 
unsexed one day old (Ross) broiler chicks were randomly assigned to Four 
approximately isocaloric and isonitrogenous diets labeled as follows: Diet (F0) 
containing 0% chickpea (control diet), diet (F1) 10% chickpea substitute same levels of 
sesame meal and groundnuts meal, diet (F2) 10% chickpea substitute from 
groundnuts meal only and diet (F3) 10% chickpea substitute from sesame meal only. 
Each treatment had four replicates with 8 birds/replicate. The study lasted for 8 weeks. 
Parameters Measured were feed intake, body weight gain, feed conversion ratio 
(FCR), pre–slaughter weight, dressing percentage, protein efficiency, some blood 
parameters (glucose, cholesterol, triglyceride, total protein, calcium, and phosphorus) 
and profitability. The results showed significant decrease (P<0.05) in feed intake) for 
birds consumed the diets supplemented with chickpeas than control. Body weight gain, 
pre slaughter weight and carcass weight were significantly (P<0.05) greater for birds 
received diet F0 (1527.37g), (1615.49g), (1195.32g) respectively and diet F3 
(1430.80g), (1472.29g), (1072.06g) respectively and lower for birds received diet F2 
(937.71g), (761.58g) and (533.29g) respectively. No significant differences were 
observed in feed conversion ratio and protein efficiency ratio among all dietary 
treatments. Broiler chicks received diet F2 recorded significantly (P<0.05) poorer 
dressing percentage than other treated diets. All the treatments had no significant 
(P>0.05) effect on serum glucose, cholesterol, triglyceride, total protein, calcium and 
inorganic phosphorus levels. Broiler chicks received diet F3 recorded the highest 
profitability than other groups. 
Key words: Chickpeas, Broilers; Performance; Carcass; Characteristics 
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Algeria 

 

 

Original Research, C19 
Kadi S.A., Djellal F., Berchiche M. 

Online J. Anim. Feed Res., 3(2): 96-100, 2013.  
ABSTRACT: In Algeria, the raising of the rabbit for meat develops more and more 
these last years. Several segments of this young sector have been studied as the 
feeding and reproduction. However, the segment of marketing has not been 
approached yet. This paper provides an overview of the rabbit meat marketing system 
in the Tizi-Ouzou area. To meet this objective the descriptive survey method was 
employed, using a structured questionnaire to provide data on commercialization of 
rabbit meat. Butcheries (n=192 ), poulterers (n=49 ), restaurants (n=184 ) and hotels 
(n=11 ) were concerned. Rabbit meat is sold in 8.48% (n=37) of stores visited and do 
not sold in 91.51% (n=399) ones. It’s marketed more cooked (restaurants and hotels) 
than fresh (butcheries and poulterers). 75.44% of respondents who do not sell rabbit 
meat justifies it by the lack of demand and 10.78% (n=43) because of its unavailability. 
Rabbits are bought from producers generally as whole carcasses (86.49%) of about 
1.4 kg. In the butcheries and poulterers, rabbit meat is sold to consumers at an 
average price of 470 DA (1U$=95 DA). 44.56 kg of rabbit meat are sold per week. The 
marketing of this meat is fragmented, inefficient so its distribution chain is 
disorganized. Despite those problems, there are also opportunities for expansion of 
this market. Given the current low levels of consumption of rabbit meat, there is a 
potential for total consumption of this meat to increase substantially as production and 
availability increases. More attention must be given to the market outlets and 
promotions of rabbit meat in Tizi-Ouzou area. 
Key words: Rabbit meat, Marketing, Tizi-Ouzou 
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Nutrient utilization in buffalo 
bulls fed crop residue based 

rations 

 

 

Original Research, C20 
Venkateswarlu S., Srinivas Kumar D. and Narendranath D.  

Online J. Anim. Feed Res., 3(2): 101-105, 2013.  
ABSTRACT: In 4 x 4 LSD, four graded Murrah buffalo bulls (6 yrs; 353 ± 8.26 kg) 
were fed four iso-nitrogenous complete rations comprising of jowar stover (CR1), 
maize stover (CR2), red gram straw (CR3) and black gram straw (CR4) as roughage 
source and concentrate mixture in 60:40 proportion, to study the effect of feeding 
complete rations on nutrient utilization. The DM intake (kg/d) was similar in all the 
groups. The digestibility coefficients of DM, OM, CP, EE, CF, NDF, ADF, Cellulose and 
Hemi-cellulose were significantly (P<0.01) higher in buffalo bulls fed CR2 while NFE 
digestibility was higher (P<0.05) in CR3 when compared to those fed other complete 
rations. All the animals were in positive N, Ca and P balances. Further, the % DCP 
and % TDN were significantly higher (P<0.01) in buffalo bulls fed CR2. It could be 
concluded that maize stover compared to other crop residues could be a superior 
roughage source for inclusion in complete rations for feeding buffalo bulls. 
Key words: Black Gram Straw, Buffalo Bulls, Complete Rations, Jowar Stover, Maize 
Stover, Nutrient Utilization, Red Gram Straw. 
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Features topography and 
macrostructure lymph nodes 

of Camels (Camelus 
dromedarius) 

 

Original Research, C21  
pii: S222877011300021-3 

Gavrylin P, Rahmoun DE, Lieshchova M, Benchadi H. 
Online J. Anim. Feed Res., 3(2): 106-110, 2013.  

ABSTRACT: This study was conducted to investigate the special features of 
topography and macrostructure of some somatic and visceral lymph nodes of the 
dromedary (Camelus dromedarius). The result of the study demonstrated that the 
arrangement and the morphometric characteristics of some lymph nodes of camel 
correspond to the analogical indices of cattle. At the organ level, the lymph nodes of 
camel congregate; they are partially fused. A pattern of spatial orientation of these 
nodes is not established. Lymph nodes of dromedary (Camelus dromedarius) 
according to their topography and linear characteristics in general correspond to the 
similar nodes of cattle. The architecture of the lymph node dromedary (Camelus 
dromedarius) differs from that shown in the conventional patterns of other mammalian 
animals, generally formed of a plurality of aggregates, the latter are surrounded by a 
connective tissue which extends over the whole area surface lymph node and each 
cluster is a node itself. Vascular distribution in these lymphoid aggregates is relatively 
abundant and each node receives one or two afferent lymphatic’s and is drained by 
four or five efferent lymphatic’s. In approximately half of nodes examined, there was 
extra nodal communications between the lymphatic vessels (afferent and efferent), 
allowing to bypass the lymph node.  Lymph nodes are characterized by their 
dromedary lobule appearance and size. 
Key words: Lymph Nodes, Dromedary, Topography, Macrostructure 

 

 

 

 Heamatological and serum 
biochemical characteristics 

of cockerels fed graded 
levels of boiled sorrel seed 

meal 

 

Original Research, C22 
Duwa H., Sale B. and Adegbolah T.A.  

Online J. Anim. Feed Res., 3(2): 111-115, 2013.  
ABSTRACT: The effect of feeding graded levels of boiled sorrel seed meal (BSSM) at 
0,15,30,45 and 60% as replacement for groundnut cake in the diet of 200 seven day 
old chicks of Isa brown x Goldline cockerel on heamatological and serum biochemical 
indices was assessed in a 14week feeding trial. Each treatment consisted of forty birds 
and was replicated four times with 10 birds per replicate in a completely randomized 
design. At the end of the experiment, blood samples were randomly collected from four 
birds in each group for heamatological and blood chemistry studies. BSSM at 60% 
significantly (P<0.05) increased the values of RBC, Hb, WBC, PCV and MCV although 
they were within normal ranges. Total protein and albumin were significantly (P<0.05) 
increased while creatinine was significantly (P<0.05) reduced by higher levels of 
BSSM in the diet. It was concluded that up to 60% of GNC can be replaced by BSSM 
in the diet of cockerels without adverse effects on blood characteristics. 
Key words: Cockerels, Boiled Sorrel Seed Meal, Heamatology, Serum Biochemistry  

 

 

 

The nutritional composition 
and acceptability of cacti 

(Opuntia ficus indica)-legume 
mixed silage  

 

 

Original Research, C23 
Gusha J., Katsande S., Zvinorova P.I. and Ncube S. 

Online J. Anim. Feed Res., 3(2): 116-120, 2013.  
ABSTRACT: The potential of making silage using dry browse legume hay (Acacia 
angustissima, Leucaena leucocephala, Calliandra callothrysus and 
Macroptilium Atropurpureum) mixed with fresh cactus (Opuntia ficus-indica) for winter 
supplementation of veld grass was evaluated using the proximate, tannins and the pH 
analyses. Chemical analysis revealed that N values were significantly increased 
(P<0.05). The N levels were 3.72, 4.5, 4.05, and 2.5% DM for A. angustissima, L. 
leucocephala, C. callothrysus and M. atropurpureum respectively, which were higher 
when compared to silage made from cereals. The NDF and ADF values were slightly 
higher than those reported in literature for cereal silages. The DM level of cactus –
browse silage was very good (41%DM) considering that cactus normally have less 
than 10% DM. The silage pH was within the reported range, ranging from 3.97 to 4.11 
on a pH meter. This was a good indicator of silage quality considering that low pH 
inhibit undesirable microbial activities. The tannins levels were lower in the silages but 
significantly different (P<0.05) between browse legume species. Ensiling lowered the 
tannin levels in the silage compared to the individual browse legume tannin levels. 
This study concluded that purely on compositional laboratory analysis, the legumes 
and cactus can be used to make silage which can be used by farmers during dry 
season. 
Key words: Opuntia ficus indica, Silage, Browse Legumes, Tannins, pH, Nitrogen 

 

 

 

 

 

 

http://www.google.com/imgres?client=firefox-a&rls=org.mozilla:en-US:official&biw=1138&bih=554&tbm=isch&tbnid=CspDPXgaIiYSyM:&imgrefurl=http://www.wildlife-pictures-online.com/buffalo_knp-4869g.html&docid=f4AQXXBvFoEIMM&imgurl=http://www.wildlife-pictures-online.com/image-files/buffalo_knp-4869g.jpg&w=600&h=403&ei=kSd3UabmConD4AOhw4DgCA&zoom=1&ved=1t:3588,r:83,s:0,i:368&iact=rc&dur=974&page=7&tbnh=162&tbnw=274&start=81&ndsp=12&tx=157&ty=57
http://www.ojafr.ir/main/attachments/article/94/Online J. Anim. Feed Res., 3 (2) 101-105.pdf
http://demo.multivio.org/client/
http://www.google.com/imgres?client=firefox-a&rls=org.mozilla:en-US:official&biw=1138&bih=554&tbm=isch&tbnid=EP9C1mYOBu8zyM:&imgrefurl=http://bioweb.uwlax.edu/bio203/s2008/mccabe_jame/&docid=TWo8OtP0kCQzgM&imgurl=http://bioweb.uwlax.edu/bio203/s2008/mccabe_jame/Images/Camelus%2520Dromedary.jpg&w=620&h=480&ei=MSh3UfLODKr84AO16YGgCA&zoom=1&ved=1t:3588,r:0,s:0,i:97&iact=rc&dur=417&page=1&tbnh=180&tbnw=251&start=0&ndsp=9&tx=118&ty=80
http://www.ojafr.ir/main/attachments/article/94/Online J. Anim. Feed Res., 3 (2) 106-110.pdf
http://demo.multivio.org/client/
http://www.ojafr.ir/main/attachments/article/94/Online J. Anim. Feed Res., 3 (2) 111-115.pdf
http://demo.multivio.org/client/
http://www.ojafr.ir/main/attachments/article/94/Online J. Anim. Feed Res., 3 (2) 116-120.pdf
http://demo.multivio.org/client/


 

 

 

 

 
 

 

 

 
Online Journal of Animal and Feed Research (OJAFR) is published in Iran. As an international journal 
we are always striving to add diversity to our editorial board and operations staff. Applicants who have 
previous experience relevant to the position they are applying for may be considered for more senior 
positions (Section Editor, SE) within OJAFR. All other members must begin as Deputy Section Editors 
(DSE) before progressing on to more senior roles. Editor and editorial board members do not receive any 
remuneration. These positions are voluntary. 
If you are currently an undergraduate, M.Sc. or Ph.D. student at university and interested in working for 
OJAFR, please fill out the application form below. Once your filled application form is submitted, the board 
will review your credentials and notify you within a week of an opportunity to membership in editorial board. 
If you are Ph.D., assistant, associate editors, distinguished professor, scholars or publisher of a reputed 
university, please rank the mentioned positions in order of your preference. Please send us a copy of your 
resume (CV) or your Live DNA or briefly discuss any leadership positions and other experiences you have 
had that are relevant to applied Animal and Feed Researches or publications. This includes courses you 
have taken, editing, publishing, web design, layout design, and event planning. 
If you would like to represent the OJAFR at your university, join our volunteer staff today! OJAFR 
representatives assist students at their university to submit their work to the OJAFR.  
You can also, registered as a member of OJAFR for subsequent contacts by email and or invitation for a 
honorary reviewing articles. 

 
Contact us at editors@ojafr.ir or editorojafr@gmail.com  

 
Download OJAFR Application Form:  

 
 
 

 

 

 

 
 

 

Please contact 
  

For your questions or comments about OJAFR with administrator 

By Email: schekani@gmail.com  

. 

For submission of your work, cooperating and recommendations with OJAFR's managing editor 

By Email: editors@ojafr.ir or arlotfi@gmail.com 

. 

For Editorial and Author Enquiries 

Editor-in-Chief (Email):  

h_a_shahryar@yahoo.com 

 

Editorial Boards (Email):  

editors@ojafr.ir 

 

 

 

※   Join OJAFR Team  

※  Contact Information 
 

 
 

http://www.livedna.net/?dna=HTTP/1.0
mailto:editors@ojafr.ir
mailto:editorojafr@gmail.com
http://www.ojafr.ir/main/attachments/article/52/OJAFR%20Application%20Form.doc
http://www.ojafr.ir/main/attachments/article/52/OJAFR Application Form.doc


 

 

Scienceline Publication 
In Turkey (Office): Atatürk University, Yakutiye/ Aziziye, P.O.BOX 25010/25100, Erzurum City/Province, TURKEY 
In Iran: PO BOX 551 (Goddusi Street), Maragheh, East Azerbaijan Province, IRAN 
Telephone: Turkey: +905387708824, Iran: +989144207713 
Fax: +90 421 222 3950 
Email: administrator@science-line.com , scil.publishing@gmail.com 

http://en.wikipedia.org/wiki/Maragheh
mailto:administrator@science-line.com
mailto:scil.publishing@gmail.com


 

87 
To cite this paper: Abbas Bakhiet H.H. and Khogalie F.A.E. 2013. Effect of different salt concentration on total Bacterial count and heavy metal 

composition of the fish Hydrocynus spp. Online J. Anim. Feed Res., 3 (2): 87-90. 

Scienceline/Journal homepages: http://www.science-line.com/index/; http://www.ojafr.ir 

© 2011, Scienceline Publication 

Online Journal of Animal and Feed Research                                                                                            

Volume 3, Issue 2: 87-90 (2013)                                                                                                                                                                     ISSN 2228-7701 

                                                                                                                                                                                      

 

EFFECT OF DIFFERENT SALT CONCENTRATION ON TOTAL BACTERIAL 

COUNT AND HEAVY METAL COMPOSITION OF THE FISH Hydrocynus spp. 

H.H. ABBAS BAKHIET1 and F.A.E. KHOGALIE2  

 
1Department of Fisheries and Wildlife Science College of Animal Production Science and Technology, Sudan 

University of Science and Technology P.O.BOX 204, Khartoum North, Sudan  
2Department of Fisheries and Wildlife Science College of Animal Production Science and Technology, Sudan 

University of Science and Technology P.O.BOX 204, Khartoum North, Sudan 

 
*Email: haram_hassan@yahoo.com; Haram.hassan@sustech.edu 

 

ABSTRACT: This piece of work was done in an attempt to evaluate the issue of the traditional fish 

salting practice in the Sudan. Fassiekh was selected as one of the widely consumed salted fish 

product, of great preference among Sudanese consumers. The study was directed towards the study 

of the heavy metal concentration and the microbiological analysis of fresh fish and fassiekh to 

compare the effect of the different salt concentrations. One kind of fish species preferable by 

Sudanese consumers in fasseikh making was selected for this study namely hydrocynus spp (kass). 

Samples were taken from Elmawrada fish market, and subjected to three salt concentration levels 

(15%, 20%and 25%) by weight to achieve the goals of the study. Fresh fish were carefully handled 

throughout the preparation process; they were eviscerated and cleaned up and divided in to two 

groups then three sup groups to be treated with different salt concentration. After the fermentation 

process sample were taken to do the heavy metal concentration analysis and microbiological 

analysis. It was observed that the heavy metal (Arsenic, Cadmium and lead) concentration were not 

significant. But the microbiological analysis result showed significant decrease in total bacterial 

count in all concentrations.  

 

Key words: Heavy Metal, Bacteria, Fish, Salt. 

 

INTRODUCTION  

 

Fish is widely consumed in many parts of the world by humans because it has high protein content, low 

saturated fat and also content omega fatty acids known to support good health. Marine foods are very rich sources 

of mineral component (Sikorski et al., 1990). The global contribution of fish as a source of protein is high, ranging 

from 10% to 15% of the human food basket across the world (Wilson et al., 2007). Despite the fact that the 

nutritional value of fish is well known, it nevertheless plays only a limited role in the diet of many countries. 

Therefore, it would seem appropriate to find new processing methods for this compared valuable raw material so 

as to increase consumer interest. Compared to mammalian meat, fish meat has more water and less connective 

tissue, which contains very little elastin (Kolakowska, 2001). 

Fish is most important source of meat that may play an appreciable role in solving food problem in the world 

especially in the developing countries (FAO, 1991). Fish and fishery products are highly nutritious, in addition to the 

high percentages of animal protein, they provide several other nutrients such as vitamins A and B especially in the 

liver, and E and K vitamins, and they are good sources of some minerals like Calcium, Phosphorus and Iron 

(Lunven, 1982).  

Salting is one of the earliest techniques for preserving fish. Salting preserves by lowering the moisture 

content of the fish to the point where bacterial and enzymatic activities are retarded. Spoilage organisms generally 

can not survive long at salt contents of 6 to 8 (Wet basis of the fish) or higher (Wheaton and Lawson, 1985). 

The major goal for the food processing industry is to provide safe, wholesome and acceptable food to the 

consumer. Control of microorganisms is essential in meeting this goal. This control is partly exerted through 

processing and preservation techniques that eliminate microorganisms or prevent their growth. It is also required 

that the basic hygienic level during processing is high and that efficient cleaning and disinfecting procedures that 

eliminate spoilage and bacteria are used. Many food pathogenic and spoilage bacteria are able to attach to food 

contact surfaces (Fonnesbech Vogel et al., 2001).   

The objectives of this study were to assess:  

1) The safety of the product by the microbiological parameters of both fresh Hydrocynus spp and fessiekh. 

2) More details about fish salting and to know the effect of salting on the heavy metal concentration.  

http://www.science-line.com/index/
mailto:haram_hassan@yahoo.com
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MATERIALS AND METHODS     

    

Sample collection  

Fresh fish samples were collected from EL Mawrada fish market the samples was kass (Hydrocynus spp). A 

total of 6 kg each have about 100-110g stored In Iced container and transferred to the fisheries laboratory in 

Sudan university department of fisheries and wildlife biology for preparing and processing. Random samples were 

taken to do the chemical and microbiological analysis of fresh fish.                                                                                                                                                                                          

 

Preparation and processing of fish 

Preparing fassiekh takes place as follows: first fresh fishes were individually gutted and washed by tap water 

and placed on a plastic dishes to dry and then weighted on sensitive balance (FEJ-2000B).the addition of  salt is 

made relevant to weight of the fish. To get the effect of salting of fish after processing, fish were devided in to tow 

group each have three kg, the first group for take the effect of salting on the product weight and the second to do 

the chemical and microbiological examination, each group divided in to three groups each group was about (1) Kg 

then subjected to a different salt concentration (15%, 20%, and 25%). Each fish was salted separately, with 

coarsely ground salt, applied all over the body with especially on the gill area and the cavity of the gutted 

specimens. Then the fish were stacked in layers separated by layers of salt on plastic container and covered with a 

heavy cover. The fish are thus left to undergo fermentation for (10) days. 

 

Random sample were taken on the 10th day   to do microbiological and chemical analysis 

Bacteriological examinations: Fresh and salted fish was analyzed for the determination of the total count of 

bacteria. 

 

Culture media used 

Aerobic Plate Count: It is a simple media. Is to be prepared according to manufactures instructions by 

suspending 20.1 grams of the powder in one liter of distilled water, boiling until dissolved completely and then 

sterilizing by autoclaving at 121 C0for 15 min. 

 

Serial dilution: 1 gram of fish was added to warm 37 C0 (9) ml normal saline then shook well to distribute all 

the organism within test tube. Then one ml from previous mixture (fish +normal saline) was transferred with a 

sterile 1 ml graduated pipette to 9 ml sterile normal saline in screw – capped bottle (Bijout bottles) and then mixed 

thoroughly. Using another sterile pipette, one ml of the dilution prepared was transferred to a second bottle and the 

process was repeated to make ten fold dilutions as described by Harrigan and MacCance (1976). 

 

Total Bacterial Counts  

Total bacterial count in the fresh and salted samples was determined a sterile pipette was used to transfer 1 

ml of the selected dilution into duplicate sterile plates. Nutrient agar was used. The plates were incubated at 37 C0 

for 48 hours; Colonies were counted. 

  

Determination of minerals 

The heavy metal (lead, cadmium, arsenic) were determined by (perkin Elmer A (Analyst 700) Atomic 

Absorption Spectrophotometer following the method described by the manufacture. 

 

Statistical analysis 

Results were analyzed using the SPSS computer program / one way (ANOVA).   

 

RESULTS 

 

Table 1 shows Heavy metals content (mg/100g) of fresh fish and fassiekh with different salt concentration 

(15%, 20%and 25%) expressed on wet matter basis. 

 

Table 1 - The effect of salt concentration level on heavy metal contents of hydrocynus spp. 

                 Salt (%) 

Parameters  
0 15 20 25 Significance 

Arsenic 0.199±0.13 0.201±0.05 0.201±0.05 0.204±0.00 NS 

Cadmium 0.175±0.00 0.181±0.04 0.179±0.00 0.182±0.03 NS 

Lead 0.324±0.05 0.326±0.05 0.326±0.05 0.326 ±0.05 NS 
NS: not significant  

 

Microbiological analysis 

Table 2 shows the total bacterial count of fresh (Hydrocynus spp.) fish and fassiekh with different salt 

concentration (15%, 20%and 25%; After 10 days) by CFU/gm. 
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Table 2 - The effect of salt concentration level on the total bacterial count of hydrocynus Spp. 

                         Parameter 

Salt (%) 

Total plate count 

(TPC) 

0 58.1×103 ± 21.1×103 a 

15 10 ×103 ±   1 ×103  b 

20 7.8×103 ±  0.76×103  b 

25 4 ×103 ± 1×103 b 

Significance * 

* Significant at (P≤0.05). a,b means within the same column followed by the different superscript are significantly (P≤0.05) different. The total 

bacterial count of fresh fish is 58.1×103   and in fassiekh with (15%, 20%and 25%) salt concentration is 10 ×103, 7.8×103 and 4 ×103, 

respectively.  

 

DISCUSSION 

 

Arsenic content 

The arsenic content of fresh fish and salted fish (15%.20%, and 25%) under investigation were 0.199 and 

0.0201, 0.201, and 0.204 mg/100g respectively. this result is lower than that reported by (Sivaperumal et al., 

2007) who found the arsenic content in Etroplus ssuratensis about 1.515 mg/kg. Salting and fermentation not 

affected significantly (P<0.05) the arsenic content in the product. 

 

Cadmium content 

The cadmium content of fresh fish and salted fish (15%, 20% and 25%) under investigation were 0.175 and 

0.181, 0.179, 0.182 mg/100g respectively the permissible limit for Cadmium in sea bass is 0.1 mg/kg wet weight 

(EC, 2001). Salting and fermentation treatment not affected cadmium value at (P<0.05). 

 

Lead content  

The lead content of fresh fish and salted fish (15%, 20%25%) under investigation were 0.324and 0.330, 

0.477, and0.464 mg/100g respectively. This  result is lower than that reported by (Dural et al., 2007) who found 

that the lead content about 0.40–2.44 mg kg-1 for muscles and 1.41–3.92 mg kg-1 for livers of fish from Tuzla 

Lagoon . Salting and fermentation treatments not affected lead value at (P<0.05). 

 

Microbiological parameters 

Table 2 shows the total bacterial count values of fresh hydrocynus spp fish and fassiekh with (15%, 20% and 

25%). The data showed significant different, the highest value (58.17 ×  103) was reported in fresh fish, while the 

lowest value (4 ×103) was reported in fassiekh with 25% salt concentration after 10 days .this  result is lower  than 

that reported by (Vishwanath et al., 1998 ) who found the total plate count of bacteria in fresh Monopterus albus 

about (1.2×10-6 1.0×10-7). This decrease in total bacterial count may be due to the presence of high salt 

concentration in fessiekh so the pathogenic microorganism growth is controlled. 

Also this result is in agreement with the findings of (El-Tom, 1989 and Abu Giddeire 2001) who reported that 

the count of microorganism increased rapidly during first fermentation days and began to decrease later. And in 

agreement with Ahmed (2006). 
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ABSTRACT: This study was conducted to investigate the effect of chickpea seeds on performance 

and blood constituents of broilers. One hundred and twenty eight unsexed one day old (Ross) broiler 

chicks were randomly assigned to four approximately isocaloric and isonitrogenous diets labeled as 

follows: Diet (F0) containing 0% chickpea (control diet), diet (F1) 10% chickpea substitute same 

levels of sesame meal and groundnuts meal, diet (F2) 10% chickpea substitute from groundnuts 

meal only and diet (F3) 10% chickpea substitute from sesame meal only. Each treatment had four 

replicates with 8 birds/ replicate. The study lasted for 8 weeks. Parameters Measured were feed 

intake, body weight gain, feed conversion ratio (FCR), pre –slaughter weight, dressing percentage, 

protein efficiency, some blood parameters (glucose, cholesterol, triglyceride, total protein, calcium, 

and phosphorus) and profitability. The results showed significant decrease (P<0.05) in feed intake) 

for birds consumed the diets supplemented with chickpeas than control. Body weight gain, pre 

slaughter weight and carcass weight were significantly (P<0.05) greater for birds received diet F0 

(1527.37g), (1615.49g), (1195.32g) respectively and diet F3 (1430.80g), (1472.29g), (1072.06g) 

respectively and lower for birds received diet F2 (937.71g), (761.58g) and (533.29g) respectively. No 

significant differences were observed in feed conversion ratio and protein efficiency ratio among all 

dietary treatments. Broiler chicks received diet F2 recorded significantly (P<0.05) poorer dressing 

percentage than other treated diets. All the treatments had no significant (P>0.05) effect on serum 

glucose, cholesterol, triglyceride, total protein, calcium and inorganic phosphorus levels. Broiler 

chicks received diet F3 recorded the highest profitability than other groups.  

 

Key words: Chickpeas, Broilers, Performance, Carcass, Characteristics 
 

INTRODUCTION  
 

Food legumes have been well recognized as valuable source of dietary proteins in many parts of the world. A 

major portion of the world population relies on legumes as staple food particularly in combination with cereals. 

(Nalaini, 2005). Chickpea is a food legume crop grown in tropical, sub-tropical and temperate regions. Chickpea is 

the 2nd most important pulse crop in the world, accounting for 14% (FAO, 1998) of world pulse production (Singh 

et al., 1991) Peas contain between 220 and 270 g/Kg crude protein and have an amino acid profile which is 

relatively well balanced (Canibe et al., 1997) although like many grain legumes, the protein is marginal in the 

sulphur amino acids (Perez et al., 1999). The protein concentration in pea is lower than lupine, soybeans or oilseed 

meals, the metabolizable energy is generally higher (Cowieson et al., 2001). To date the poultry industry has been 

reluctant to use these products in broiler diets due to suspected presence of anti-nutritional factors and very limited 

information on possible inclusion levels of untreated grains. Like other legumes, chickpea seeds contain varieties of 

anti-nutritional factors such as protease and amylase inhibitors, lectins, polyphenole  and oligosaccharides (Yutste 

et al., 1991 and Cerioli et al., 1998) which impair nutrient absorption from the gastrointestinal tract and can result 

in detrimental effects on animal health and growth (Chavan et al., 1989; Perez et al., 1999) Increasing the 

proportion of chickpea seed in the broiler diet negatively influenced body weight gain, food intake and food 

efficiency (Farrel, 1999; Viveros et al., 2001; Pisulewska et al., 2000). In comparison to soybean (Glycine max L.), 

peas (Pisum sativum L.)  and common beans (Phaseolus vulgaris L.), chickpea  offers less problems as far as these 

factors (ANF) are concerned (Singh, 1988). Chickpeas are also a good source of dietary minerals, such as calcium, 

http://www.science-line.com/index/
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phosphorus, magnesium, iron, and potassium (Chavan et al., 1989). The objective of this study is to assess the 

effect of feeding row chickpea seed replacement sesame meal and groundnuts meal on the broilers performance 

and blood constituents also to study the economic benefits. 

 

MATERIALS AND METHODS 

  

Experimental birds and design 

One hundred and twenty Eight day-old unsexed commercial broilers chicks (Ross) were used for this study the 

initial weight of birds ranged 37- 45 g The chicks were randomly assigned to the four experimental diets 32birds 

per treatment group in a completely randomize design each treatment group was further subdivided into four 

replicates of 8 birds. 

 

Experimental diets 

The experimental diets were calculated to meet the nutrient requirement of broiler chicks according to the 

National Research Council (1994). Four iso energetic and iso nitrogenous diets were formulated as follows: Diet 

(F0) containing 0% chickpea (control diet), diet (F1) 10% chickpea substitute same levels of sesame meal and 

groundnuts meal, diet (F2) 10% chickpea substitute from groundnuts meal only and diet (F3) 10% chickpea 

substitute from sesame meal only. The composition and the calculated analysis of the experimental diets are 

shown in Table 2.  

 

Table 1 - Proximate analysis and anti-nutritional factors of chickpeas seeds 

Items Chickpeas seed 

Dry matter 93.10 

Either extractives 3.78 

Crude protein 24.31 

Crude fiber 13.57 

Ash 3.02 

Nitrogen free extractives 48.41 

Tannin 0.06 

Poly phenol 0.03 

Phytic acid 0.64 

Digestibility 83.38 

ME (kcal/kg) 2540 

ME = Calculated according to equation of Lodhi et al. (1976) 

 

 

Table 2 - Percentage composition and calculate analysis of rations 

Feed staffs % 
Diets 

F0 F1 F2 F3 

Sorghum 65.00 63.21 63.21 63.21 

Groundnut meal 13.00 10.00 00.00 20.00 

Sesame meal 12.00 10.00 20.00 0000. 

Chickpea 00.00 10.00 10.00 10.00 

Wheat brand 3.21 0000 0000 00.00 

Super concentrate 05.00 05.00 05.00 05.00 

Di-calcium phosphate  01.25 01.25 01.25 01.25 

Methionine 0.000 0000 00.00 00.00 

Lysine 00.04 00.04 00.04 00.04 

Premix1 00.25 00.25 00.25 00.25 

Salt 00.25 00.25 00.25 00.25 

Calculated analysis % 

ME (kcal/kg) diet 3089 3083 3087 3087 

Crud protein  21.90 21.31 21.11 21.51 

Crud fiber 3.393 3.997 3.025 4.969 

Calcium 0.985 0.949 1.083 0.805 

 Available phosphorus 0.557 0.542 0.554 0.54 

Lysine 1.076 0.996 0.961 1.031 

Methionine 0.460 0.412 0.489 0.355 

1provided per kg of diets: vitamin A 8000 IU, vitamin D3 1400 IU, vitamin E 2IU, vitamin K3 2 mg, vitamin   B2 4 mg, vitamin B1 2 mg, Ca –

d–pantothenate 5 mg, Nicotin amide 15 mg, Choline chloride 100 mg, Folic acid 0.5 mg, vitamin B12 5mcg, Iron 22 mg, Manganese 33 mg, 

Copper 2.2 mg, Cobalt 0.5 mg, Zinc 25 mg, Iodine 1.1mg. F0) chickpea 0% (control); F1) chickpea 10%, groundnut meal 10% and sesame 

meal 10%; F2) chickpea 10% and sesame meal 20%; F3) chickpea 10% and groundnut meal 20% 
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Management and data collection 

The chicks were reared in deep litter with feed and water supplied ad-libitum. The birds were vaccinated 

against Newcastle disease at 7day-old (IB) and at the 28 day (lasota) > Gumboro disease vaccine was given at the 

21 day. Vitamins offered as supportive does before and after vaccination Measurements taken were feed intake, 

weigh gain and feed conversion ratio. At the end of experimental period 4 birds from each replicate of each dietary 

treatment were randomly selected and weighted individually then slaughtered and allowed to bleed. Samples of 

blood were collected into clean dry test tube and allowed to clot and serum was separated and collected for frozen 

and later analyzed. Carcasses weight was recorded and the dressing percentage was determined by expressing 

carcass weight to the live weight. Protein efficiency ratio calculated as weight gain divided by protein intake. 

 

Statistical analysis 

The data collected were subjected to analysis of variance and the means were separated using Duncan's  

Multiple Range test as described by Steel and Torrie (1980). 

 

RESULTS AND DISCUSSION  

 

The effects of dietary treatments on feed intake, body weight gain, pre slaughter weight, carcass weight, feed 

conversion ratio (FCR), protein efficiency ratio (PER) and dressing percentage are shown in Table 3. Results 

revealed that treatment had significant (P<0.05) on feed intake. Birds consumed the diets supplemented with 

chickpeas reduced feed intake, this result may attributed to the palatability of those diets or may affected by 

tannins in legume grains. Birds received the diet F2 (contained 20% sesame meal) significantly (P<0.05) observed 

the lowest feed intake. The results of the current study are congruence with Linfield et al. (1985); Ali et al. (2000) 

and Godber et al. (1993) who reported that rancidity deteriorated the palatability and feed intake, also Hussein et 

al. (1982) and Award et al. (1988) reported reduction in feed intake for birds fed rations having rancid feed with 

high level. Weight gain, pre-slaughter weigh, carcass weight and dressing percentage were significantly (P<0.05) 

influenced by the treatments. Birds fed diet F2 (chickpea with sesame meal) had negative effect on these 

parameters and that may related to low feed intake of this group or may attributed to the rancidity of sesame, this 

result agree with the findings of Anjum et al. (2004). Chicks showed poor growth performance when dietary rice 

bran was rancid and other oxidized metabolites (Wang et al., 1997), thiobarbituric acid and acid values (Waheed, et 

al., 2004; Award et al., 1983; Miyazawa et al., 1986). Lower weight gain of birds fed OSO was generally similarly to 

earlier reports (Cabel et al., 1988; Lin et al., 1989; Engberg, et al., 1996; Wang et al., 1997). Chae et al. (2002) also 

reported lesser weight gain in chicks fed rancid rice polish compared to the chicks fed fresh rice polish. This might 

be due to destruction of fat-soluble vitamins in rancid oil that leads to reduced availability of nutrients as well as 

immunity and consequently depressed growth performance (Lin et al., 1989; Cheeke, 1991). Feed conversion ratio 

and protein efficiency ratio were not significantly (P>0.05) affected by inclusion of chickpea seeds. This result was 

similar with the finding reported by Christodoulou et al. (2006). Partial replacement of soybean with chickpeas at 

inclusion levels up to 12% of concentrate mixture as the main protein source in diets of broiler chickens resulted in 

similar productive performance. Brenes (2008) also demonstrated that the inclusion of graded concentrations of 

chickpea in chicken diets did not affect bird's performance. These results are in agreement with those reported by 

Viveros et al. (2001) and Farrell et al. (1999) who found a negative effect when chickpea was included up to 360 g 

kg-1 in the diet these differences might be due to the inclusion level or chickpea varieties used. However, Johnson 

et al. (1990) did not observe differences in performance of birds fed with 200 g chickpea kg-1. These discrepancies 

could be due to the presence of certain amounts of anti-nutritional factors in the seed, which can vary considerably 

among batches of the same legume (Saini et al., 1992). Although the inclusion of graded concentration of chickpea 

did not cause growth depression (Brenes, 2008) 

The findings of the present study on serum components (Table 4) indicated that there were no significant 

(P>0.05) influenced for serum glucose, cholesterol, triglyceride, total protein, calcium, and inorganic phosphorus by 

the dietary treatments, this result agrees with findings reported by (Taguia, 2003). Feeding economics of 

experimental diets are presented in Table 5. The result showed that diet F2 (contained 10% chickpea with 20% 

sesame meal) is cheapest one but the broiler chicks received diet F3 (contained 10% chickpea with 20% groundnut 

meal) recorded the highest profitability than other groups.  

 

Table 3 - The effect of feeding chickpea levels on overall performance of broiler chicks 

Items Diets 

F0 F1 F2 F3 ±SEM 

Feed intake g/bird 3360.15a 2841.96b 2090.65c 2912.65b 60.74 

Weight gain g/bird 1527.37a 1311.42b 937.71c 1430.80a 33.47 

Pre-slaughter g/bird 1615.49a 1280.98b 761.58c 1472.29a 66.75 

Carcass weight 1195.32a 907.36b 533.29c 172.06a 50.67 

Feed conversion ratio 2.20 2.17 2.24 2.05 0.08 

Protein efficiency ratio 2.03 2.10 2.04 2.15 0.06 

Dressing percentage 73.96a 70.83bc 69.69c 72.73ab 0.91 
a, b, c: values within a row with different superscripts differ significantly. SEM= Standard error of the mean. 
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Table 4 - The effect of feeding chickpea seeds on serum composition of broiler chicks 

Items 
Diets 

F0 F1 F2 F3 ±SEM 

Glucose 162.88 159.75 170.00 180.13 12.49 

Cholesterol 110.00 13.25 116.25 111.25 9.84 

Triglyceride 86.63 92.38 72.13 90.13 12.24 

Total proteins 3.16 3.40 2.91 3.15 0.19 

Calcium 10.76 10.98 12.38 11.80 0.63 

Phosphorus 14.29 14.00 14.70 14.34 0.50 
 

 

Table 5 - The feeding economics of experimental diets 

Items Diets 

F0 F1 F2 F3 

Feed cost per bird (SDG) 04.35 04.26 03.12 04.38 

Feed cost per bird ($) 01.58 01.55 01.13 01.59 

Average weight of bird (kg) 01.20 0.91 0.53 01.21 

Total returns (SDG) 13.15 9.98 5.87 13.28 

Total returns ($) 04.78 03.63 02.13 04.83 

Total cost per bird (SDG) 07.35 07.26 06.12 07.38 

Total cost per bird ($) 02.67 02.64 02.23 02.68 

Net profit per bird (SDG) 05.79 02.72 -0.25 02.90 

Net profit per bird ($) 02.11 0.99 -0.09 02.14 
 

 

CONCLUSION 

 

Chickpea seeds could replace sesame by 10% with no adverse effect on bird performance, blood serum 

constituents and feed cost. 
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ABSTRACT: In Algeria, the raising of the rabbit for meat develops more and more these last years. 

Several segments of this young sector have been studied as the feeding and reproduction. However, 

the segment of marketing has not been approached yet. This paper provides an overview of the 

rabbit meat marketing system in the Tizi-Ouzou area. To meet this objective the descriptive 

survey method was employed, using a structured questionnaire to provide data on 

commercialization of rabbit meat. Butcheries (n=192), poulterers (n=49), restaurants (n=184) 

and hotels (n=11) were concerned. Rabbit meat is sold in 8.48% (n=37) of stores visited and do 

not sold in 91.51% (n=399) ones. It’s marketed more cooked (restaurants and hotels) than 

fresh (butcheries and poulterers). 75.44% of respondents who do not sell rabbit meat justifies it 

by the lack of demand and 10.78% (n=43) because of its unavailability. Rabbits are bought from 

producers generally as whole carcasses (86.49%) of about 1.4 kg. In the butcheries and 

poulterers, rabbit meat is sold to consumers at an average price of 470 DA (1U$=95 DA). 44.56 

kg of rabbit meat are sold per week. The marketing of this meat is fragmented, inefficient so its 

distribution chain is disorganized. Despite those problems, there are also opportunities for 

expansion of this market. Given the current low levels of consumption of rabbit meat, there is a 

potential for total consumption of this meat to increase substantially as production and 

availability increases. More attention must be given to the market outlets and promotions of 

rabbit meat in Tizi-Ouzou area. 

 

Key words: Rabbit meat, Marketing, Tizi-Ouzou 

 

INTRODUCTION  

 

The raising of rabbit always existed in Algeria. In traditional production system until there and in modern 

system these last years, rabbit production actively participates in the reduction of the animal protein shortage 

of the population (Gacem and Lebas, 2000). While efforts have been taken to promote rabbit production in 

rational level (Gacem et al., 2008; Berchiche et al., 2012; Kadi et al., 2012).  

In Algeria, rabbit production is concentrated mainly in the east and center of the country and Tizi -Ouzou 

is the highest production region of rabbit meat. Those last years, a pilot project has been carried out in Tizi -

Ouzou: Formation of the young breeders before the creation of the rabbit unit, creation of the raising facilities 

with local materials and distribution of 16 does + 2 males for each unit. In spite of the encountered problems, 

part of these units continues to work and to produce rabbit (Zerrouki et al., 2005a; Kadi et al., 2012).  

Meat market in Algeria is very complex (Sadoud, 2011; Sadoud and Chehat, 2011) and the literature on 

its operation is limited. The publications which relates to rabbit marketing are non-existent. To date, much of 

the research on rabbits carried out in Tizi-Ouzou University has centred on production practices. No market 

assessment studies are undertaken. In assessing the market for an infrequently consumed commodity, such 

as rabbit meat, the actions of both users and nonusers must be evaluated.  

The aim of this paper is to investigate rabbit meat marketing in the wilaya (district) of Tizi -Ouzou. 

 

MATERIALS AND METHODS 

 

The aim of this survey was to investigate rabbit meat marketing in the wilaya of Tizi-Ouzou (a wilaya = a 

geopolitical district). Tizi-Ouzou is the fifteenth wilaya among the forty eight that contains Algeria (see the official 

web site http://www.tiziouzou-dz.com/). It is located in the Northeast at about hundred km from the capital Algiers 

http://www.science-line.com/index/
http://www.tiziouzou-dz.com/
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(Figure 1). To meet this objective the descriptive survey method was employed, using a structured 

questionnaire to provide data on commercialization of rabbit meat. The questionnaires aimed the butcheries 

(n=192 representing 67.3% of the total of butcheries), poulterers (n=49 representing 30.6% of the total 

poulterers), restaurants (n=184 representing 43.4% of the total ones) and hotels (n=11 representing 25.5% of 

the total ones). The questions were about the presence mainly or not of this meat and in particular on the 

frequency of the demand by the clientele, the sources and places of provisioning, weight and price of the 

carcasses, profile of the consumers, quantities used during the week. The data obtained from the 

questionnaires were organised by coding the open-ended questions, in order to prepare them for data 

capturing. 

 

 
Figure 1 - Localisation of Tizi-Ouzou region, the study area 

 

Statistical analysis 

All data were entered into a Microsoft Excel spreadsheet with, in lines, the different questionnaires and, 

in columns, the explanatory and explained variables represented by the different questions. The quantitative 

data were subjected to the 6.4 version of the STATBOX package for determining descriptive statistics (means, 

standard deviations, frequencies and percentages). The statistical significance level of differences between 

the dependent and independent variables were determined by Chi-square tests at P<0.05. 

 
RESULTS AND DISCUSSION  

 

Marketing of rabbit meat 

According to the results, only 8.48% (n=37) of the respondents in the wilaya of Tizi-Ouzou market the 

rabbit meat (Table 1). The two most important markets for commercially produced rabbit are retail poulterers 

in metropolitan markets and restaurants often high-end ones. Rabbit’s meat is mostly marketed cooked 

(restaurant and hotels) than fresh (Butcheries and Poulterers); because of its time consuming preparation 

which requires culinary skills. This situation is also observed in the wilayas of Constantine and Algiers by 

Gacem and Lebas (2000). So, there is a real challenge for food technologists, especially cooks, to put in point 

receipts incorporating the rabbit meat and fulfilling the requirements of the local consumers. 

Fresh rabbit meat can also be sold directly to the consumer as it is the case in the rural areas. In these 

regions where the type of rabbit raising is traditional (Berchiche and Lebas, 1994), the primary objective for 

rabbit production is to provide a source of meat for the family (Djellal et al., 2006). Only the surplus of rabbits 

is sold as meat for consumer or as breeding stock to neighbours, friends and local clients but rarely at the 

weekly markets. 

A majority of respondents (75.44%) who do not sell rabbit meat justifies it by the lack of demand (Table 

2). However, 10.78% (n=43) does not sell it because of its unavailability. Indeed, the lack of consumer 

acceptance of the product has little impact upon the market because rabbit production has not saturated the 

market. Current demand for rabbit meat exceeds supply, so consumer acceptance is not a problem. 
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Table 1 - Marketing of rabbit’s meat according to the type of store in the wilaya of Tizi -Ouzou 

Type of store 
Total number  in 

the region 

Number of stores 

investigated 

Sells the rabbit's meat 

(number and percent) 

Don't sells the rabbit's meat 

(number and percent ) 

Butcheries 285 192 03 (1.56%) 189 (98.44%) 

Poulterers 163 49 10 (20.41%) 39 (79.59%) 

Restaurants 423 184 20 (10.86%) 164 (89.13%) 

Hotels 43 11 04 (36.36%) 7 (63.64%) 

Total 914 436 37 (8.48%) 399 (91.51%) 

 

Moreover, contrary to the generally accepted ideas, on the level of the area of study, people having 

negative attitude to rabbit meat or refuse consumption for emotional reasons is weak (Kadi, 2007). In 

addition, there are no religious apprehensions since Islam (principal religion in the area) does not prohibit the 

consumption of the rabbit meat. However, motivations for no consuming this meat are globally the same than 

that reported by several authors in different regions through the world (Hui and McLean-Meyinsse, 1996; McLean-

Meyinsse, 2000; Hoffman et al., 2004; Olivares et al., 2004; Hoffman et al., 2005). 

 

Table 2 - Reasons for which the rabbit meat is not sold 

Reasons evoked Number of respondents Proportion (%) 

Not asked for by the customers 301 75.44 

Traditions 20 5.01 

Expensive 18 4.51 

Unavailable 43 10.78 

It resembles to the cat 2 0.50 

Without idea 15 3.76 

 

Format of rabbit meat and source of provisioning 

Rabbits are marketed live or killed to Butcheries, Poulterers and restaurants (Table 3). They are bought 

from producers generally as whole carcasses (86.49%) of about 1.4±0.5 kg. Whole carcasses include head, 

thoracic content (heart, lungs...), liver, kidneys and extremities of the legs and the corresponding skin. The 

offals are thrown. The weight of carcasses (1.4±0.5 kg) seems interesting compared to the modest growth 

performances of this population (Kadi and Berchiche, 2002). For indication, on the level of French market, the 

average carcass weighs 1.4 kg (Lebas, 2003). 

 

Table 3 - State of rabbits to the purchase 

Reasons evoked Number of respondents Proportion (%) 

Alive 5 13.51 

Slaughtered 32 86.49 

 

There is no slaughter-house specialized in the slaughtering of rabbits in the area of study. The rabbits 

are slaughtered by cutting the jugular vein with a sharp knife and stripped into the rabbiteries. Present country 

laws do not require veterinary inspection of rabbit processing or of rabbit meat before it can be sold in retail 

outlets. So, the rabbit producer is responsible for ensuring that the rabbit meat sold is wholesome and 

properly handled prior to delivery. As well as the butchers and Poulterers, the restorers and hotels are in 

majority (78.38%) supplied on rabbit’s meat directly by the producers (Table 4). Only 8.11% of the 

respondents buy their merchandise outside of the wilaya. 

 

Table 4 - State of rabbits to the purchase 

Reasons evoked Number of respondents Proportion (%) 

Breeders 29 78.38 

Butcheries 4 10.81 

Weekly Market 2 5.41 

Other 2 5.41 

 

Price and availability of rabbit meat 

In the Butcheries and Poulterers, the average market value of this rabbit meat is 470 ± 62 DA per kg. In 

the wilaya of Constantine and Algiers, the prices seem more acceptable: 360 to 380 DA per kg (Gacem and 

Lebas, 2000). Since the realization of this study, the prices increased considerably (700 DA) because of the 

increase of the prices of the raw materials on the world market and that constitute the feed of the rabbits. 
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Chicken usually costs less than DA 300 per kg. This is not exclusive to Algeria. Dalle Zotte (2002) argues that 

in developed countries the production costs for rabbits are twice as high as for chicken broilers. This implies 

that rabbit meat consequently becomes more expensive than other white meats and thus its consumption is 

automatically decreased especially at level of low-income families which are the most numerous in the Tizi-

Ouzou area. 

However, the most frequent problem is the lack of rabbit meat in the Butcheries and Poulterers, so 

urban citizens, liking rabbit meat can buy it only in few stores at the level of the urban center of the city of Tizi -

Ouzou, often far from several kilometres of the dwelling place. The main problem in rational raising of rabbits 

in Algeria is that commercial feeds are very  expensive. This is, in part, because many of their main 

ingredients as soybean meal, dehydrated alfalfa, corn and other micro ingredients, are imported from 

overseas. Dehydrated alfalfa and soybean meal often comprise 30 to 40% and 10 to 20%, respectively of the 

feed ration for rabbits. 

In addition to higher cost of production, due to the lack of access to important inputs and services, 

smallholders tend to have lower productivity. According to Zerrouki et al. (2005a), the numerical productivity 

recorded in this region is about 25 to 30 rabbits weaned/female/year. For the same population and in the 

experimental farm, Zerrouki et al. (2005b) got slightly better performances but confirms the limits of this 

genotype.  

Lack of technical know-how is the other reason which decreases the productivity. Many rabbit’s raisers 

do not control the techniques of raising especially the reproduction. The majority of breeders have limited 

education, which limits their capacity to adopt new methods. 

 
Relation between type of store and independent variables 

Source of approvisionning, education level of customers and quantities of rabbit meat sold per week are 

not related to the type of store (Table 5). Whereas, was observed the difference (P<0.05) between the type of 

establishment and the fidelity of the customers. These are the poulterers and butchers who receive the same 

rabbit meat purchasers. 

 

Table 5 - Relation between the type of store and the independent variables 

Criteria Signification 

Type of store / Source of approvisionning ns 

Type of store / faithful or varied customers * 

Type of store / Education level of customers ns 

Type of store / quantities of rabbit meat sold per week ns 

* P<0.05; ns: non significant 

 

Globally, 10.51±5.9 kg of rabbit meat is sold per store per week, whereas the total quantities sold is 

44.56 kg per week (Table 6) or an average of 32 carcasses per/week. Per type of store, butchers are the ones 

who sold the great quantities, this although they are not numerous (only 3). 

 

Table 6 - Quantities of rabbit meat sold per week  

Type of store 
Quantities sold 

(kg/week) 

Butcheries 13.66 

Poulterers 11.3 

Restaurants 9.8 

Hotels 9.8 

Total 44.56 

 

CONCLUSION 

 

The study indicates that there already exists a small market for rabbit in the wilaya of Tizi-Ouzou. Based 

on the analysis presented earlier, it appears that there are significant deficiencies in this marketing system. It 

is fragmented, inefficient so the distribution chain of this meat is disorganized. This inefficient marketing 

system has resulted in higher costs and low availability of rabbit meat, but with a possibility for expansion 

through appropriate promotion. Despite those problems, there are also opportunities for expansion of this 

market. Given the current low levels of consumption of rabbit meat, there is potential for total consumption of 

this meat to increase substantially as production and availability increases.  

The ultimate objective is to educate the public about the high nutritional quality of rabbit meat. Also, in 

this region the Rabbit seem to be the meat of the restaurant as encountered in some Mediterranean countries 

like Malta, Italy or Spain. 
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ABSTRACT: In 4 x 4 LSD, four graded Murrah buffalo bulls (6 yrs; 353 ± 8.26 kg) were fed four iso-

nitrogenous complete rations comprising of jowar stover (CR1), maize stover (CR2), red gram straw 

(CR3) and black gram straw (CR4) as roughage source and concentrate mixture in 60:40 proportion, 

to study the effect of feeding complete rations on nutrient utilization. The DM intake (kg/d) was 

similar in all the groups. The digestibility coefficients of DM, OM, CP, EE, CF, NDF, ADF, Cellulose and 

Hemi-cellulose were significantly (P<0.01) higher in buffalo bulls fed CR2 while NFE digestibility was 

higher (P<0.05) in CR3 when compared to those fed other complete rations. All the animals were in 

positive N, Ca and P balances. Further, the % DCP and % TDN were significantly higher (P<0.01) in 

buffalo bulls fed CR2. It could be concluded that maize stover compared to other crop residues could 

be a superior roughage source for inclusion in complete rations for feeding buffalo bulls. 

 

Key words: Black Gram Straw, Buffalo Bulls, Complete Rations, Jowar Stover, Maize Stover, Nutrient 

Utilization, Red Gram Straw. 
 

INTRODUCTION  
 

India posses huge livestock population comprising of 279 million bovines which produced 112.11 million 

tonnes of milk (FAO, 2009). This huge livestock population needs special attention of nutritionists for supplying 

sufficient nutrients not only to fulfill their hunger but also to maintain the optimum productivity potentials (Waje et 

al., 2010). In India, the area under fodder production has remained static at around 4% of the total cultivable land 

area for the last three decades (NIANP Feed Disc, 2005). There is little hope to increase the cultivated area under 

green forages or to regenerate the degraded pastures through intensive management. This necessitates efficient 

utilization of crop residues for ruminant feeding. In developing countries including India, the production of crop 

residues has steadily increased during the last four decades, as a spill-over effect of ‘Green Revolution’. These crop 

residues have special importance in livestock feeding as they constitute a major portion of roughages. High 

percentage of structural carbohydrate and low nitrogen content of these roughages result in low palatability and 

poor nutrient utilization in ruminants. However, incorporation of these crop residues in complete diets improves 

both palatability and nutrient utilization (Dhuria et al., 2011). The complete feed system not only ensures better 

utilization of nutrients from agricultural crop residues but also supplies balanced nutrients, controls the ratio of 

roughage to concentrate, provide uniform blend of feed, reduces feed wastage and enables use of locally available 

feed ingredients (Raut et al., 2002; Krishnamurthy and Ramaprasad, 2005). Hence, an attempt has been made to 

study the effect of feeding complete rations containing different locally available crop residues on nutrient 

utilization in buffalo bulls. 

 

MATERIALS AND METHODS 

 

In 4 x 4 LSD, four graded Murrah buffalo bulls (6 yrs; 353 ± 8.26 kg) were used to study the effect of feeding 

complete rations containing different crop residues on nutrient utilization. The animals were housed in well 

ventilated conventional stall barn and fed respective diets throughout the experimental period. Four iso-nitrogenous 

complete rations (Roughage concentrate ratio 60:40) were formulated using locally available crop residues viz. 

jowar stover (CR1), maize stover (CR2), red gram straw (CR3) and black gram straw (CR4) as roughage component. 

All the bulls were offered 6.5 kg each of respective complete ration to meet the nutrient requirements as per ICAR 

(1998). The ingredient composition of these complete rations is furnished in Table 1.  

Each period of LSD consisted of a 21 day preliminary period followed by a 7 day collection period. 

Representative samples of complete feeds, faeces and urine were collected and analyzed for proximate principles 

http://www.science-line.com/index/
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(AOAC, 2007) and fibre fractions (Van Soest et al., 1991). The estimation of calcium and phosphorus in feed and 

faeces was done as per Talapatra et al. (1940) and in urine samples was done according to the methods described 

by Ferro and Ham (1957) and Fiske and Subba Row (1925), respectively.  

Statistical analysis of the data was carried out as per the procedures suggested (Snedecor and Cochran, 

1994) using SPSS version 17.0. 

 

Table 1 - Ingredient composition of complete rations fed to graded Murrah buffalo bulls during the metabolism 

trial 

Ingredient 
Complete rations 

CR1 CR2 CR3 CR4 

Jowar stover 60 -- -- -- 

Maize stover -- 60 -- -- 

Red gram straw -- -- 60 -- 

Black gram straw -- -- -- 60 

Maize grain 6.0 7.2 8.0 9.6 

DORB 7.7 8.1 10.5 12.5 

Cotton seed cake 15.6 12.4 11.6 8.8 

Gingelly cake 9.2 10.8 8.4 7.6 

Mineral mixture 1.0 1.0 1.0 1.0 

Salt 0.5 0.5 0.5 0.5 

Total 100 100 100 100 

 

RESULTS AND DISCUSSION 

 

The chemical composition of crop residues and crop residue based complete rations fed to buffalo bulls 

during metabolism trial were presented in Table 2. The daily dry matter intake (DMI) calculated in terms of 

kg/100kg BW or as g/kg W0.75 was similar among buffalo bulls fed complete rations containing different crop 

residues (Table 3) which may be attributed to the uniformity in particle size (8 mm mesh size) of feed ingredients 

included in the complete rations. Further, the DMI recorded in all the groups was higher than the requirement as 

suggested by ICAR (1998). This indicates that the diets were palatable and that incorporation of locally available 

crop residues as roughage source has not affected the palatability of complete rations. Similar findings were also 

reported by Rajmane and Deshmukh (2000) in goats, Jadhav and Deshmukh (2001) in sheep and Suresha et al. 

(2009) in goats. 

 

Table 2 - Chemical composition (%DMB) of crop residues and complete rations 

Nutrient 
Jowar 

stover 

Maize 

stover 

Red gram 

straw 

Black gram 

straw 
CR1 CR2 CR3 CR4 

Dry matter 91.45 92.08 93.56 91.67 92.72 92.87 93.18 92.60 

Organic matter 92.19 92.69 97.65 92.2 90.84 91.08 94.05 90.85 

Total ash 7.81 7.31 2.35 7.8 9.16 8.92 5.95 9.15 

Crude protein 3.78 4.68 5.7 7.29 13.53 13.54 13.73 13.13 

Ether extract 1.76 1.96 1.51 7.23 1.73 1.37 1.33 1.14 

Crude fibre 41.44 39.34 59.95 54.03 33.90 33.71 45.18 39.56 

Nitrogen free extract 45.21 46.71 30.49 29.66 41.68 42.46 33.81 37.02 

Neutral detergent fibre 74.36 76.12 81.98 72.56 63.9 68.6 71.13 65.29 

Acid detergent fibre 58.65 56.38 72.51 66.69 44.19 42.36 50.44 47.82 

Acid detergent lignin 10.12 8.3 15.78 13.36 8.32 6.50 12.08 10.16 

Hemicellulose 15.71 19.74 9.47 5.87 19.71 26.24 20.69 17.47 

Cellulose 46.9 47.58 58.2 54.6 32.29 32.12 37.19 34.5 

Silica 2.59 1.8 0.66 0.26 3.3 3.58 2.30 2.49 

 

The digestibility co-efficients (Table 3) of DM, OM, CP, EE and CF were higher (P<0.01) in buffalo bulls fed 

CR2. These results corroborated with findings of Nageswara Rao et al. (1995) who reported higher digestibility in 

native bucks fed maize stover based complete ration among different crop residue based complete rations.  

Similarly, Raja Kishore (2012) also reported increased digestibility of nutrients in buffalo bulls fed maize stover 

based complete rations compared to either red gram straw or black gram straw based complete ration. The 

digestibility co-efficients (Table 3) of NDF, ADF, hemicellulose and cellulose were higher (P<0.01) in CR2 which 

might be due to lower lignin content of the ration. Similar observations were reported by Nageswara Rao et al. 

(1995) in native bucks. Further, results revealed that the digestibilities of nutrients in other crop residue based 

complete rations are also within the normal range. These results support the hypothesis that complete feeds 

provide uniform supply of nutrients at regular interval which helps to maintain steady rumen environment resulting 

in better digestibility of nutrients (Talpada et al., 2002). Similar to these observations higher digestibility in 

complete rations were observed by Reddy et al. (2001) in buffalo bulls, Mahender et al. (2006) in Nellore lambs and 

Kumar et al. (2010) in lactating Murrah buffaloes. The DCP content expressed as % in the diet consumed was 

higher (P<0.01) in buffalo bulls fed CR2 when compared to those fed CR1, CR3 and CR4. The higher DCP content in 
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buffalo bulls fed CR2 might be due to its higher CP digestibility. Similarly, TDN content expressed as % in the diet 

consumed was higher (P<0.01) in buffalo bulls fed CR2 as compared to those fed other complete rations which 

may be a reflection of increased nutrient digestibilities in buffalo bulls fed CR2 when compared to others.  

 

Table 3 -  Nutrient utilization and nutritive value of complete rations  

Particulars CR1 CR2 CR3 CR4 

Dry matter intake 

Kg / 100 kg BW 1.74 1.70 1.67 1.68 

g / kg W0.75 75.12 75.12 75.90 75.30 

Nutrient digestibility (%) 

Dry matter** 52.98b ± 0356 58.37c ± 0.87 55.30b ± 1.19 48.41a ± 0.88 

Organic matter** 55.44a ± 0.28 61.47c ± 0.41 57.73b ± 0.83 53.85a ± 0.53 

Crude protein** 67.80b ±0.69 70.68c ± 0.55 66.39b ± 0.80 64.12a ± 0.65 

Ether extract** 55.22c ± 0.36 56.62c ± 0.65 51.24b  ± 0.68 46.96a  ± 0.74 

Crude fibre** 44.85a ± 0.51 54.94c ± 0.68 48.48b ± 0.87 43.99a ± 0.67 

Nitrogen free extract* 59.95a ± 1.14 63.94ab ±1.20 66.88b  ± 2.39 61.53a ± 0.95 

Neutral detergent fibre** 44.26b ±0.31 56.31d ± 0.63 47.07c ± 0.90 41.84a ± 0.70 

Acid detergent fibre** 36.76ab ± 0.40 44.77c ± 0.93 37.69b ± 1.26 34.53a ± 0.79 

Hemi cellulose** 61.67a ± 0.69 75.15c ± 0.64 69.93b ± 0.65 61.84a ± 0.90 

Cellulose** 48.13a ± 0.80 61.45b ± 0.22 46.35a ± 1.39 48.16a ±1.03 

Nutrient intake (g /kg W0.75) 

DCP intake  6.89 ± 0.14 7.19 ± 0.20 6.96 ± 0.31 6.33 ± 0.12 

TDN intake* 38.71ab ± 1.17 42.92c ± 1.55 41.89bc ± 1.40 37.49a ± 0.71 

Nutritive value 

DCP (%)** 9.17b ± 0.09 9.57c ± 0.07 9.16b ± 0.11 8.41a ± 0.09 

TDN (%)** 51.52b ± 0.26 57.10d ± 0.39 55.20c ± 0.78 49.80a ± 0.48 
abcd values in the rows bearing different superscripts differ significantly. *P<0.05; **P<0.01 

 

Table 4 - Effect of feeding complete rations on intake and balance (g / d) of N, Ca and P in buffalo bulls 

Particulars CR1 CR2 CR3 CR4 

Nitrogen, g/d 

Intake  130.47 130.77 131.45 129.46 

N outgo, g/d 

In Faeces  63.72 64.66 63.08 63.56 

In Urine** 15.89a 14.79a 17.23b 14.89a 

Total 79.61 79.45 80.30 78.44 

N balance 

g/d 50.86 51.31 51.14 51.01 

Percent of intake 38.98 39.24 38.91 39.40 

Percent of absorbed** 76.19b 77.63c 74.81a 77.42bc 

Calcium, g/d 

Intake  54.21 55.23 54.95 55.54 

Ca outgo, g/d 

In faeces * 35.93a 37.17ab 37.92b 36.39a 

In Urine** 3.90a 3.77a 4.47b 5.28c 

Total** 39.83a 40.94ab 42.39b 41.67b 

Ca balance 

g/d* 14.38b 14.29b 12.56a 13.88ab 

Percent of intake* 26.53b 25.87b 22.85a 24.99ab 

Percent of absorbed** 78.65b 79.12b 73.67a 72.40a 

Phosphorus, g/d 

Intake 28.90 29.63 29.37 28.65 

P outgo, g/d 

In faeces 11.12 11.82 11.81 11.40 

In Urine** 5.80a 6.19ab 6.70bc 7.04c 

Total 16.92 18.00 17.56 17.25 

P balance 

 g/day 11.97 11.63 11.81 11.40 

Percent of intake 41.43 39.25 40.20 39.78 

Percent of absorbed** 67.33c 65.25bc 63.80ab 61.78a 
abcd values in the rows bearing different superscripts differ significantly. *P<0.05, **P<0.01. 

 

All the buffalo bulls were in positive balance for nitrogen, calcium and phosphorus (Table 4) indicating that 

the complete rations fed to buffalo bulls met the requirements. Further, this might be due to better utilization of 

these minerals due to uniform supply of required nutrients by complete feeds. Positive N, Ca and P balances were 

reported by Rekhate et al. (2008) in goats, Pandya et al. (2009) in crossbred calves and Suresha et al. (2009) in 
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goats fed complete ration. The nitrogen retention expressed as % absorbed was higher (P<0.01) in CR2  compared 

to CR1 and CR3 while, no significant difference was observed among CR2 and CR4. These results corroborated with 

the findings of Raja Kishore (2012) who reported higher (P<0.01) N retention in maize stover based complete 

ration compared to either red gram straw or black gram straw based complete rations. High N retention observed in 

buffalo bulls fed CR2 might be due to better digestibility of nutrients leading to optimal utilization of dietary N by 

rumen microbes (Reddy et al., 2002) or poor quality of nitrogen in other crop residues (Sihag et al., 2008). The 

calcium retention expressed as % absorbed was higher (P<0.01) in CR2 compared to CR3  and CR4 while, no 

significant difference was observed between CR1 and CR2. Similar observation was reported by Raja Kishore 

(2012) in buffalo bulls. However, the phosphorus retention expressed as % absorbed was higher (P<0.01) in CR1  

compared to CR3 and CR4 while, no significant difference was observed between CR1 and CR2.   

  

CONCLUSION  

 

It is concluded that maize stover was superior roughage source among the locally available crop residues 

considered for inclusion in complete rations of buffalo bulls. 
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ABSTRACT: This study was conducted to investigate the special features of topography and 

macrostructure of some somatic and visceral lymph nodes of the dromedary (Camelus dromedarius). 

The result of the study demonstrated that the arrangement and the morphometric characteristics of 

some lymph nodes of camel correspond to the analogical indices of cattle. At the organ level, the 

lymph nodes of camel congregate; they are partially fused. A pattern of spatial orientation of these 

nodes is not established. Lymph nodes of dromedary (Camelus dromedarius) according to their 

topography and linear characteristics in general correspond to the similar nodes of cattle. The 

architecture of the lymph node dromedary (Camelus dromedarius) differs from that shown in the 

conventional patterns of other mammalian animals, generally formed of a plurality of aggregates, 

the latter are surrounded by a connective tissue which extends over the whole area surface lymph 

node and each cluster is a node itself. Vascular distribution in these lymphoid aggregates is relatively 

abundant and each node receives one or two afferent lymphatic’s and is drained by four or five 

efferent lymphatic’s. In approximately half of nodes examined, there was extra nodal communic-

ations between the lymphatic vessels (afferent and efferent), allowing to bypass the lymph node.  

Lymph nodes are characterized by their dromedary lobule appearance and size. 

 

Key words: Lymph Nodes, Dromedary, Topography, Macrostructure. 

 

INTRODUCTION 

 

Single-humped Camel (Camelus of dromedarius), is one of the basic forms of productive mammals in the 

countries of North Africa and Near East (Yagil et al., 1994). The adaptation of this species of animals to the extreme 

desert living environment contributed to the appearance of a whole series of structural-functional special features 

in the life-supporting systems of organism (Zine Filali and Shaw, 2004; Kamoun et al., 1989). In many works, they 

are noted the high adaptive properties of the organs of the immune system of camel, which is manifested, above 

all, by significant resistance to a variety of infections and infestations  (Kayouli et al., 1995). In the literature to the 

present day, they are encountered the contradictions, which are concerned the special features of the structural-

functional organization of the blood and immune protection of camel. In this case one of the basic contradictions is 

the assertion about the uniqueness of the structure of the lymph nodes, in parenchyma of which lack a clear 

zonation, typical of all other mammal species which demonstrated by AbdelMagied et al., 2001). There is no single 

point of opinion about the special main intra site features in the lymph nodes of the camel (Soliman and Mazher, 

2005; Taher et al., 1979). For the explanation of all existing contradictions conducting a comprehensive study of 

the lymph nodes of camel at the different levels of structural organization from the organ to the sub cellular is 

necessary. This work is dedicated to a study of the special features of topograph y and macrostructure of the basic 

somatic and visceral lymph nodes of dromedary (Camelus of dromedarius) 

 

MATERIALS AND METHODS 

 

Work is executed in the laboratory of histology, immunology-cytology chemistry and pathology-morphology of 

the scientific research bio-safety center and ecological control of resources, with the department of the general and 

pathologic anatomy of agricultural animals of Dnepropetrovsk DNAY. We have Investigated the somatic lymph 

nodes (parotid, sub-mandibular, superficial cervical, axillary, popliteal) and visceral (medial retropharyngeal, caudal 

mediastinal, portal, jejunal, medial iliac) lymph nodes (Ln) of mature dromedaries (Camelus dromedarius). The 

selection of material was produced on healthy animals, in the slaughter house of Ouargla city, Algeria. They were 

Determined the topographic and the macroscopic characteristics, the morphometric parameters indices of lymph 

nodes. Length and the width of organs were measured with the aid of the rule with accuracy to 0,01 cm. The 
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absolute mass of organs was determined with the aid of the analytical balance KERN-440-35A. Numerical data 

were processed with the use of a standard program packet “statist SF”. 

 

RESULTS AND DISCUSSION 

 

The results of our studies demonstrate the lymph nodes congregate, formed as a result of the partial union of 

smaller units, which gives to units’ characteristic lobulation (Figure 1).  In our studies we did not reveal any specific 

regularity in the arrangement of the separate nodes (small units) within the limits of the congregate. The forming 

congregate units grow together predominantly by their sides. In this case in each lymph node unit, we can see 

thickenings of capsule, oriented in different directions, and clearly are distinguished.   

 

 
 

Figure1. Sub mandibular lymph node of mature dromedary (Camelus dromedarius): 

Common form (tuberosity of surface); View of section (lobulation). 

 

Among the somatic units studied, Smaller sizes among the somatic lymph nodes relative have superficial 

cervical and sub-mandibular nodes. Superficial cervical lymph nodes are constant, oval- elongated form. These 

lymph nodes are located cranioventrally, from the humeral joint, covered with brachio-cephalic and brachio-

atlantum muscles (Table1). 

 

Table 1 - Absolute and relative mass of some somatic and visceral lymph nodes in mature camel (M±m) 

Somatical Lymph nodes   N°   Absolute mass, g  Mass ratio, % 

Parotid 

Sub-mandibular 

The superficial cervical                                                                                           

Axillary 

Popliteal 

12  

8 

13 

6 

11 

4,20±0,30     

8,47±0,51 

8,66±0,31 

5,53±0,43 

6,43±0,31 

0,011±0,006 

0,021±0,001 

0,020±0,001 

0,015±0,001 

0,016±0,001 

Visceral Lymph nodes N°   Absolute mass, g  Mass ratio, % 

The medial retropharyngeal 

Caudal  mediastinal 

Portal 

Jejunal 

The medial iliac 

12 

11 

8 

7 

8 

10,02±0,26 

20,45±1,70 

8,15±0,24 

4,99±0,46 

7,15±0,50 

0,025±0,001 

0,052±0,003 

0,020±0,001 

0,013±0,001 

0,018±0,001 

 

Outside the units of congregates, covered with capsule consist of dense fibrous connective tissue, and the 

space between their separate units (lobules) filled with friable cellulose tissue (friable unformulated connective 

tissue), that gives to the lymph nodes of camel the similarity to the grooved multi-papillary kidney of the mammals 

or the salivary gland. In general, the lymph nodes of camel have sufficiently dense consistency (dense texture), and 

their lobulation isperceived even through the skin during the palpation. 

Sub-mandibular lymph nodes are sharply lobed (Figure 1). They are Located in the corner of the lower jaw on its 

medial surface. Dorsally it borders on the mandibular salivary gland, and ventrally with the sublingual and facial 

veins (Figure 1). The absolute mass of superficial cervical lymph node is: 8,66±0,31 g, sub mandibular: 8,47±0,51 

g, mass ratio 0,020±0,001% and 0,021±0,001% respectively. The superficial cervical lymph nodes length  

reaches7,83±0,34 cm, sub-mandibular: 6,88±0,61 cm, the width 4,71±0,27 cm and 4,53±0,27 cm respectively 

(Figure 2). 
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Figure 2. Morphometric indices of some somatical lymph nodes nodes of the camel 

 

 

 
Figure 3. Morphometric indices of some visceral lymph nodes of camel (camelus dromedaries) 

 

Parotid lymph node has the smallest morphometric indices among the somatic nodes of the camel.  Its 

absolute mass reaches 4, 20±0,30 g, with mass ratio - 0,011±0,006%. The length is 3, 53±0, 21 cm, but width 

does not exceed 2, 07±0, 26 cm. Among the camel visceral lymph nodes studied, the maximum size being 

investigated has the caudal mediastinal lymph node. Its sizes and morphometric characteristics more than twice 

exceeding the analogous indices of the largest somatic lymph nodes (see tables).  

Caudal mediastinal lymph node large, unpaired, has a form of the curved triangle. It is located in the caudal 

mediastinal on the latero-dorsal surface of oesophagus and the ventral surface of the thoracic aorta. Caudally it 

reaches the tenth thoracic vertebra, but due to the significant size of some animals may it can be up to the first 

lumbar vertebra. The absolute mass of caudal mediastinal lymph nodes, reaches 20,45±1,70  g, with mass ratio  -  

0,052±0,003%. Average length reaches 26,75±1,58  cm,  width exceed 17, 33±1,26 cm (Figure 3). 

The largest of lymph nodes in camel appears medial retropharyngeal. It’s the paired, lobule, divided into two 

parts. It will be Stir in the cranial section of neck, along the sides of the lower part of the pharynx. The dorsal 

surface of lymph nodes is divided by the groove, in which passes the carotid artery. The medial retropharyngeal 

lymph nodes absolute weighs: 10, 02±0,26 g with relative weight 0,025±0,001%.  

The morphometric indices vary between 7,32±0,29 cm in length and 6,06±0,28 cm in width. Average values 

of mass and linear measurements are characteristic of lymph nodes of organs and walls of abdominal cavity 
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(hepatic and medial iliac nodes). The hepatic lymph nodes, which can be inconstant, the extra hepatic and the 

additional lymph nodes are located in the site of attachment to the small gland in the groove, around the portal 

vein; it is partially hidden in the pancreas. 

The medial iliac lymph node of the camel consists of two assemblies (large and small). This relatively large, 

with the bumpy surface, they lie on the small lumbar muscle at the corner formed by external and internal iliac 

arteries. Left medial iliac lymph node sometimes merges with the sacral lymph node.  The absolute mass of the 

hepatic of lymph nodes reach 8,15±0,24 g and of the medial iliac: 7,15±0,50 g, which  composes 0,020±0,001 

and 0,018±0,001% respectively from the mass of the body of animal. The length of the hepatic of lymph nodes 

reaches 6,73±0,16 cm, and the medial iliac of 5,11±0,32 cm, the width vary respectively 5,44±0,08 and 

3,65±0,28 cm. 

The jejunum lymph nodes are most numerous among the nodes of the abdominal cavity of camels. These 

groups are circular or oval lymph nodes, which are located along the attachment of the mesentery to the small 

intestine. Absolute mass of largest jejunum lymph nodes reach 4, 99±0,46 g, which corresponds to 0,013±0,001% 

of the mass of the body of camel. Length does not exceed 3, 29±0,29 cm, but the width of 2,44±0,21 cm. The 

results of our study obtained, suggest that the topography of the investigated lymph nodes of dromedary (Camelus 

dromedarius), generally corresponds to the same in cattle (Анатомія свійських тварин, 2001; Цюнская et al., 

1965). Some differences touch the medial retropharyngeal lymph nodes. These nodes are connected with the head 

and the neck in this species of mammals. As a result, the lymph nodes are not located on the dorsal wall of the 

pharynx, as in other mammals, but on its latero-ventral surface in the cranial division of the cervical region. 

Some special features touch the typical arrangement of the popliteal lymph nodes of camel, in comparison 

with similar lymph node in cattle; they are displaced distally and are located on the caudal surface of the tendon of 

gastrocnemius muscle.  Caudal mediastinal lymph node in camel is much more developed than that of cattle. This 

node is clearly delimited from middle mediastinal of lymph nodes. Macroscopically, the structure of the lymph 

nodes of camel largely similar degree analogous to the nodes in horses, the findings of this study are in agreement 

with the one shown in Анатомія  свійських тварин  (2001). Unlike horses in which small units within particular 

central nodes are absolutely isolated independent organs, in camel, they grow into different degree together 

between themselves forming congregate of lymph node; In this case, in spite the fusion of the individual sections of 

parenchyma of nodes, their gates remain in the majority of the cases isolated. This result is in agreement with 

Taher et al. (1979) and Soliman and Mazher (2005). 

Some author indicates the similarity of the macroscopic structure of the lymph nodes of camel with the 

relevant domestic pigs, these lymph nodes are also formed as a result the consolidations of separate small units. 

However, it should be noted that the degree of fusion of nodes in a single organ of pig is more expressed, in 

consequence of which they greater resemble to tuberous conglomerations, than congregate, which is characteristic 

for the lymph nodes of camel (Тішкіна, 2007; Гаврилин et al., 2007). 

We also know that because of the special arrangement of the efferent lymph nodes and lymph movement in 

pigs occurs in the "opposite" direction from the portal sinus to the boundary (Тішкіна, 2007).  The data about the 

nature of the dynamic of lymph in the nodes of the camel are contradictory. Information about the fact that the 

bearing and efferent lymphatic vessels in the lymph nodes of camel were found in one and the same section of 

their capsule, on the convex surface of nodes, will not be coordinated with the current ideas brought by Taher 

(1963) and Soliman and Mazher (2005). About the principles of the circulation of lymph in the organism of 

mammals and require conducting the additional studies.  

The linear characteristics of the lymph nodes of camel (Camelus dromedarius) mostly vary in the same limits, 

as the lymph nodes of cattle with an appropriate body weight, the result agree with Гаврилін (2000). According to 

the data of Шура И.В, some visceral lymph nodes of camel (caudal  mediastinal, medial  iliac) are developed to 

greater extent, which is probably caused by the higher degree of the functional activity of unites under the 

conditions of the living environment of characteristic for the dromedaries. 

 

CONCLUSIONS 

 

The lymph nodes of dromedary (Camelus dromedarius) according to their topography and linear 

characteristics in general correspond to the similar nodes of cattle and macroscopic structure- they occupy the 

intermediate position between the corresponding lymphatic organs of horse and pig. Macroscopically, the lymph 

nodes of camel congregate; they are partially fused, structural-functional units (small units) without evidence of the 

specific attitude. 
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ABSTRACT: The effect of feeding graded levels of  boiled sorrel seed meal (BSSM) at 0,15,30,45 and 

60% as replacement for groundnut cake in the diet of 200 seven day old chicks of Isa brown x 

Goldline cockerel on heamatological and serum biochemical indices was assessed in a 14week 

feeding trial. Each treatment consisted of forty birds and was replicated four times with 10 birds per 

replicate in a completely randomized design. At the end of the experiment, blood samples were 

randomly collected from four birds in each group for heamatological and blood chemistry studies. 

BSSM at 60% significantly (P<0.05) increased the values of RBC, Hb, WBC, PCV and MCV although 

they were within normal ranges. Total protein and albumin were significantly (P<0.05) increased 

while creatinine was significantly (P<0.05) reduced by higher levels of BSSM in the diet. It was 

concluded that up to 60% of GNC can be replaced by BSSM in the diet of cockerels without adverse 

effects on blood characteristics. 

 

Keywords: Cockerels, Boiled Sorrel Seed Meal, Heamatology, Serum Biochemistry   
 

INTRODUCTION  
 

The use of groundnut cake and soya bean meal as the only source of protein in poultry diet is generally 

becoming economically impracticable in Nigeria. Due to soaring price of these conventional feed ingredients (Ubosi, 

1986) in developing countries, commercial poultry enterprises are closing down.  So the development of cheap and 

readily available alternative sources of feed ingredient in poultry nutrition is currently receiving attention. One of 

such non-conventional feed ingredient that can be used as an alternative to groundnut cake, soya bean cake and 

fish meal is the sorrel seed meal (Hibsicuss sabdariffa). It is less competed for by both human and livestock and 

hence not expensive. The leaves are used as vegetable by humans and the stem produces fibre while the seeds on 

the other hand are widely eaten by scavenging poultry (Philips, 1977).  

In avian species, hematobiochemical studies are almost always performed for research purposes in order to 

evaluate the effect of rearing technique,  feeding regimes, environmental condition and toxicity levels (Vergal et al., 

1984; Duwa et al., 2012; Kabir, 2012). Swenson (1993) reported that the erythrocyte indices are used to measure 

the size and haemoglobin content of erythrocytes and values are useful in diagnosing diseases, toxicity level and 

aneamia. Awoniyi et al. (2000) also reported that haemoglobin and haematocrits values are influenced by 

temperature. The PCV which measures the cellular concentration of RBC in relation to the plasma volume is usually 

the first indicator of aneamia. This study was designed to determine the effect of boiled sorrel seed meal as 

replacement for groundnut cake on blood parameters of broilers under a semi-arid condition.  

 

MATERIALS AND METHODS 

 

Experimental Site 

The study was conducted at the Poultry Production Unit (PPU) of Borno State Ministry of Agriculture and 

Natural Resources Maiduguri. The farm had standard deep litter houses. The study area lies between Latitude 110 – 

51ˈN and longitude 0130 - 05ˈE and had an altitude of 354m above sea level. It is characterized by hot and dry 

climate and short duration of erratic rainfall (3 – 4) months per annum and a long period of dry season. Ambient 

temperatures are low in December to January ranging from 15 – 19oC and high in March to June, ranging from 33 

– 44oC and low relative humidity ranging from 5 – 43.5% (Alaku, 1983). 
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Experimental Stock and Diet 

Two hundred 7 days-old Isa brown x Goldline cockerel chicks were used for the study. The cockerel chicks 

were individually weighed and randomly selected and allocated to each of the five replacement levels of groundnut 

cake replaced by boiled sorrel seed meal (BSSM) in a completely randomized design. Each treatment consisted of 

forty birds and was replicated four times with 10 birds per replicate. The sorrel seed meal was incorporated at 0, 

15, 30, 45 and 60% level of replacement for groundnut cake respectively as shown in the Tables 1 and 2. The sorrel 

seeds used in this study were procured locally around Maiduguri and processed as follows; 25kg of sorrel seeds 

were cleaned and boiled in water for 30 minutes at 100OC in an aluminum pot, sun-dried for three days, then milled 

and incorporated into the diets of cockerels.  

Each treatment received one of the diets. Feed and clean drinking water were provided ad libitum throughout 

the experimental period of 14 weeks.   

 

Table 1 -  Composition of chick mash containing varying levels of boiled sorrel seed meal 

Ingredients (%)      
Replacement levels of groundnut cake by boiled sorrel seed meal 

(Control 0%) 15% 30% 45% 60% 

Maize 

Groundnut cake  

Sorrel seed meal  

Wheat offals 

Fish meal 

Bone meal  

Methionine 

Lysine  

Salt 

Premix 1 

57.47 

20.28 

0.00 

13.00 

5.50 

3.00 

0.10 

0.10 

0.30 

0.25 

56.97 

17.24 

3.04 

13.00 

6.00 

3.00 

0.10 

0.10 

0.30 

0.25 

55.97 

14.20 

6.08 

13.00 

7.00 

3.00 

0.10 

0.10 

0.30 

0.25 

54.97 

11.15 

9.13 

13.00 

8.00 

3.00 

0.10 

0.10 

0.30 

0.25 

53.97 

8.11 

12.17 

13.00 

9.00 

3.00 

0.10 

0.10 

0.30 

0.25 

TOTAL 100 100 100 100 100 

Calculated analysis    

Crude protein (%) 

ME (kcal/kg) 

Crude fibre (%) 

Calcium (%) 

Phosphorus (%) 

Lysine (%) 

Methionine (%) 

19.93 

2807.24 

3.84 

1.08 

1.01 

0.87 

0.32 

19.91 

2802.70 

4.14 

1.01 

1.07 

0.99 

0.36 

19.88 

2795.70 

4.45 

1.06 

1.15 

1.15 

0.41 

19.67 

2788.10 

4.75 

1.12 

1.13 

1.29 

0.45 

19.56 

2780.0 

5.06 

1.17 

1.14 

1.44 

0.49 
1 Bio-mix chicks supplied /kg Vit. A = 4,000,000.00 IU, Vit. D3 = 800,000.00 IU Vit. E = 9,200.00mg, Niacin = 11,000.00mg Vit B1= 

720.00mg, B2 = 2,000.00mg B6 = 1,200.00mg, 1200.00mg B12 = 600mg; K3 = 800.00mg, Pantothenic acid = 3,000.00mg; Biotin = 

2,400.00mg, Folic acid = 300.00mg; Iodine 400.00mg; Iron = 8,000.00mg, manganese = 16, 000.00mg; selenium = 80.00mg; zinc = 

12,000.00mg; Anti oxidant = 500.00mg. 

  

 

Table 2 - Composition of growers mash diet containing varying levels of boiled sorrel seed meal 

Ingredients (%)     
Replacement levels of groundnut cake by boiled sorrel seed meal 

(Control 0%) 15% 30% 45% 60% 

Maize 

Groundnut cake  

Sorrel seed meal  

Wheat offal 

Fish meal 

Bone meal  

Methionine 

Lysine  

Salt 

Premix * 

67.37 

9.88 

0.00 

16.00 

3.00 

3.00 

0.1 

0.10 

0.30 

0.25 

66.87 

8.40 

1.48 

16.00 

3.50 

3.00 

0.1 

0.10 

0.30 

0.25 

66.37 

6.92 

2.96 

16.00 

4.00 

3.00 

0.1 

0.10 

0.30 

0.25 

65.87 

5.43 

4.45 

16.00 

4.50 

3.00 

0.1 

0.10 

0.30 

0.25 

65.37 

3.95 

5.93 

16.00 

5.00 

3.00 

0.1 

0.10 

0.30 

0.25 

TOTAL 100 100 100 100 100 

Calculated analysis   

Crude protein (%) 

ME (kcal/kg) 

Crude fibre (%) 

Calcium (%) 

Phosphorus (%) 

Lysine (%) 

Methionine (%) 

15.00 

2849.52 

3.85 

1.30 

1.03 

0.61 

0.25 

14.90 

2845.90 

3.99 

1.37 

1.04 

0.67 

0.28 

14.90 

2845.90 

4.15 

1.50 

1.11 

0.75 

0.3 

14.93 

2838.64 

4.29 

1.48 

1.12 

0.82 

0.32 

14.80 

2835.01 

4.44 

1.46 

1.13 

0.89 

0.35 
* Bio-mix Grower supplied /kg, Vit. A =4,000,000.00 IU, Vit. D3 = 800,000.00 IU, Vit. E = 10,000.00mg, K1 = 200.00mg, B2 = 1000.00mg; 

Pantothenic acid = 3,500.00mg, Biotin = 1,500.00mg, Folic Acid = 200,000mg, Choline Chloride = 120,000.00mg, cobalt = 80.00mg; 

copper = 800.00mg, lodine = 100.00mg, Iron = 15,000.00mg; Manganese = 60,000.00mg Selenium = 400.00mg; Zinc =15,000.00mg, 

Anti oxidant = 400.00mg.  
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Blood Collection and Analysis 

At the end of the experiment, blood samples were randomly collected from four birds in each group for 

heamatological and blood chemistry studies. Each blood sample were taken from the wing-vein by means of a 

sterile disposable (21-guage) syringe and needle, and then into sample bottles containing dipotassium salts of 

ethylene diamine tetra-acetic acid (EDTA) for heamatological studies while samples for biochemical indices were 

collected into anticoagulant free tubes and allowed to clot. Sera were obtained after the blood sample has been 

allowed to stand for two hours at room temperature and centrifuged for ten minutes at 2000 rpm to separate the 

plasma from the serum. 

Microhaematocrit method was used to determine packed cell volume (PCV) and cyanmethaemoglobin 

method was used to determine haemoglobin (Hb). Red blood cell (RBC) and white blood cell (WBC) counts were 

determined using Neubauer haemocytometer. Mean corpuscular volume (MCV), Mean corpuscular hemoglobin 

(MCH) and mean corpuscular hemoglobin concentration (MCHC) were calculated according to the standard formula 

of Schalm et al. (1985).  Total protein was determined, using the burette method and urea was by the dimethethyl 

monoxide method. Creatinine was determined by Jaffe reaction method while serum albumin was obtained using 

the dye–binding technique with bromocresol green. Serum potassium, Calcium and sodium were determined by 

the calorimetric method (Daumas, 1975; Varley et al., 1980; Henry et al., 1974; WHO, 2003). 

 

Statistical analysis 

Data were analyzed as a completely randomized design using the General Linear Model (GLM) procedure of 

the Statistical Analysis Software package (SAS Institute, 2002), means were compared using the least significant 

difference (LSD). 

 

RESULTS AND DISCUSSION 

 

The heamatological indices of cockerels fed different levels of boiled sorrel seed meal (BSSM) are shown in 

Table 3. A significant difference (P<0.05) was observed for all the parameters measured. Mean corpuscular 

heamoglobin values were depressed (P<0.05) by BSSM at levels above 15%. MCHC was significantly lowered 

(P<0.05) at 60% levels of replacement.  

 

 

 

Table 4 - Blood parameters of cockerels fed on diets containing varying levels of sorrel seed meal as a 

replacement for groundnut cake 

PARAMETERS 
Replacement levels of GNC by BSSM 

0% 15% 30% 45% 60% ± SEM 

Protein (g/dl) 4.22c 4.98b 5.11b 6.88a 6.82a 0.472* 

Albumin (g/dl) 2.96c 3.78b 4.41a 3.87ab 3.98ab 1.881* 

Globulin (g/dl) 1.24 1.07 1.01 2.99 2.92 0.121NS 

Glucose (Mmol/L) 9.33b 8.68b 9.85b 9.94b 12.14a 0.148* 

Cholesterol (mg/dl) 3.33 3.12 2.98 3.04 2.82 0.220NS 

Urea (mg/dl) 4.56a   3.11ab 2.19c 3.36ab 3.29ab 1.061* 

Creatinine (Mmol/L) 47.37ab 44.88b 50.02a 41.18c 40.11c 6.014* 

Sodium (Mmol/L) 142.11a 140.10a 135.19b 134.34b 140.56c 11.180* 

Potassium (Mmol/L) 4.19a 2.67c 3.81ab 5.73a 3.08ab 1.011* 

Calcium (Mmol/L) 1.37c 2.48a 1.97b 1.88b 2.77a 0.107* 

Bicarbonate (Mmol/L) 18.2 17.31 19.07 19.58 19.11 1.010NS 

Total Bilirubin (mg/dl) 4.12c 6.10a 4.80c 5.71b 7.18a 1.013* 

Conjugated Bilirubin (mg/dl) 5.14b 3.26c 5.01b 6.44a 5.19b 1.870* 

Alkaline Phosphatase (IU/L) 40.47 41.39 39.79 40.19 40.73 1.347NS 

AST (IU/L) 11.31 9.18 10.89 11.01 11.89 2.531NS 

ALT (IU/L) 10.78 10.96 8.91 9.1 10.11 1.499NS 
a, b, c, d Means within the same row bearing different superscripts differ significantly (P<0.05), SEM – Standard Error of Means, NS – Not 

significant (P>0.05), * Significant difference (P<0.05) 

Table 3 -  Blood parameters of cockerels fed on diets containing varying levels of sorrel seed meal as a 

replacement for groundnut cake  

Parameters   
Replacement levels of GNC by BSSM 

(0%) 15% 30% 45% 60% ±SEM 

RBC x 106/ dl 3.45d 4.60c 4.40c 7.32b 9.51a 0.165* 

WBC x 103/mm3 14.00c 17.75b 17.25b 18.25ab 21.50a 1.071* 

Hb (%) 15.25d 16.20cd 18.45ab 17.47bc 19.40a 0.434* 

MCHC (g/l) 33.52b 33.30b 35.25ab 33.27b 25.48c 0.484* 

MCH (µg) 28.67a 27.88a 24.65b 24.20b 25.28b 0.558* 

MCV (ft) 126.75c 141.90ab 141.75ab 136.65b 144.85a 1.703* 

PCV (%) 26.50b 26.00b 26.00b 27.50a 28.50a 0.418* 
a, b, c, d Means within the same row bearing different superscripts differ significantly (P<0.05), SEM – Standard Error of Means, NS – Not 

significant (P>0.05), * Significant difference (P<0.05) 
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All other parameters measured were however higher (P<0.05) in the group fed the highest replacement 

levels compared to the control. The values obtained for all the heamatological indices were similar to ranges 

reported by Kwari et al. (2010) and Duwa et al. (2012) when cockerels were fed dietary sorrel seed meal. Similarly, 

the values are within the ranges reported by CCAC (1980) and Merck (1986) for normal chicken. This shows that 

BSSM had no adverse effect on erythropoiesis and is an indication that the diet did not cause nutrient restriction. 

Results of the biochemical indices for cockerels fed BSSM are shown on Table 4. No effect (P>0.05) of 

dietary BSSM was seen on the following parameters; globulin, cholesterol, bicarbonate, Alkaline phosphatase, ALT 

(Alkaline Amino Transferase) and AST (Aspartate Amino Transferase) which is an indication that BSSM has no toxic 

effect. This is contrary to the report of Kwari et al. (2010) who fed differently processed sorrel seed meal. The 

results however showed that total protein value rose with increased levels of dietary BSSM, although a statistical 

difference (P<0.05) was observed for values of albumin no specific trend was noticed. Urea levels were similar 

(P>0.05) between the control and other treatments except the group offered 30% replacement which had lower 

values. Creatinine was however, depressed (P<0.05) by higher levels (45 – 60%) of BSSM compared to the control. 

It has been reported by Butani et al. (2002) that dietary protein affects serum creatinine by elevating it values. 

Hence, the difference observed in this work may be as a result of the higher protein in GNC compared to BSSM and 

not an impairment of renal function.  Glucose level was highest (P<0.05) in the group with 60% replacement level. 

Levels of Sodium (Na+), Potassium (K+) and Calcium (Ca2+) all differ among treatments. Sodium at the highest level 

of replacement (60%) was similar (P>0.05) to the control group. Potassium was depressed at 15% level of inclusion 

of BSSM but it was similar for all other groups. Generally, calcium levels were higher in the groups fed BSSM. This 

may be attributed to the higher calcium levels in sorrel seeds compared to groundnut cake (Kwari et al., 2011).          

It has been reported that heamatological and serum biochemical indices are affected by nutritional status of 

an individual (Adeyemo et al., 2010; Kwari et al., 2011; Obikaonu et al., 2011) 

 

CONCLUSION 

 

It was concluded that up to 60% of dietary groundnut cake can be replaced with BSSM without adverse 

effects on heamatology and serum biochemical parameters of cockerels. 
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ABSTRACT: The potential of making silage using dry browse legume hay (Acacia angustissima, 

Leucaena leucocephala, Calliandra callothrysus and Macroptilium Atropurpureum) mixed with fresh 

cactus (Opuntia ficus-indica) for winter supplementation of veld grass was evaluated using the 

proximate, tannins and the pH analyses. Chemical analysis revealed that N values were significantly 

increased (P<0.05). The N levels were 3.72, 4.5, 4.05, and 2.5% DM for A. angustissima, L. 

leucocephala, C. callothrysus and M. atropurpureum respectively, which were higher when compared 

to silage made from cereals. The NDF and ADF values were slightly higher than those reported in 

literature for cereal silages. The DM level of cactus –browse silage was very good (41%DM) 

considering that cactus normally have less than 10% DM. The silage pH was within the reported 

range, ranging from 3.97 to 4.11 on a pH meter. This was a good indicator of silage quality 

considering that low pH inhibit undesirable microbial activities. The tannins levels were lower in the 

silages but significantly different (P<0.05) between browse legume species. Ensiling lowered the 

tannin levels in the silage compared to the individual browse legume tannin levels. This study 

concluded that purely on compositional laboratory analysis, the legumes and cactus can be used to 

make silage which can be used by farmers during dry season. 

 

Key words: Opuntia ficus indica, Silage, Browse Legumes, Tannins, pH, Nitrogen 

 

INTRODUCTION 

 

Livestock play a very crucial role in poverty alleviation, food and nutritional security for the country (Gambiza, 

et al., 2000; Ngongoni et al., 2006, 2009; Odongo et al, 2010). However, fluctuations in both quality and quantity of 

feed make the sector unreliable and susceptible to high livestock mortality and low productivity (Vasta et al, 2008; 

Ngongoni et al, 2009). Therefore, there is need to conserve forage as silage for utilization in times of deficits, 

especially in dry season. The materials for making silage have been limited to cereals which lead to direct 

competition with humans. Utilization of cactus, which is readily available (Nefzauoi et al., 2010), and included in the 

list of invasive or weed species (Tibe et al., 2008) could be a solution in maximizing available feed for winter 

supplementation. However, cacti have low dry matter content and very low CP ( Batista et al., 2003; Gebnemariam 

et al., 2006) making it very difficult to make silage (De Kock, 2001; Meiteka, 2008). Browse legumes are a good 

source of nitrogen (Mupagwa et al., 2003; Ngongoni et al., 2007) but with varied degree of digestibility due tannins 

(Nefzauoi et al., 2002; Ben Salem et al., 2004, 2005; Makkar, 2003). Mixing cacti with high soluble carbohydrates 

and browse hay with high nitrogen to improve dry matter and CP level in silage could be a way to provide high 

quality feed available for the dry season (Curek et al., 2009). The objective of this study was to determine the 

quality of silage produced when cacti and browse hay are mixed and ensiled as well as to evaluate the acceptability 

of this silage by ruminant animals.  

 

MATERIALS AND METHODS 

 

Study site 

The experiment was conducted at Makoholi Research Station, 32 km North of Masvingo Town on 19050’ S 

and 30047’E. Rainfall is unreliable both within and between seasons (mean annual 565mm and range from 133 - 

1155mm). The altitude averages 1200m above mean sea level.  The Station lies in agro-ecological region IV. Its 

soils are granite derived with typical arable topsoil, which consists of sand 96%, silt 2% and clay 2%. Soils are 

http://www.science-line.com/index/
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inherently infertile and plant growth and ranch cow fertility are severely limited by the unavailability of nitrogen and 

phosphorus. 

 

Sample preparations 

Four browse legume trees biomass were harvested separately between January and March. The harvested 

biomass were air dried under shade for five days to approximately 88% dry matter (DM) before being separately 

stored in a dry place with proper ventilation. Each browse hay was then mixed with fresh cut cactus (Opuntia ficus 

indica) before ensiling. The native species of cactus was used and the spines were removed using fire before 

maceration. The silage was made using 60 % fresh cactus and 40 % browse hay and ensiled in polythene bags on a 

weight/weight basis. Two percent molasses was added in the mixture to enhance fermentation. Ten bags of each 

containing twenty kilograms of treatment were made as replicates. The silage was incubated for 42 days in a 

rodents free room. After 42 days of incubation a sample was taken from each treatment bag for analysis. The 

samples were analysed for pH and oven dried. The samples were ground through a 3mm screen, using a Wiley 

hammer mill and analysed for chemical composition and silage quality. The other treatment bags were used in 

palatability feeding trial using goats, beef and dairy cattle at Makoholi research Station. 

 

Chemical composition analysis  

The Opuntia ficus-indica-legume silage was analysed for dry matter (DM), organic matter (OM), Nitrogen (N),   

(AOAC, 2000). Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined according to the 

procedure of Goering and Van Soest (1970). Total ash was obtained by igniting a dried sample in a muffle furnace 

at 600oC for 24 hours and calcium and phosphorous was determined by the EDTA method and spectrophotometer 

method, respectively. The total condensed tannins (TCT) in the silage was analysed using the Butanol-HCI method 

by Swain and Hillis (1959) and modified by Porter et al. (1986). Silage pH was determined using a pH meter. 

 

Palatability studies with Mashona cows 

Sixteen lactating beef cows were used to evaluate acceptability of the silages made out of cactus and browse 

legume hay. In a complete randomized block design, twelve cows were assigned into four treatment diets. Each 

animal was given 3 kgs of silage per day in the morning before they were taken to the paddocks for grazing. The 

amount eaten was measured and refuse was also measured.  The study was carried for ten days. The data was 

then analysed.  

 

Dairy crossbreed trial 

Sixteen dairy cows were randomly assigned to four treatment diets. The cows were offered 3 kgs of 

treatment diet per day after milking. The amount eaten that was and that was left out, was measured. The trial 

lasted for 10 days and the data was analysed. The animals were allowed graze after the treatment diet was offered. 

 

Goats trial 

Sixteen lactating Small East African goats were used to assess the acceptability of the silage made out of 

cactus and browse legume hay. In completely randomized design twelve goats were assigned to four treatment 

diets with four replicates per treatment. The goats were offered 500 grams of the treatment diet per day. The feed 

eaten was measured so as the refusals. 

 

Statistical analysis 

Analysis of variance on the chemical composition of the silage was carried out using the GLM procedure of 

SAS (SAS, 2000). Contrasts were carried out to examine the effect of browse type on N, ADF TCT and pH of the 

silage quality. Comparison of treatment means was done using the Tukeys method. 

The following model was used: 

Yijk = μ + Vi + εijk 

Where; 

Yijk = Response variable being DM, CP, ADF, NDF, Ca, P and TCT of each cactus-legume silage 

μ   = Overall mean common to all observations; 

Vi  = Effect of the ith treatment (Leucaena leucocephala, A angustissima, C callothrysus, and Macroptilium 

atropurpureum); 

εij = Random residual error distributed as N (0,1 2
E). 

Analysis of variance was done using PROC GLM procedure of SAS (SAS, 2000) for acceptability of silage.  

The following model was used;  

Yijk = μ + Vi + εijk 

Where; 

Yijk = Response variable being (Intake); 

μ   = Overall mean common to all observations; 

Vi = Effect of the ith treatment diet; (Cactus-Bana grass, Cactus-Leucaena leucocephala, Cactus-A 

angustissima, and Cactus-M atropurpureum) 

εij  = Random residual error distributed as N (0,1 2
E). 
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RESULTS 

 

The chemical composition of the silage 

Chemical analysis results for the four silages are shown in Table 1. The results showed that Cactus-L. 

leucocephala silage (CLLS) (4.51%) had higher nitrogen% (N%) than other silages, Cactus-A. angustissima (CAAS) 

(3.72%), Cactus-C. callothrysus (CCCS) (4.05%) and Cactus-M. atropurpureum silage (CMAS) (2.50%). The silages 

were significantly different (P<0.05) in nitrogen. The silages had no significant differences in levels of NDF, however 

they were significantly different in ADF so as the level of tannins. The tannins content were significantly different 

being highest in CCCS and lowest in CMAS. The pH levels were also significantly different with lowest pH being 

observed in CCLS and highest in CMAS. 

 

Table 1 - The chemical composition values of the silages used in the experiment 

Composition 
Silage mixture 

Significance LSD Grand mean 
CLLS CAAS CCCS CMAS 

Tannins 3.38c 4.58b 8.39a 2.45d *** 0.57 4.48 

%DM 37a 39ab 41bc 43c *** 3.4 40 

%Ash 9.19a 10.61a 9.62a 9.32a *** 1.78 9.16 

%OM 89.8b 87.3a 86.4b 89.5b *** 5.7 88.4 

%N 4.51a 3.72c 4.05b 2.50d *** 0.2 2.85 

%NDF 54.4a 53.3a 54.6a 56.7a *** 2.69 54.7 

%ADF 23.4c 27.2ab 24.7bc 29.6a *** 1.7 24.4 

%P 0.98a 0.84a 0.65a 0.74a *** 0.67 0.06 

%Ca2+ 1.4a 1.432a 0.91c 0.97b *** 0.07 0.81 

pH 3.97a 4.06b 4.03ab 4.11b *** 0.8 4.04 
abc Means in the same row with different superscripts differ; *** - P>0.001. LSD = least significant difference; CLLS – Cactus-Leucaena 

leucocephala silage; CAAS – Cactus- Acacia angustissima silage ; CCCS – Cactus – Calliandra callothrysus silage; CMAS – Cactus – 

Macroptilium atropurpureum silage. 

 
Acceptability of cactus-browse silage 

The results showed that dairy cows, beef cows and goats can consume cactus browse silage freely without 

notable challenges. There was no significant different (P < 0.05) in silages consumption by large ruminants namely 

Dairy crossbred cow and Mashona beef cows. However, the consumption slightly changed in small ruminants with 

CLLS having the highest consumption rate when compared to other silages. All the results are presented in table 2 

below. 

 

Table 2 - Consumption of cactus browse silage 

Diet/silage 

Animal species 

Mashona Beef cows Dairy crossbred cows Lactating goats 

Kg/day Kg/day Grams/day 

CLLS 2.97a 3.00a 457a 

CAASs 2.95a 3.00a 420ab 

CCCS 2.91a 2.98a 397b 

CMAS 2.90a 2.97a 333c 

Probability  P <0.05 P <0.05 P <0.05 

LSD 0.24 0.11 0.47 

Grand mean  2.94 2.98 413 
abc Means in the same row with different superscripts differ 

 

DISCUSSION 

 

Silage quality 

The quality of silage measured using the chemical composition was higher than the normal silage made 

from maize and other grass. It was also more improved silage as compared to the quality of silage obtained by 

Curek and Ozen (2004), which was low in CP. The total N or CP was higher (166 g/kg DM) on average than the 

average of 110 g/kg DM in maize silage (McDonald et al., 2002). The silage which was made using Macroptilium 

atropurpureum had the least CP (15.6 %) value but which was higher than the average for cereals silages (11.0%) 

(McDonald et al., 2002; Nefzaoui et al., 2010). The Calcium (Ca) and Phosphorous (P) values of legumes were 

higher than of cereal and this is depicted in the silage mineral value. The high Ca and P in the silage should be a 

positive output considering that cactus is known to have low phosphorous and the addition legumes has 

complementary effects. Mixing cactus with low fibre dry legume hay improved the DM content, Ca and P levels 

resulting in the production of well balanced silage for dairy, beef and small ruminants. Cactus have very low DM 

and it is difficult to make silage using it fresh or wilted (Nobel, 2001). However, in this study the silage which was 

made had high DM (410g/kg) which was higher than the 210g/kg DM reported by McDonald et al. (2002) for 
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maize as the average. The silage was higher in ADF (21-27 %) compared to maize silage of less than 22 % and this 

is explained by the fact that the silage was made from browse hay which was totally dry before ensiling. The 

process of ensiling done using cactus and browse hay improved the DM for cactus which is normally too low to 

make silage. 

It was observed that the TCT was lower in silage than in the individual browse species reported by Makkar 

(2003), Mupangwa et al. (2003) and Ngongoni et al. (2007). The values reported by D’melo et al. (1995) were 

higher than the findings in this study. This could be attributed to the explanation by Makkar (2003) that storage, 

drying, chemical treatment and solid state fermentation can be used in detanninification of feedstuffs. The levels of 

tannins should have been lowered by the biochemical process that took place during the fermentation activities in 

the silo. He reported that a decrease in the value of total phenol, condensed tannins and protein precipitation 

capacity by 55, 77 and 65% at day 1, 72 and 89 of ensiling respectively. Higher temperatures were reported to 

have an effect on the protein precipitation of tannin and the total condensed tannins. During the ensiling process 

temperature rises above 37°C, which was reported by Makkar (2003) to have a detanninifiction effect. There are a 

number of chemical and biochemical reactions that took place in silo bags that affect the pH and thus causing a 

reduction in total condensed tannins. Makkar (2003) also reported that 40 % ethanol removed about 70 % of the 

tannins in oak leaves; the findings are supported by the finding in this study. 

 

Silage pH as an indicator of Quality 

Silage pH was ranging from 4.0 to 4.23. The values were lower than pH 4.8 which was referred as good silage 

indictor in (Mugweni et al., 2000; McDonald et al., 2002; Curek and Ozen, 2004). The lower the pH the high the 

soluble sugars in the silage ingredients. The cactus has high soluble sugars (Ben Salem and Abidi, 2009) that were 

fermented and adequately reduce the pH to the range that can preserve the silage. Also the addition of molasses at 

2% w/w could have the contribution effect on lowering the pH to the acceptable levels. McDonald et al. (2002) 

reported that legumes are more buffered than grass and are consequently more difficult to ensile satisfactorily. 

This was not the case in this study and could be attributed to high soluble sugar cactus and the addition of 

molasses which ferment and the acid produced increased the hydrogen ion concentration to a level at which the 

undesirable bacteria are inhibited. 

 

Acceptability of the silage to livestock 

All the categories of livestock used in the study consumed the silage without any notable challenges. There 

was no problem of laxative effects due to high water content in cactus as the dry mater level was improved with the 

addition of browse and forage hay. The crude protein level was also improved through the addition of browse hay. 

These diets could be safely be used as supplements due to their high levels of crude protein. In the small ruminants 

trial, goats on cactus-M. Atropurpureum consumed slightly less than other cactus-browse silage. This could be 

attributed to the higher levels of ADF than other species in the trial (Mupangwa et al., 2003). Considering that the 

smallholder and communal farmers in Zimbabwe experiences eight month feed deficit period, the use of cactus 

and browse should go a long way in livestock production and poverty alleviation. Dairying in small holder farming 

communities have challenges of quality feed leading to low milk yield and high cow mortality (Ngongoni et al., 

2006; Mupangwa et al., 2003). The silages can be used to improve milk production especially in drier areas of 

Zimbabwe where cactus is a common green plant during the dry season. 

 

CONCLUSIONS 

 

The study showed that browse legumes and cactus can make good quality silage.  Although the quality can 

be compromised by the amount of tannins, it was observed that ensiling reduced the amount of tannins. Finally the 

silage has the potential to bridge the perennial feed deficit gap experienced in subtropical and tropical Africa from 

April to November. Utilization of these feed resources will improve ruminant livestock productivity especially in 

drought prone areas of the region. 
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