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Research Paper 
Comparative Proteomic Analysis of Chicken Primary 

Hepatocytes with Folic Acid Free or Supplementation 

Culture Mediums.  
 

Liu Y, Zhao J, Wang F, Zhou J, Yang X and Yang X. 
J. World Poult. Res. 10(1): 01-11, 2020; pii: S2322455X2000001-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.1 
 
ABSTRACT: Folic acid had been reported to develop much metabolic 
regulation function in animals and human beings due to its roles in one 
carbon metabolism. The current study was conducted to explore folic acid 
regulation function in primary chicken hepatocytes via supplement and 
deprivation culture models based on proteomic analysis. Results have 
shown that folic acid supplement significantly increased intracellular folic acid, 5-Me-THF and SAM contents when 
compared with folic acid free group (P < 0.05). Whereas, there was no difference about genome 5mC levels and DNMTs 
mRNA expression between these two groups. Proteomic analysis found 85 differential expressed proteins with 35 down 
and 50 up regulation. COG and KEGG pathway analysis revealed that amino acid metabolism, carbohydrate metabolism 
and antioxidant function were affected by folic acid. Posttranslational modification, protein turnover, chaperones and 
transcription were gathered by COG analysis in relative high proportion. PRMT7 and ARID4B which were associated with 
histone methylation were up-regulated in the folic acid supplement group, suggesting that folic acid was likely to take part 
in metabolism regulation of hepatocytes via histone methylation manner in the study. In conclusion, proteomic analysis 
found 85 differential expressed proteins in hepatocytes with folic acid free and supplementation medium. Folic acid might 
be involved in amino acid and carbohydrate metabolism and oxidation resistance by its epigenetic modifications functions. 
Our study also provided fundamental differential protein profiles mediated by folic acid, which can facilitate the 
understanding of folic acid regulation function in hepatic metabolism. 
Key words: Folic acid, Histone methylation, Primary chicken hepatocytes, Proteomics 
[Full text-PDF]  

 
Research Paper 
Performance and Egg Quality of Laying Hens Fed 

with Boiled Tomato Waste Powder.  
 
Mahata ME, Hidayat T, Nurhuda GA, Rizal Y and Ardi. 
J. World Poult. Res. 10(1): 12-16, 2020; pii: S2322455X2000002-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.2 
 
ABSTRACT: This study was performed to evaluate the effect of inclusion 
of boiled tomato waste powder in laying hens diet on growth 
performances and egg quality. Tomato waste used in this experiment 
was surplus and unsold mature tomato from the last harvest on the field. 
The tomato waste was boiled in boiling water (100 ºC) for 8 minutes to 
convert their lycopene structure from trans to cis, which is easily 
absorbed by the poultry digestive tract. In a completely randomized design, 200 Isa Brown laying hens were divided into 
five groups with different inclusion levels of boiled tomato waste powder (0, 3, 6, 9 and 12%) in an iso-nitrogenous 
(16%) and iso-caloric (2600 kcal/kg) diet. Daily feed intake, hen day egg production, egg weight, egg mass, feed 
conversion ratio, eggshell thickness, and eggshell strength were measured. The obtained results showed that boiled 
tomato waste powder in the diet did not significantly affect daily feed intake, feed conversion ratio, egg production and 
egg quality. In conclusion, the tomato boiled powder could be used up to 12% in laying hens diet with no effect on 
performance and egg quality of laying hens. 
Key words: Diet, Egg quality, Layer performance, Lycopene, Tomato  
[Full text-PDF]  

 
Research Paper 
Experimental Infection of Local Domestic and Feral 

(Columba livia domestica) Pigeons with Local 

Isolate of H9N2 Influenza Virus: Virological and 

Histopathological Study. 
 
Rasheed AR, Al-Ajeeli KS and Al-Azawy AKh. 
J. World Poult. Res. 10(1): 17-27, 2020; pii: S2322455X2000003-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.3 
 
ABSTRACT: A local isolate of low pathogenic Avian Influenza Virus (AIV) 
H9N2 subtype was used in experimental infection of 50 domestic and 50 
feral pigeons (Columba livia domestica) to determine the susceptibility of 
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these birds to H9N2 infections and to study its histopathological effects on vaccinated and unvaccinated pigeons with 
H9N2 commercial vaccine. The birds were divided into five groups. Groups A and C contained 20 feral pigeons, B and D 
contained 20 domesticated pigeons. Group E contained 10 feral and 10 domesticated pigeons that were used as 
unvaccinated controls. Groups A and B were vaccinated with H9N2 and Newcastle disease virus commercial vaccines. 

Group C and D were vaccinated with Newcastle disease virus vaccine only. All groups except E were challenged with a 
local isolate of H9N2 serotype. Antibodies titers against AIV were estimated pre and post-vaccination using ELISA. The 
results indicated low antibody titers against AIV in all groups in pre-vaccination that ranged between 152.83 ± 42.01 and 
337.00 ± 150.76 with no significant differences between groups. Post-vaccination antibody evaluation indicated high 
titers of anti-AIV antibodies in groups A and B (740.13 ± 214.38 and 673.00 ± 242.40, respectively) in comparison to 
pre-vaccination levels. Clinical signs appeared on 5th day post-vaccination that included mild respiratory signs, digestive 
disorders, and conjunctivitis in some birds of all groups. Histopathological changes in affected tissues appeared as 
moderate to severe multifocal necrosis diffused in the parenchymal cells of lung tissues. Infiltration with mononuclear 
inflammatory cells was detected in some lung tissue areas. Necrotic foci and mononuclear cell infiltration were also 
observed in trachea and liver of infected pigeons but mild changes were observed in intestine. The challenge virus was re-
isolated in embryonated hen's eggs of nine days old by inoculation in allantoic cavity using samples collected from tissues 
and cloaca of infected pigeons showing clear clinical signs. The re-isolated virus was detected by the haemagglutination 
test using chicken RBCs and identified by haemagglutination inhibition test using a locally prepared hyperimmune serum 
to H9N2 in rabbits. In conclusion, pigeons are susceptible to AIV (H9N2) that might facilitate the transmission of the virus 
to other bird species. 
Key words: Avian Influenza viruses, H9N2, Pigeons 
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Research Paper 
The Effects of Extraction Methods of Mangifera 

indica and Azadirachta indica Bark on in vitro 

Antimicrobial Efficacy and Performance of Broiler 

Chickens. 
 

Ayoola AA, Ekunseitan D.A, Muhammad SB, Oguntoye MA and Adejola 
YA. 
J. World Poult. Res. 10(1): 28-35, 2020; pii: S2322455X2000004-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.4 
 
ABSTRACT: This study investigated the in vitro efficacy of extracts of 
Mangifera indica and Azadirachta indica bark obtained by different 
extraction methods. Also, in an eight-week trial, the effect of these 
extracts on the performance of broiler chickens were evaluated. The barks were collected, air-dried and pulverized. The 
samples were extracted using maceration, infusion, and decoction methods. The extracts were screened for their activity 
against Escherichia coli and Streptococcus aureus. Two hundred and eighty-eight birds were divided into two groups (144 
each) administered with A. indica or M. indica. Each group was subdivided into four subgroups, including control subgroup 
(no herb) and subgroups administered with bark extracted by one of the three extraction methods. The birds on herbal 
treatments were not given antibiotics. Results showed that the growth of E. coli was more inhibited by the various 
extracts irrespective of the methods of extraction. Weights were significantly influenced by the interaction between herb 
types and extraction methods at the starter phase. Infused herbs induced mortality at the finisher phase. In conclusion, 
S. aureus was more susceptible to the extracts compared to E. coli. However, decocted A. indica and M. indica bark, as 
well as macerated M. indica, showed antimicrobial potency against E. coli. It can be recommended that neem or mango 
bark extracted by maceration or decoction can be administered orally to broiler chickens especially at the starter phase, 
for improved performance and reduced mortality.  
Key words: Antimicrobial assay, Azadirachta indica, Extraction, Mangifera indica, performance 
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Research Paper 
The Potency of Oral Administration of L-Citrulline as 

Anti Heat Stress Agent in KUB Chickens. 
 
Erwan E, Adelina T, Koto A and Maslami V. 
J. World Poult. Res. 10(1): 36-40, 2020; pii: S2322455X2000005-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.5 
 
ABSTRACT: L-citrulline (L-Cit) is considered one of the potential amino 
acids that are able to reduce body temperature in layer chicks. However, 
there are no reports on functions of L-Cit in KUB chicks. Therefore, the 
present study aimed to evaluate the effects of oral administration of L-Cit 
on feed intake, body temperature and plasma biochemical parameters of 
KUB chicks over two hours post-administration. Neonatal KUB chicks 
were orally administered with different doses of L-Cit (0, 3.75, 7.5 and 15 mmol/kg body weight). At 30, 60 and 120 min, 
feed intake was determined, also rectal temperature of chicks was measured by using a digital thermometer. At 120 min 
after administration, the blood samples were immediately collected through the jugular vein, then biochemical parameters 
of plasma (total cholesterol, triacylglycerol and total glucose) were analyzed. The obtained results indicated that feed 
intake, body temperature, and plasma metabolites were not significantly influenced by different doses of L-Cit. In 
conclusion, L-Cit could not able to improve feed intake, decrease body temperature and change plasma metabolites in 
KUB chicks.  
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Research Paper 
Effects of Cordyceps Militaris Polysaccharide on Egg 

Production, Egg Quality and Caecal Microbiota of 

Layer Hens. 
 
Chen X, Zhang Y, Ma W, Zhu Y, Wu X and Wang ZH. 
J. World Poult. Res. 10(1): 41-51, 2020; pii: S2322455X2000006-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.6 
 
ABSTRACT: The present study was conducted to determine the effects 
of the diet supplementation of laying hens with Cordyceps Militaris 
Polysaccharide (CMP) on egg production and quality, and also caecal 
microbiota. A total of 360 Hy-Line Brown laying hens with 72-week-old were divided into three groups with four replicates 
of 30 birds each. The laying hens were fed with basal diet (control group), basal diet +100 mg CMP/kg (group 1) and 
basal diet + 200 mg CMP/kg (group 2). The experiment lasted 45 days. Eggs were collected daily and caecal samples 
were collected at the end of the experiment. Results showed that dietary supplementation with CMP did not affect 
albumen height, shape index, Haugh units, eggshell breaking strength and eggshell thickness. The laying rate significantly 
increased and the feed-egg ratio decreased in groups 1 and 2, the average daily egg weight significantly increased in 
group 2 compared with those in the control group. However, insignificant differences were found in broken egg rate and 
mortality among the three groups. The differences in caecal microbiota between group one and the control group were 
significant. The relative abundance of Firmicutes, Bacteroidetes and Proteobacteria at the phylum level, 
Christensenellaceae and Veillonellaceae at the family level, and the no rank_ Ruminococcaceae, Phascolarctobacterium 
and no rank Christensenellaceae at the genus level changed significantly in group one compared with those in the control 
group. In conclusion, dietary supplementation with 100 and 200 mg CMP/kg could improve product performance and 
affect the caecal microbial community structure of laying hens during the late laying period. 
Key words: Cordyceps militaris polysaccharide, Egg production, Egg quality, Gut microbiome, Hens 
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Research Paper 
Comparison of Weight, Components and Chemical 

Composition of Eggs in Guinea Fowl, Turkey, and 

Domestic Chicken.  
 
Al-Shadeedi ShMJ. 
J. World Poult. Res. 10(1): 52-56, 2020; pii: S2322455X2000007-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.7 
 
ABSTRACT: The present study was carried out to compare the 
physicochemical characteristics of eggs of guinea fowl, turkeys and 
domestic chickens outdoor reared in traditional farms in Baghdad, Iraq. 
A total of 166 fresh eggs; 32 eggs from guinea fowls (Numida meleagris), 44 eggs from turkeys (Meleagris gallopavo) and 
90 eggs from domestic chickens; were collected. Egg weight, percentage of egg components, chemical composition 
(protein, lipids, and ash), and lipid profile were determined. Results revealed the significant differences in egg weight 
among studied birds. The average egg weights for guinea fowl, turkey, and indigenous chicken were 83.15 ± 0.72, 92.41 
± 0.78 and 61.28 ± 0.62 g, respectively. No significant differences were found in egg components and the chemical 
composition of the edible portions of the eggs among studied birds. However, the lipid profile of egg yolk indicated that 
egg cholesterol and LDL levels were significantly higher in guinea fowl and turkey compared with those in indigenous 
chickens, whereas native chicken has high values of HDL compared to guinea fowl and turkey. There were no significant 
differences in the triglyceride level in egg yolks among the studied fowls. In conclusion, although egg weight was 
significantly different among studied birds, eggs of guinea fowl, turkeys, and domestic chickens were similar in nutritional 
components. 
Key words: Chemical composition, Domestic chicken, Egg Components, Guinea fowl, Turkey. 
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Research Paper 
Effect of Supplementation of Yucca schidigera 

Extract on Ammonia Gas Emission and Performance 

of Broiler Chickens.  
 
Patoary MU, Hossain M, Akter M and Rubel ZU. 
J. World Poult. Res. 10(1): 57-62, 2020; pii: S2322455X2000008-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.8 
 
ABSTRACT: The current study was conducted to investigate the efficacy 
of Yucca extract (YE) on ammonia gas emission from litter, evaluate the 
production performance, carcass characteristics and economic utility in 
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broiler rearing. A trial of 240 day-old commercial broiler chicks was carried out on littered floor for a period of 28 days. 
The birds were allocated randomly to 3 treatments and a control group with three replications (20 birds/ replication). 
Feeding management and rearing condition were same for all the groups, as per standard. YE was mixed with drinking 
water as treatment as follows: 1ml YE per 16 liters of drinking water (T1), 1ml YE per 20 liters of drinking water (T2), 1ml 

YE per 24 liters of drinking water (T3) and no YE in drinking water i.e control group (T0). Ammonia level of Yucca treated 
groups were significantly (Pth week of rearing period than control group. A significant difference (P2 group was better 
than other groups. This study concluded that application of YE (1ml/ 20 liters of drinking water) has an important role to 
reduce ammonia gas emission from broiler litter and increase the birds performance. 
Keywords: ammonia control, broiler chicken, litter management, Yucca schidigera 
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Serological and Molecular Detection of Chicken 

Anemia Virus in Broiler and Layer Chickens in Iraq.  
 
Al-Ajeeli KS, Al-Azawy AKh and Ghazuan H. 
J. World Poult. Res. 10(1): 63-70, 2020; pii: S2322455X2000009-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.9 
 
ABSTRACT: Chicken Anemia Virus (CAV) infects many bird species 
worldwide and causes immunosuppression. This condition can facilitate 
the infection of affected birds with other pathogens including bacteria, 
viruses, and fungi. No data were available on detection or isolation of 
CAV from birds in Iraq, therefore this study was designed to detect CAV antibodies in broilers and layers in some poultry 
farms. Accordingly, 200 samples were collected from broiler and layer farms (100 samples each) from different districts of 
Diyala province and subjected to the ELISA test. Also, 50 tissue samples from embryonated eggs from different 
hatcheries, four commercial viral vaccines, and 30 ELISA positive samples were subjected to PCR assay to detect the CAV 
DNA. The results showed that all of broiler and layer farms sampled were serologically positive for CAV antibodies. The 
overall seropositivity for CAV antibodies for both chicken breeds was 51.5%. In broilers, 43 out of 100 serum samples 
were positive for CAV antibodies, whereas 60 out of 100 serum samples from layers were CAV antibody-positive. 
According to age groups, significant differences were observed among one-week-old broilers (30.2%) compared to other 
age groups. In layers, the age group of 30 weeks showed a seropositivity rate of 33.3%. Conventional PCR test indicated 
that all tissue samples collected from suspected birds and embryonated eggs were negative for CAV DNA, but only 2 out 
of 30 serum samples were PCR positive. It is concluded that CAV is endemic in poultry farms of Iraq and may facilitate 
the vaccination failure against other viruses.  
Key words: Broilers, Chicken anemia virus, ELISA, Layers, PCR  
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Molecular Characterization and Phylogenetic 

Analysis of Full-length S1 Gene of GI-16 and GI-23 

Infectious Bronchitis Virus in Qena, Egypt.  
 
Sabra M, Abdellatif W, Ahmed AI and Osman N. 
J. World Poult. Res. 10(1): 71-80, 2020; pii: S2322455X2000010-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.10 
 
ABSTRACT: Infectious Bronchitis Virus (IBV) is a highly evolving virus 
that affects respiratory, urinary and reproductive systems. This virus is 
recognized as an important pathogen due to the continuous genesis of 
new variants that threaten the poultry industry worldwide. The aim of 
this study was to characterize emerging IBV variants originated from field outbreaks in Qena province, Egypt, and to 
study their genetic relationships with global strains. From September 2017 to January 2019, 52 field samples were 
collected from broiler flocks suspected of being infected with IBV. The collected samples were inoculated into 
embryonated chicken eggs via allantoic route for virus isolation. The IBV presence was confirmed using real-time reverse 
transcriptase PCR (rRT-PCR) assay targeting nucleocapsid (N) gene and finally, nine samples were selected from 29 
positive samples with rRT-PCR for further genetic characterization through full-length spike (S1) gene sequencing. 
Phylogenetic analyses indicated that one isolate (IBV/CK/EG/QENA-4/2017) clustered within genotype I lineage 16 (GI-
16). On the other hand, the remaining eight isolates (2017-2018) belonged to genotype I lineage 23 (GI-23) and 
clustered separately in monophyletic clade. The isolates in this study were found to share only 74.6-82.1% amino acid 
identity with the commonly used vaccine strains in Egypt. In conclusion, findings of this study provide informative data on 
circulating IBVs in the study area and highlight the importance of adopting a convenient vaccination strategy that can be 
more efficient for controlling the emergence of new IBV variants. 
Key words: Full-length spike gene, GI-16, GI-23, Infectious bronchitis virus, Phylogenetic, RT-PCR. 
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ABSTRACT: Cheese production waste contains carbon source, one of 
which is lactose as an energy source in the development of fermentation, 
especially in the manufacture of probiotics for poultry. The research 
method used 3% fermented cheese whey in 17-week-old laying hen drinking water to analyze the productivity of laying 
hens and microbiology. The purpose of the research is to determine the effective concentration of fermented whey cheese 
to improve productivity, physical and chemical composition of eggs, and evaluate fat metabolism in laying hens. The 
present study used 120 laying hens aged 17 weeks. The experimental method was designed using the T-test method of 
control (P0), fermented whey cheese (P1). The observed variables were productivity (feed consumption, water 
consumption, daily egg production, feed conversion ration), and microbiology of small intestine and excreta (lactate acid 

bacteria, salmonella, Escherichia coli.). The effect of adding fermented whey cheese into drinking water decreased feed 
consumption and FCR in contrast to the control group (P0) but increased egg production, egg weight, and egg mass 
weight. The effect of adding fermented whey cheese into drinking water decreased the number of, Escherichia coli 
bacteria and increases lactic acid bacteria in the digestive tract of broiler chickens, especially in the ileum, caeca, so also 
with those in the stool. The number of Salmonella Bacteria was significantly decreased and very significantly increased 
lactic acid bacteria in the feces during the fermentation of whey cheese. The decrease in ammonia in the stool was very 
significant compared to the control group. In conclusion, adding fermented whey cheese into drinking water can reduce 
feed consumption, feed conversion ratio (FCR), Escherichia coli, salmonella, ammonia (NH3), and increase egg production, 
egg weight, egg mass weight, final body weight, and lactate acid bacteria. The use of fermented whey cheese can be used 
as a nutraceutical feed additive to inhibit pathogenic bacteria in the intestine and increase lactic acid bacteria. 
Key words: Drinking water, Fermented, Laying hens, Whey cheese 
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J. World Poult. Res. 10(1): 87-95, 2020; pii: S2322455X2000012-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.12 
 
ABSTRACT: The Avian Uncoupling Protein (avUCP) belongs to the 

mitochondrial anion transporter family. It has a pivotal homeostatic mechanism that associated with energy regulation 
and lipid metabolism. The avUCP considered as a candidate gene for chicken growth-related traits according to its 
predominant expression is in skeletal muscle. To address genetic distance pattern of UCP3 between mammalian and avian 
species, sequence similarity analysis using the protein alignment of UCP3 identified the high amino acid identity between 
the species and complementarily detected two protein conserved regions which are known as the ADP/ATP transporter 
translocase and the Mitochondria-carrier. Likewise, for mutation detection, samples were genotyped, afterward PCR-SSCP 
method implemented. In addition, association analysis was performed for investigating single nucleotide polymorphism 
within the UCP3 gene relating to the given economic traits. A detected polymorphic site, on the promoter region of UCP3 
(-40 T/A substitution), has displayed significant influences on the Feed Conversion Rate (FCR), Residual Feed Intake 
(RFI), Average Daily Gain (ADG), and Carcass Weight (CW%). In the case that, birds with genotype AA had better FCR, 
ADG, RFI as compared to the genotype BB and birds with genotype AA revealed a higher CW% as compared to the 
genotype BB. According to the obtained results from the in-silico survey, Myoblast determination protein (MyoD) was 
predicted as a best-matched transcription factor with a consensus sequence harboring the -40 T/A -novel SNP- in the 
promoter region of UCP3, where might be responsible for phenotypic variation between two genotypes. In conclusion, the 
result suggests important roles for UCP3 polymorphism in feed efficiency and growth traits which is better to be used in 
broiler chicken breeding programs. 
Key words: Association analysis, Avian uncoupling protein3, Body composition traits, Broiler chicken, Feed efficiency, 
Novel mutation  
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Response of Laying Quail to a Diet Enriched with 

Cocoa Pods Fermented by Pleurotus ostreatus.  
 
Nuraini N, Shafan Nur Y and Djulardi A 
J. World Poult. Res. 10(1): 96-101, 2020; pii: S2322455X2000013-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.13 
 
ABSTRACT: Improving the quality of cocoa pods through fermentation 
with Pleurotus ostreatus reduced its crude fiber content, especially for 
lignin and cellulose. Fermentation of cocoa pods product increased their 
utilization in poultry diet. An experiment was conducted to determine the 
effect of feeding cocoa pods waste fermented by Pleurotus ostreatus on the laying performance and egg quality of quail. 
This experiment employed completely randomized design with five dietary treatments: 0%, 5%, 10%, 15% and 20% 
cocoa pods fermented by Pleurotus ostreatus in the diets and four replications. 200 laying quail (7 weeks of age) were 
randomly allocated into 5 treatments (10 birds per treatment) and 4 replications. Diets included iso nitrogen 20% and iso 
metabolism energy 2800 kcal/kg. The results of the experiment indicated that feed intake, hen-day egg production, egg 

weight, egg mass production, and feed conversion were not affected but egg cholesterol was affected by increasing cocoa 
pods fermented products in the diet. In this experiment, a diet which utilized 15% cocoa pods fermented using Pleurotus 
ostreatus maintained the laying performance of quail and reduced egg yolk cholesterol (20.30%). 
Key words: Cocoa pods, Egg quality, laying Quail, Performance, Pleurotus ostreatus 
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Annisa, Rizal Y, Mirnawati, Suliansyah I and Bakhtiar A. 
J. World Poult. Res. 10(1): 102-108, 2020; pii: S2322455X2000014-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.14 
 
ABSTRACT: Rice bran (RB) was used as a medium for the fermentation 
process because it contained complete nutrients necessary for the 
growth of microbes. The ability to induce a fermentation substrate by 
microbes dependent on the availability of an inducer in the medium. The 
enzyme activity would increase when a suitable inducer was in the medium. In order to increase protease and cellulase 
activities of Rhizopus oligosporus in processing Cassava Leaf Meal (CLM), it was necessary to add CLM in medium 
producing an inoculum Rhizopus oligosporus. This study was conducted in a completely randomized design with 4 
treatments and 5 replications. The treatments were ratios of RB to CLM as follows: 100:0% (A), 90:10% (B), 80:20% 
(C), and 70:30% (D). The observed variables were protease activity, cellulase activity, dry matter content, organic matter 
content and the total colony of Rhizopus oligosporus numerically. The different ratios of RB to CLM significantly affected 
protease and cellulase activities as well as the content of dry matter and organic matter. The addition of 10% CLM to the 
RB medium increased protease and cellulase activities and reduced dry matter and organic matter contents. However, 
when more than 10% CLM was added, it reduced the protease and cellulase activities and increased dry matter and 
organic matter content. The highest total colony of Rhizopus oligosporus was numerically in treatment B (90:10% of RB 
to CLM ratio). The appropriate ratio of RB to CLM mixture as the inoculum of Rhizopus oligosporus, based on their enzyme 
activities, dry matter, and organic matter contents, and the total colony was 90:10% (treatment B). 
Key words: Cassava leaf meal, Enzyme activity, Inoculum, Rhizopus oligosporus, Rice bran. 
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Characterization of Renal Inflammatory Cytokines 

and Related Nephropathy in Experimentally Infected 

Broiler Chickens with Velogenic Newcastle Disease 

Virus. 
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J. World Poult. Res. 10(1): 109-117, 2020; pii: S2322455X2000015-10 
DOI: https://dx.doi.org/10.36380/jwpr.2020.15 
 
ABSTRACT: Velogenic Newcastle disease virus (VNDV) shows systemic 
dissemination and it affects the histological structure and function of the kidneys. Present study is an novel attempt to 

correlate the changes in renal biochemical functions and gene expression of different inflammatory cytokines with related 
renal pathology induced by VNDV in experimentally infected broilers in different ages. One hundred broiler chickens were 
divided into 4 groups: group 1 served as control (non-infected group), and groups 2, 3 and 4 were inoculated with 106 
EID50 of NDV on the 10th, 20th and 30th days of age, respectively. Serum samples were collected to evaluate uric acid and 
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creatinine levels. Kidney specimens were collected for virus detection using real time RT-PCR, evaluation of gene 
expression of IL-6 and IFN-γ as well as histopathological, histochemical and immunohictochemical analysis. The highest 
concentration of uric acid and creatinine profile were found in Group 4 (12.06 ± 1.25 and 2.16 ± 0.12, respectively) on 7 
dpi. IL-6 and IFN-γ were significantly elevated at the 7th dpi in Group 4 compared to other infected groups. The renal 

histopathological lesions included tubulointerstitial nephritis and glomerulopathy with expression of virus antigen in 
different areas of renal tissue. histopathology was the hallmark of VNDV infection in broiler chickens; their severity was 
related to the increased expression of inflammatory cytokines genes (IL-6 and IFN-γ) and virus antigen residence in renal 
tissue. 
Key words: IL-6, IFN-γ, Immunohistochemistry, Nephropathy, Velogenic NDV 
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ABSTRACT: An experiment was conducted to see the broiler’s 
performance fed with fermented and unfermented betel nutshell. 
Harvesting betel nut seed leaved peel as a waste that contains some 
nutrients and active ingredients. This waste was useful for poultry feed, to maintain poultry performance and to reduce 
cholesterol. The aim of this research was to fermented betel nutshell waste with indigenous microorganism from a 
vegetable waste mixture that produced cellulase to reduce their crude fiber before feeding to the broiler. The nutrient 
profile and metabolizable energy of fermented betel nutshell in dry matter basis showed 15.96 % water, 84.04 % dry 

matter, 23.69 % crude fiber, 10.39 % crude protein, 0.31 % crude fat, 2.60% calcium, 1.26 % phosphorus, and 1360,44 
kcal/kg. In this experiment betel nutshell waste from a local farmer in Indonesia, and 80 birds from the broiler strain CP 
707 from Charoen Pockphand were used. The experiment was conducted in a completely randomized design with different 
levels of fermented betel nutshell waste (0, 2, 4, and 6%) and 6 % of unfermented of betel nutshell waste in the broiler 
ration. Each treatment was repeated four times. The measured values included daily feed intake, daily weight gain, feed 
conversion, body weight, carcass content, abdominal fat pads, lipoprotein profile (total cholesterol, low-density lipoprotein 
(LDL), and high-density lipoprotein (HDL) in serum of broiler chikens. The results indicated that fermented betel nutshell 
waste significantly increased daily feed intake, daily body weight gain, carcass content, and decreased abdominal fat pad, 
total cholesterol, HDL, and LDL of broiler chickens, however did not affect the feed conversion. The fermentation of betel 
nutshell waste with indigenous microorganism from vegetable waste mixture could be used up to 6 % in the broiler ration 
and had a positive effect on performance, blood serum lipoprotein, and carcass quality of broiler chickens. 
Key words: Betel nutshell waste, Broiler, Crude fiber, Fermented betel nutshell waste, Performance 
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ABSTRACT 
Folic acid had been reported to develop much metabolic regulation function in animals and human beings due to its 

roles in one carbon metabolism. The current study was conducted to explore folic acid regulation function in primary 

chicken hepatocytes via supplement and deprivation culture models based on proteomic analysis. Results have shown 

that folic acid supplement significantly increased intracellular folic acid, 5-Me-THF and SAM contents when 

compared with folic acid free group (P<0.05). Whereas, there was no difference about genome 5mC levels and 

DNMTs mRNA expression between these two groups. Proteomic analysis found 85 differential expressed proteins 

with 35 down and 50 up regulation. COG and KEGG pathway analysis revealed that amino acid metabolism, 

carbohydrate metabolism and antioxidant function were affected by folic acid. Posttranslational modification, protein 

turnover, chaperones and transcription were gathered by COG analysis in relative high proportion. PRMT7 and 

ARID4B which were associated with histone methylation were up-regulated in the folic acid supplement group, 

suggesting that folic acid was likely to take part in metabolism regulation of hepatocytes via histone methylation 

manner in the study. In conclusion, proteomic analysis found 85 differential expressed proteins in hepatocytes with 

folic acid free and supplementation medium. Folic acid might be involved in amino acid and carbohydrate 

metabolism and oxidation resistance by its epigenetic modifications functions. Our study also provided fundamental 

differential protein profiles mediated by folic acid, which can facilitate the understanding of folic acid regulation 

function in hepatic metabolism.  
 

Key words: Folic acid, Histone methylation, Primary chicken hepatocytes, Proteomics 

Abbreviations: MTHFR: methylenetetrahydrofolate reductase; FA: folic acid; DNMT: DNA methyltransferase; GO: Gene 
ontology; COG: cluster of orthologous groups of proteins; DEP: differential expressed protein; ROS: Reactive oxygen species; 

KEGG: Kyoto Encyclopedia of Genes and Genomes. 
 

 

INTRODUCTION 
 

Folic acid, as an essential B vitamin, had been reported to 

develop many metabolic regulation functions in animals 

and human beings. For instance, folic acid addition could 

reduce hypoxia-induced inflammatory response by 

Reactive oxygen species and JAK2/STAT3 pathway in 

human pro-myelomonocytic cells (Ma et al., 2018), and 

also could anises acetate-induced hepatotoxicity by down-

regulating NF-κB, IL-1β production and lipid peroxidation 

caused by cell injury (Allah and Badary, 2017). What’s 

more, maternal use of folic acid can prevent many neural 

tube defects (Molloy  et al., 2017). The previous study also 

revealed that folic acid decreased homocysteine level and 

improved antioxidative capacity in atherosclerotic rats 

(Cui et al., 2017). In addition, folate was reported to have 

prevention function in breast cancer risk (Chen  et al., 

2014). On the other hand, many study reported that folic 

acid developed function by changing DNA methylation 

because of its roles in one-carbon transfer reactions; Yu et 

al. (2014) has found that folic acid could reduce lipid 

accumulation of chicken adipocytes by increasing DNA 

methylation of C/EBPα promoter, thereby reducing FAS 

and PPARγ expression. It was reported that the mouse 

sperm epigenome would be altered under the condition of 

low paternal dietary folate (histone H3 methylation or 

DNA methylation), which was also associated with many 

negative pregnancy outcomes (Lambrot et al., 2013). 

Therefore, it’s confirmed to some extent that folic acid 

could have anti-inflammation and anti-oxidation effect, 

and also play positive roles in some diseases. 

DOI: https://dx.doi.org/10.36380/jwpr.2020.1 
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http://creativecommons.org/licenses/by-nc/4.0/
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The liver is a metabolic organ owning synthesis, 

transportation, detoxication functions and also a major 

place of folic acid metabolism. Folic acid is transported 

inside the cell via different processes involving membrane 

embedded folate receptors or reduced folate carrier (Nazki, 

et al., 2014), then 5,10-methylenetetrahydrofolate could be 

distributed towards methionine pathways, which involves 

in remethylation of homocysteine for genomic and non-

genomic methylation, catalyzed by methylenetetra-

hydrofolate reductase (MTHFR) through a non-reversible 

process (Lucock, 2000). In poultry industry, many 

metabolic diseases occur under the conditions of intensive 

breeding environment and higher improvement of growth 

performance by genetic breeding. It's aimed to come up 

with an assumption that whether folic acid could take part 

in hepatic metabolism regulation through DNA 

methylation capacity to solve the potential problems in 

chickens.  

Hepatocytes culture in vitro is a suitable model to 

study metabolism, pharmacology and toxicology (Hou et 

al., 2001, Xu et al., 2012, Chen et al., 2017). And given 

the importance of liver organ itself in body metabolism 

and the metabolism site of folic acid, primary chicken 

hepatocytes will be used to explore our hypothesis 

mentioned above preliminarily in virtue of proteomics 

analysis technique. In addition, folic acid supplemented 

and folic acid deficient culture media are used to establish 

two cells culture models. 

 

MATERIALS AND METHODS 

 

Culture of chicken primary hepatocytes 

Hepatocytes were isolated from male one-day-old 

layer chicks by collagenase digestion and filtration 

according to our previous description (Liu et al., 2018). 

We confirm that all animals’ procedures used in the 

current study were approved by the ethical standards of the 

Animal Care and Use Committee of the College of Animal 

Science and Technology of the Northwest A&F University 

(Shaanxi, China). After 12 h attachment incubation, 

hepatocytes were washed with PBS and replaced with 

growth medium; when the confluence reached to about 

80%, folic acid-free (0 mg/L) or folic acid supplemented 

medium (15 mg/L) was used to replace the normal 

medium (1 mg/L folic acid) for another 12 h treatment. 

RPMI 1640 culture medium with folic acid-free was 

purchased from Gibco (Life Technologies, Carlsbad, CA) 

and folic acid from Sigma (St. Louis, MO). There are three 

replicates in each group for proteomics analysis, and six 

replicates for other detections. The folic acid was 

dissolved in the10% ammonium hydroxide with minimal 

volume, then diluted to the concentration of 500 mg/L 

using deionized water (Yu et al., 2014), finally filtered by 

0.22-μm filters. The stock solution was diluted further in 

culture medium to reach the final concentrations required. 

 

5mC level 

Genomic DNA from hepatocytes was isolated using 

the TIANamp Genomic DNA Kit (Tiangen, Beijing, 

China) according to standard procedures. Then 100 ng of 

each DNA sample was used to measure global DNA 

methylation level using 5-mC DNA Elisa Kit (Zymo 

Research, Irvine, California, USA). The amount and 

percentage of methylated DNA (5mC) in the total DNA 

was calculated based on a standard curve. 

 

Determination of folic acid, 5-Me-THF and SAM 

contents 

Upon treatments, cells were rinsed with ice-cold PBS 

and trypsinized. Hepatocytes were centrifuged, washed 

and suspended in PBS. After ultrasonic decomposition, 

cells were centrifuged at 1500 g for 15 min at 4
o
C to 

remove cellular debris. The supernatant was collected to 

examine levels of folic acid, 5-Me-THF and SAM by 

Enzyme-linked Immunosorbent Assay Kits (Cloud-Clone 

Corp, USA). All the results were expressed as ng/10
6
 cells. 

 

RNA isolation and gene quantification 

After the removal of treatment medium, cells were 

washed twice with ice-cold PBS. Total RNA was extracted 

based on the TRIZOL reagent instruction (Invitrogen, 

Carlsbad, CA). Its concentration and purity were 

determined by the absorbance at 260 nm and A260/A280 

value using a NanoDrop 2000c spectrophotometer 

(Thermo Scientific, Wilmington, USA). 500 ng of total 

RNA were used to complete cDNA synthesis by Primer 

Script RT Reagent Kit (TaKaRa, Dalian, China). Then the 

SYBR Premix Ex Taq kit (TaKaRa, Dalian, China) was 

used to carry out the assay for gene expression. Primers 

sequences were shown in table 1. Detailed procedures 

were operated as our previous description (Liu, et al., 

2016). The 2
−ΔΔ Ct

 method was used for gene relative 

expression (Livak and Schmittgen, 2001). 

 

Protein extraction   

After treatment, cells were completely homogenized 

with a STD buffer (4% SDS, 1 mM DTT, 150 mM Tris-

HCl pH 8.0, protease and phosphatase inhibitors), then the 

mixture was heated at 100 ℃ for 10 min. After 

centrifugation at 12000 g for 10 min when cooled to room 
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temperature, the supernatants were collected and protein 

concentration was determined using the Bicinchoninic 

acid (BCA) assay kit (Bio-Rad) based on its protocols. 

 

Protein digestion and iTRAQ labelling   

A total of 200 μg protein were digested following the 

reported methods (Du et al., 2015), and the peptide content 

was quantified by UV light spectral density at 280 nm. 

Then 80 μg peptide for each sample were used for iTRAQ 

labelling (Applied Biosystems). The three samples in 0 

mg/L group were labelled with reagents 113, 114 and 115. 

The samples in 15 mg/L group were labelled with 118, 

119 and 121. After labelling, all samples were pooled and 

dried. The mixed labeled peptides were carried out 

fractionating by strong cationic-exchange (SCX) 

chromatography separation. About 36 fractions were 

collected and combined, then desalted on C18 Cartridges. 

Each fraction was detected for liquid chromatography-

tandem mass spectrometry (LC-MS/MS). Detailed 

procedures are on the basis of previous report (Dong, et 

al., 2017, Cao, et al., 2018). 

 

Protein identification and quantification   

The protein identification and iTRAQ quantification 

were operated using a Mascot 2.2 (Matrix Science, 

London, UK) and Proteome Discoverer 1.4 (Thermo 

Electron, San Joes, CA) as described (Wang, et al., 2013). 

The corresponding parameters were set as same as the 

description by Du et al. (2015). Database search was 

performed against the Gallus (Uniprot) database. For 

statistical analysis, student’s t test was used to identify 

significant changes between two group samples. Proteins 

with a statistically significant iTRAQ ratio of > 1.2 or < 

0.83 (P<0.05) were considered differentially abundant 

proteins. 

 

Functional analysis    

Gene ontology (GO), cluster of orthologous groups of 

proteins (COG), KEGG pathways and proteins interaction 

of identified differential proteins were analyzed 

respectively according to previously reported method (Wu, 

et al., 2006, Wu, et al., 2016). A schematic workflow 

illustrating the steps about iTRAQ process applied in this 

study is shown in figure 1. 

 

 

Figure 1. Experimental design and schematic diagram of 

proteomics analysis in the study. 

 

Table 1. Primers of genes for RT-PCR analysis 

Gene Accession number Primer sequences, 5′ to 3′ 
Product size, 

base pair 
Reference 

β-actin L08165 
Forwards: ATTGTCCACCGCAAATGCTTC 

113 Liu et al. (2016) 
Reverse: AAATAAAGCCATGCCAATCTCGTC 

DNMT1 NM206952 
Forwards: ACAGCCTTCGCCGATTACA 

81 Liu et al. (2016) 
Reverse: CTCTCCACCTGCTCCACCAC 

DNMT3A NM001024832 
Forwards: CAACAACCACGACCAGGAGT 

84 Liu et al. (2016) 
Reverse: ACCATGCCCACAGTGATAGAGT 

DNMT3B NM001024828 
Forwards: CCCGTTATGATCGACGCTAT 

92 Liu et al. (2016) 
Reverse: GGGCTACTCGCAGGCAAA 

 

Statistical analysis 

Experimental data on DNMTs expression, genomic 

5mC level, folic acid, 5-methyl-THF and SAM contents in 

chicken hepatocytes were analyzed using t-test in SPSS 

21.0 software (SPSS Inc., Chicago, IL, USA). The 

identification of differential expression proteins (DEPs) 

between two groups depended on the ratio of protein 

contents in folic acid free group to folic acid supplement 

group. The ratio ⩾1.20 or ⩽0.83 was regarded as 

differentially expressed proteins. In addition, a value of P 

< 0.05 was considered to be statistically significant. 
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Ethics Committee Approval  

All the birds and experimental protocol in this study 

were approved by the Institution Animal Care and Use 

Committee of the Northwest A&F University (protocol 

number NWAFAC1008). 

 

RESULTS 

 

5mC level and some metabolites content  

As shown in table 2, intracellular folic acid, 5-Me-

THF and SAM contents were significantly higher in folic 

acid group when compared with folic acid free group 

(P<0.05). Whereas, there was no difference about genome 

5mC levels between these two groups.  

 

Table 2. Levels of genome 5mC and some metabolites in 

hepatocytes of layer chicks  

Parameters FA-free FA-sup SEM P value 

5mC (%) 1.00 0.81 0.106 0.096 

FA (ng/106 cell) 24.00 29.94* 0.430 <0.001 

5-Me-THF (ng/106) cell) 0.26 0.37* 0.024 0.002 

SAM (ng/106 cell) 1.69 1.96* 0.091 0.021 

Note: The symbol * showed difference significantly in statistics between 

folic acid free and supplement groups (P < 0.05). SEM= Standard error; 
FA= folic acid; 5-Me-THF=5-methyl tetrahydrofolic acid; SAM= S 

adenosylmethionine. 

 

mRNA expression of DNMTs 

As exhibited in figure 2, 15 mg/L folic acid 

supplement didn’t affect genes expression about DNA 

methyltransferases in comparison with those in folic acid 

free group.  

 
Figure 2. Gene expression of DNA Methyltransferases 

(DNMT1, DNMT3A, DNMT3B) in layer chicken 

hepatocytes between groups with folic acid free and 

supplement medium. Data were presented as means ± 

SEM (n=6). 

 

Protein profiling 

Using the Mascot software, a total of 28725 unique 

peptides and 4660 proteins were identified. Among these 

proteins, 547 were between 0 to 20 kDa, 2393 between 20 

to 60 kDa, 965 between 60 to 100 kDa and 755 over 100 

kDa (Figure 3A). 1405 proteins had one unique peptide, 

670 had two, 667 had more than 11, and the left had 3–10 

(Figure 3B). Because iTRAQ quantification indicated the 

amount of real fold change between groups to some 

extent, proteins with a fold-change > 1.2 or < 0.83 

(P<0.05) were regarded as differential expressed proteins 

(DEPs). Based on this standard, 85 DEPs (35 down-

regulation and 50 up-regulation) were detected shown in 

table 3. 

 

Table 3. Differential expression proteins between folic acid free and supplement groups 

Accession Gene name Protein name 
1Ratio  

Sup/free 
P value 

 

Down-regulation 
 

F1N804 

F1NL76 
Q8AWB6 

R4GF71 

E1B2Y2 
B5AIG4 

A0A1L1S044 

F1P4D1 
A0A165FX80 

P12276 

F1P3G3 
A0A2K6TZL8 

F1NDN6 

H9L107 
Q5ZJ43 

F1NGI6 

E1C483 

 
 

PLXNA1 

GAK 
SLC35B1 

TMSB4X 

SLC7A3 
PNPLA2 

LOC420368 

SLC30A7 
CATH1 

FASN 

CHN1 
TSNAXIP1 

KRT12 

KRT4 
EXOC8 

SGSH 

ACBD6 

 
 

Plexin A1  

Cyclin G associated kinase  
Solute carrier family 35 member B1  

AM-8-amino-7-oxononanoate aminotransferase  

Cationic amino acid transporter-3 
Adipose triglyceride lipase  

Predicted GTPase  

Zinc transporter 7  
Cathelicidin-1  

Fatty acid synthase 

Chimerin 1 
Translin associated factor X interacting protein 1 

Keratin 12  

Myosin heavy chain 
Exocyst complex component 8 

N-sulfoglucosamine sulfohydrolase 

Acyl-CoA-binding protein 

 
 

0.529  

0.641  
0.675  

0.707  

0.709  
0.711  

0.711  

0.746  
0.754  

0.759  

0.760  
0.768  

0.768  

0.771  
0.774  

0.779  

0.779  

 
 

0.012  

<0.001  
<0.001  

0.002  

0.006  
0.007  

0.038  

0.031  
0.046  

0.010  

0.003  
0.009  

0.001  

0.003  
0.018  

0.011  

0.016  
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E1BS86 

F1NQ90 
F1NNN3 

F1NKU2 

P08286 
E1BSR9 

F1NRK3 

F1NZ92 
F1P4C2 

F1P2M3 

E1C4V2 
E1BSI3 

F1NW64 

E1C8Q1 
E1BV18 

A0A0A0MQ61 

F1NWX7 
R4GLJ6 

 

Up-regulation 
 

F1NF85 

E1C3M0 
F1NPJ3 

E1BVP5 

F1P2G6 
R4GGH1 

E1C0T3 

F1NST0 
E6N1V0 

P07031 

Q5ZLB2 
E1C8Q2 

F1ND79 

Q5F366 
F1NS64 

F1NK39 

F1P3K7 
F1N8L2 

F1NJK5 
Q5ZJC0 

E1BUS8 

Q9W7G2 
F1P054 

E1C7X0 

F1NB56 
B8XA33 

F1P3X6 

R4GG24 
E1BZD6 

F1NWY7 

Q5ZL23 
Q5ZJ36 

F1P586 

O73884 
Q5ZLE1 

G4XJS0 

Q5ZHK9 
F1NW34 

E1C4M9 

F1P5K8 
F1NI14 

E1C6E5 

E1C6D5 
P28568 

Q5ZIB9 

R4GJY5 
Q5F4A8 

G8HUH5 

Q5ZK96 
Q5F3Q0 

AIG1 

C11H19ORF12 
TCERG1L 

MELK 

P08286 
RBX1 

RPP38 

DNAH3 
RIPK1 

MTIF3 

Gga.15193 
ENSGALG00000006435 

TPX2 

CEP164 
CAPSL 

ENSGALG00000016325 

SEC61B 
VHL 

 

 
PEMT 

USP45 

CCDC127 
ASPA 

PIGT 

ENSGALG00000028833 
PDZRN3 

DHX58 

LAO 
ACYP2 

ARL6IP1 

ETNPPL 
ZNF644 

IDUA 

MFSD4B 
ARID4B 

PCBD2 

TECR 
RRP7A 

RCJMB04 

CRYZL1 
SALL3 

CYP1A5 

VRK2 
PDE4D 

ADAM23 

YTHDF2 
AKR1B1L 

RIPK4 

MRPL42 

APBB1IP 

PLK1 
SFSWAP 

PHOSPHO1 

PRPF4B 
TLR1LB 

LLPH 

KDM8 
SLC43A2 

APTX 

TXLNG 
TSPAN3 

KDM4A 

SLC2A3 
PRMT7 

FAM108A1 

AK6 

BACT 

BTBD9 

NUP205 

Androgen induced 1 

Mu-like prophage protein 
Transcription elongation regulator 1 like 

Non-specific serine/threonine protein kinase 

Histone H1.10 
Ring-box 1 

Ribonuclease P/MRP subunit p38  

Dynein, heavy chain 
Receptor interacting serine/threonine kinase 1  

Translation initiation factor 3   

Zn-finger 
Ubiquitin-protein ligase 

Microtubule nucleation factor  

Centrosomal protein 164 
Calcyphosine like  

Glutathione S-transferase 

Transcription factor about chromatin remodeling  
Phosphotransferase  

 

 
Phosphatidylethanolamine N-methyltransferase 

Ubiquitin specific peptidase 45 

Translation initiation factor 2  
Aspartoacylase 

Phosphatidylinositol glycan anchor biosynthesis 

NAD-dependent aldehyde dehydrogenases 
PDZ domain containing ring finger 3  

ERCC4-like helicases 

Amine oxidase  
Acylphosphatase-2  

Phosphoribosylaminoimidazole carboxylase 

4-aminobutyrate aminotransferase 
Zn-finger 

Iduronidase 

Major facilitator superfamily domain containing 4B  
histone trimethylation  

Pterin-4-alpha-carbinolamine dehydratase 2  

Very-long-chain enoyl-CoA reductase  
Ribosomal RNA processing 7 homolog A  

Uncharacterized protein  

Quinone oxidoreductase-like protein 1  
Spalt protein  

Cytochrome P450  

Serine/threonine protein kinase  
Phosphodiesterase  

Disintegrin and metalloprotease 23  

Membrane proteins  
Aldo/keto reductases 

Ankyrin repeat  

Mitochondrial ribosomal protein L42  

Protein-binding family interacting protein  

Serine/threonine-protein kinase PLK  
Splicing factor SWAP  

Phosphoethanolamine/phosphocholine phosphatase  

Permeases   
Toll-like receptor 1 type 2 

Protein LLP homolog  

Lysine demethylase 8 
Solute carrier family 43 member 2  

Aprataxin 

Taxilin gamma  
Tetraspanin 

PHD zinc finger-containing protein  

Solute carrier family 2  
Protein arginine N-methyltransferase 7  

Protein ABHD17B  

Adenylate kinase isoenzyme 6  

Beta-actin (Fragment) 

BTB domain containing 9 

Asp-tRNAAsn/Glu-tRNAGln amidotransferase 

0.780  

0.781  
0.783  

0.783  

0.787  
0.787  

0.792  

0.798  
0.805  

0.810  

0.810  
0.814  

0.817  

0.821  
0.824  

0.825  

0.826  
0.829  

 

 
1.200  

1.213  

1.215  
1.216  

1.220  

1.223  
1.225  

1.228  

1.229  
1.235  

1.240  

1.243  
1.254  

1.259  

1.270  
1.271  

1.275  

1.285  
1.295  

1.303  

1.317  
1.355  

1.363  

1.367  
1.368  

1.374  

1.377  
1.380  

1.382  

1.391  

1.395  

1.413  
1.428  

1.429  

1.438  
1.447  

1.456  

1.459  
1.473  

1.575  

1.594  
1.630  

1.910  

2.119  
2.169  

2.179  

2.246  

2.331 

2.518  

3.167 

0.043  

0.005  
0.022  

0.017  

0.011  
0.049  

0.013  

0.017  
0.018  

0.001  

0.003  
0.036  

0.012  

0.005  
<0.001  

0.017  

0.023  
0.002  

 

 
0.019  

0.006  

0.036  
0.036  

0.036  

0.029  
0.013  

0.027  

0.008  
0.006  

0.018  

0.001  
0.013  

0.020  

0.034  
0.007  

0.027  

0.034  
0.006  

0.022  

0.011  
0.017  

0.001  

0.018  
0.019  

0.016  

0.001  
0.041  

0.013  

0.010  

0.014  

0.008  
0.002  

0.042  

0.045  
0.004  

0.015  

0.024  
0.027  

0.009  

0.011  
0.036  

0.028  

0.020  
0.020  

0.049  

0.041  

0.006 

0.045  

0.014 
1 Ratio sup/free = Protein expression in folic acid supplement group / that in folic acid free group. 
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Classification of DEPs 

Of the 85 DEPs, 79 DEPs could be assigned to 21 

categories using the COG database. As shown in figure 4, 

the largest group was general function prediction only 

(26.6%) followed by amino acid transport and metabolism 

(10.1%), replication, recombination and repair (10.1%). 

carbohydrate transport and metabolism (7.6%), 

transcription (7.6%), posttranslational modification, 

protein turnover, chaperones (6.3%), and signal 

transduction mechanisms (6.3%). Further, GO 

classification analysis of DEPs was performed. The 

number for significant enriched biological process, cell 

component and molecular function is 162, 29 and 75 

respectively (data not shown). In terms of GO term 

distributions in the second level as presented in figure 5, 

for biological processes, more than 60% of the notable 

proteins were respectively related to regulation of cellular 

process, single–organism process, and metabolic process; 

for cell component, about 68%, 57% and 35% were 

correlated with cell, organelle and membrane respectively; 

for molecular function, about 59% and 50% were 

respectively associated with binding and catalytic activity.  

To characterize the functional consequences of DEPs 

associated with folic acid intervention in chicken primary 

hepatocytes, KEGG pathway mapping based on DEPs 

were also carried out and demonstrated in figure 6. Results 

indicated that folic acid could significantly affect 

metabolism of xenobiotics by cytochrome P450, drug 

metabolism- cytochrome P450, retinol metabolism, steroid 

hormone biosynthesis, pyruvate metabolism, tryptophan 

metabolism and glutathione metabolism. It was worth 

mentioning that some proteins such as 

ENSGALG00000016325, CYP1A5 and ACYP2 were 

involved in these pathways. ENSGALG00000016325 

could code glutathione S-transferase which was down-

regulated in 15 mg/L folic acid group, while CYP1A5 and 

ACYP2 were up-regulated when compared with the no 

folic acid group which coded cytochrome P450 and 

acylphosphatase proteins respectively. 

 

Proteins interaction analysis 

The protein-protein interaction networks were 

performed by the web-tool STRING 10.5 (https://string-

db.org/cgi/input.pl). The DEPs interactions were shown in 

figure 7, in which the stronger associations are represented 

by thicker lines. The results showed that some functional 

modules were clustered in the network and formed tight 

connections with DEPs in chicken primary hepatocytes 

between folic acid free and supplement groups. 

Disconnected nodes in the network were hided. The 

functional modules were mainly involved in cell cycle 

(SKP1, RBX1, SKP2, CDC27, CDC20, MAD2L1, CUL1, 

BUB1B, PLK1, BUB1 and CCNB2), ubiquitin mediated 

proteolysis (CUL4A, CUL2, TCEB1, RBX1, SKP1, 

FBXW7, SKP2, CDC27, VHL, CUL1 and CDC20), 

protein export (SEC63, SEC61A1, SEC61B, SEC61G and 

SEC61A2), protein processing in endoplasmic reticulum 

(SEC63, SEC61A1, SEC61B, SEC61G, SEC61A2, SKP1, 

RBX1 and CUL1), phagosome (SEC61A1, SEC61B, 

SEC61G, SEC61A2, and ACTB), lysosome (IDUA, 

GALNS, CLTC and CLTCL1), ribosome biogenesis in 

eukaryotes (LOC425215, RRP7A and RPP38), TGF beta 

signaling pathway (SKP1, RBX1 and CUL1) and fatty 

acid biosynthesis (FASN and ENSGALG00000005439).  

 

 

 
 

Figure 3. Basic information of iTRAQ identification. A: 

Different molecular weights distribution of proteins 

identified among samples. B: The number of unique 

peptides that identified proteins in the current study. 

 

https://string-db.org/cgi/input.pl
https://string-db.org/cgi/input.pl
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Figure 4. Clusters of Orthologous Groups (COG) of proteins classification of DEPs between folic acid free and supplement 

groups. The Y-axis is the numbers of DEPs annotated to the category. 

 

 
Figure 5. Functional classification of differential proteins by Gene Ontology analysis including biological process, cellular 

component, and molecular function. All data are presented based on GO second-level terms. The Y-axis is on behalf of the 

numbers of DEPs annotated to the corresponding category. 
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Figure 6. Distribution of enriched KEGG pathway according to DEPs between folic acid free and supplement groups.  

 

 
Figure 7. Interaction network analysis of DEPs using STRING software (http://string-db.org). In this network, nodes are 

proteins; lines represent functional associations between proteins. The resulting networks were constructed with confidence 

scores higher than 0.7. The gray lines between bodes represent functional associations between proteins and the thickness of 

the lines represents the level of confidence in association reported. 
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DISCUSSION 

 

In the current study, chicken primary hepatocytes are used 

as the model to explore folic acid metabolism regulation 

function through deprivation and supplementation ways. 

As we all known, folic acid was commonly recognized 

due to its significance for the development of neurological 

systems in newborns. Many study have stated that there 

existed negative correlations between dietary or plasma 

folic acid and the occurrence rate of some diseases (Sie et 

al., 2011, Chen et al., 2014, Molloy et al., 2017). But the 

causal mechanisms that define the role of folic acid in 

these complex diseases are not established. It's generally 

accepted that folic acid-mediated 1-carbon metabolism 

could affect genes expression by DNA methylation and 

chromatin structure, thereby disturbing metabolic 

pathways about pathologies (Stover, 2009). Previous study 

pointed out that folic acid could slow down the 

aggressiveness of glioma by increasing methylation levels 

of DNA repeats element and genes related to apoptosis 

and proliferation (Hervouet et al., 2009). It was reported 

that low folate intake could result in genomic DNA 

hypomethylation and improve the risk of colorectal 

neoplasia, and daily supplementation with 400 mg/day 

folic acid for 10 weeks resulted in a marginal increase in 

leucocyte DNA methylation and rectal mucosa DNA 

methylation in patients with colorectal adenoma (Pufulete 

et al., 2005). 

Considering the role of folic acid in DNA 

methylation and the fact that DNA methylation is critical 

to normal genome regulation and development (Crider et 

al., 2012), we examined genomic 5-methylcytosine (5mC) 

contents in hepatocytes with folic acid free and 

supplementation medium. Surprisingly, folic acid didn’t 

increase DNA methylation level in the folic acid addition 

group. DNA methylation is catalyzed by DNA 

methyltransferases (DNMTs). DNMT1 is a maintenance 

methyltransferase and responsible for restoring the 

methylated status of newly synthesized daughter strands; 

DNMT3a and DNMT3b are de novo methyltransferases 

(Li et al., 2016). Consistently, these DNMTs expression 

were also not affected by folic acid supplementation in the 

current study. However, intracellular folic acid, 5-Me-THF 

and SAM concentrations were higher in culture medium 

with folic acid supplemented when compared with folic 

acid free group. These results may be illogicality taken 

together, but the relationship between folic acid and DNA 

methylation is complex. DNA methylation also involved 

in the participation of other substances such as choline, 

betaine and other B vitamins (Niculescu and Zeisel, 2002). 

On the other hand, SAM could inhibit MTHFR activity, 

which provides 5-Me-THF by catalyzing a unidirectional 

reaction (Smith et al., 2013). But other review also 

suggested that there was no correlation between global 

DNA methylation and folate status (Crider et al., 2012).  

In addition, there was no difference about cell 

viability, albumin and lactic dehydrogenase concentration 

in culture medium between folic acid free and addition 

groups (data not shown), which suggested that the dosage 

of folic acid used in the study was reasonable and non-

toxic for cells growth. Hence, proteomic analysis was 

further employed to assess folic acid metabolism 

regulation function in primary chicken hepatocytes. We 

found folic acid changed some metabolic pathways 

enriched by 85 DEPs including cytochrome P450 

metabolism, retinol metabolism, steroid hormone 

biosynthesis, pyruvate metabolism, tryptophan metabolism 

and glutathione metabolism. Cytochrome P450 was 

reported to be involved in oxidation-reduction reactions 

(Meunier, et al., 2004), and up-regulated in the current 

study indicating that folic acid improved antioxidant 

ability. ENSGALG00000016325 which coded glutathione 

S-transferase (GSTs) was also contained in the pathway of 

cytochrome P450 metabolism, and was down-regulated in 

folic acid addition group. GSTs are the ubiquitous 

enzymes that play a key role in cellular detoxification 

(Jain et al., 2010), and its lower protein abundance 

suggested that folic acid seemed to be protective for 

hepatocytes. Folic acid, as an antioxidant 

(Gliszczynskaswiglo, 2007), has good therapeutic effects 

on hypoxia-induced inflammatory response by decreasing 

ROS activity (Ma et al., 2018).  

Besides, retinol metabolism, steroid hormone 

biosynthesis, pyruvate metabolism, and tryptophan 

metabolism were also enriched. These could be contained 

amino acid and carbohydrate metabolism as COG analysis 

that amino acid or carbohydrate transport and metabolism 

were clustered in relative high proportion. However, how 

does folic acid affect these metabolism change? It is 

interesting to note that arginine N-methyltransferase 7 

(PRMT7) and ARID4B were up-regulated proteins by 

folic acid addition based on proteomics though no 

evidence was found about DNA methylation. PRMT7 has 

been implicated in roles of transcriptional regulation, 

DNA damage repair, RNA splicing, cell differentiation, 

metastasis and epigenetic regulation by transferring 

methyl groups to arginine residues on protein substrates 

(Feng et al., 2013). Biological process analysis of GO has 
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suggested that ARID4B was associated with histone H3K9 

and H4K20 trimethylation which were all related to 

nucleosome and chromatin structure (Xu et al., 2008, 

Hahn et al., 2011). These results indicated that folic acid 

might take part in metabolism regulation by histone 

methylation which contributed to transcription and post-

transcriptional modification. And posttranslational 

modification, protein turnover, chaperones and 

transcription were gathered by COG analysis based on 

DEPs. Li et al. (2016a) has reported that folic acid 

increased H3K9 methylation of IL-6 promoter. Therefore, 

we speculated that folic acid might regulate hepatocellular 

metabolism via the histone methylation manner rather than 

DNA methylation in the present study. 

 

CONCLUSION 

 

In conclusion, the present proteomic analysis found 85 

differential expressed proteins in primary chicken 

hepatocytes with folic acid free and supplementation 

medium. The pathways of those altered proteins are 

related to amino acid and carbohydrate metabolism, and 

oxidation resistance. Folic acid regulated these 

metabolisms more likely by histone methylation rather 

than DNA methylation. These results indicated that 

proteomics with bioinformatics analysis is a good starting 

point for understanding regulation function of some 

substances. A deep and broad understanding of the DEPs 

identified is ongoing to make clear their specific role. Our 

findings might provide comprehensive protein expression 

information that can facilitate the understanding of folic 

acid regulation function in hepatic metabolism. 
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ABSTRACT 
This study was performed to evaluate the effect of inclusion of boiled tomato waste powder in laying hens diet on 

growth performances and egg quality. Tomato waste used in this experiment was surplus and unsold mature tomato 

from the last harvest on the field. The tomato waste was boiled in boiling water (100 ºC) for 8 minutes to convert 

their lycopene structure from trans to cis, which is easily absorbed by the poultry digestive tract. In a completely 

randomized design, 200 Isa Brown laying hens were divided into five groups with different inclusion levels of boiled 

tomato waste powder (0, 3, 6, 9 and 12%) in an iso-nitrogenous (16%) and iso-caloric (2600 kcal/kg) diet. Daily feed 

intake, hen day egg production, egg weight, egg mass, feed conversion ratio, eggshell thickness, and eggshell strength 

were measured. The obtained results showed that boiled tomato waste powder in the diet did not significantly affect 

daily feed intake, feed conversion ratio, egg production and egg quality. In conclusion, the tomato boiled powder 

could be used up to 12% in laying hens diet with no effect on performance and egg quality of laying hens. 
 

Key words: Diet, Egg quality, Layer performance, Lycopene, Tomato  
 

 

INTRODUCTION 
 

Tomato production in Indonesia continues to increase, in 

2016 as much as 883,234 tons and in 2017 reached 

962,849 tons (Badan Pusat Statistik Indonesia, 2017). Raw 

tomato contains lycopene as much as 9.25 mg/100g 

(Perveen et al., 2015). The lycopene compounds can act as 

antioxidants (Muller et al., 2011) and also reduce 

cholesterol in blood serum, egg yolk, and broiler meat 

(Mahata et al., 2016a; and Mahata et al., 2016b). The 

lycopene inhibits cholesterol synthesis through inhibition 

of HMG-CoA reductase activity, modulation of low-

density lipoprotein receptor activity and inhibition of acyl-

CoA:cholesterol acyltransferase (Palozza et al., 2012). In 

fresh tomato, lycopene is in trans form, which is difficult 

to absorb in the digestive tract of poultry, while cis-

lycopene can be more easily absorbed (Knockaert et al., 

2012; Cooperstone et al., 2015). The heating process of 

tomatoes by steaming, boiling and roasting increases the 

availability of lycopene in cis form (Sahlin et al., 2016; 

and Handayani et al., 2018). The boiled tomato waste can 

be used up to 7% in broiler rations to lower cholesterol in 

meat and blood serum with no effect on the performance 

(Mahata et al., 2016a). There are little report on the use of 

boiled tomato waste in rations of laying hens, therefore, 

this research was conducted to evaluate the effects of 

boiled tomato waste on performance and egg quality of 

laying hens. 

 

MATERIALS AND METHODS 

 

Ethical approval 

The present study was approved by the Animal 

Ethics Committee of the Universitas Andalas, Padang, 

Indonesia  (No: 456/KEP/FK/2019).  

 

Poultry 

The experiment was performed by using 200 laying 

hens strain of ISA Brown at the age of 32 weeks with 80% 

hen day egg production condition.  

 

Boiled tomato waste powder preparation 

Fresh tomato waste was boiled in boiled water at 100 

°C for 8 minutes. Then, it was sun-dried and powdered by 

a grinder.   
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Experimental design 

The experiment was conducted in a completely 

randomized design with five treatment group, including 

different inclusion levels (0, 3, 6, 9 and 12%) of boiled 

tomato waste powder in laying hens diets. Each treatment 

was replicated four times. Each replicate consisted of five 

birds. Diets were formulated iso-protein (16%) and iso-

energy (2990 kcal/kg diet) and composition of diets are 

presented in table 1. The experiment lasted for 60 days. 

 

 

Table 1. Diet composition and chemical analysis of experimental diets   

Ingredients (%) 

Experimental diets supplemented with different levels of boiled tomato waste 

powder 

0% 3% 6% 9% 12% 

Concentrate for laying hens 32.50 32.25 32.00 31.75 31.50 

Yellow corn 46.00 44.75 43.50 42.25 41.00 

Rice bran 14.25 12.50 10.50 8.75 6.75 

Palm oil 4.00 4.25 4.75 5.00 5.50 

Oyster shell flour 3.00 3.00 3.00 3.00 3.00 

Boiled tomato waste powder 0.00 3.00 6.00 9.00 12.00 

Premix 0.25 0.25 0.25 0.25 0.25 

Total 100.00 100.00 100.00 100.00 100.00 

Calculated analysis 

Crude protein (%) 16.05 16.12 16.16 16.23 16.28 

Fat (%) 8.28 8.46 8.87 9.05 9.46 

Crude fiber (%) 3.89 4.42 4.92 5.46 5.96 

Calcium (%) 3.58 3.57 3.56 3.54 3.53 

Phosphor available (%) 0.40 0.40 0.40 0.41 0.41 

Methionine (%) 0.13 0.13 0.12 0.11 0.11 

Lysin (%) 0.16 0.16 0.15 0.14 0.13 

Lycopene (ppm) 0.00 1.89 3.77 5.66 7.55 
Metabolizable energy (kcal/kg) 2629.53 2617.46 2622.81 2610.73 2616.09 

 

Measured variables 

Daily feed intake 

Daily feed intake was calculated by the following 

equation: 
                   

                                                                           

        
  

 

Hen day egg production 

Hen day egg production was measured by method 

described by Cesari et al. (2014) according to following 

equation: 

                       

                                  

                      
                                           

                 

      

 

Egg weight 

Egg weight was estimated by the following formula: 

            
                                                  

                                      
  

 

Egg mass  

The egg mass was calculated by the method 

described by Cesari et al. (2014) according to following 

formula: 
                                 ( )             ( ) 

 

Feed conversion ratio  

Feed conversion ratio was calculated by the method 

described by Kulshreshtha et al. (2014). 

                      
                (  )

                             (  )
 

 

Haugh unit  

Haugh unit is an indicator of albumen quality. Eggs 

were weighed using a digital scale and then broken. The 

egg shards were placed on a flat glass, then the height of 

the albumen was measured using a caliper. Haugh unit 

was calculated according to (Haugh, 1937). 

 

Eggshell thickness  

The eggshell thickness was measured by using the 

method  described by Aydin et al. (2008). The eggshell 

thickness was measured in three parts, namely the equator, 

the air bag, and the tip of the egg section. Measurement 

results from the three sections were averaged to get the 

eggshell thickness. The instrument used was a screw 

micrometer. 

 

Eggshell strength 

Eggshell strength was measured using the Egg Force 

Reader (SHIMPO FGV-10XY). 

 

Statistical analysis  

Data were analyzed by analysis of variance 

(ANOVA) using a general linear model procedure using 

SPSS software version 16.0. The difference among 

treatment means was determined by using Duncan’s 

multiple range test (p<0.05). 
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RESULTS AND DISCUSSION   

 

The inclusion of boiled tomato waste powder in laying 

hens diet did not significantly affect feed conversion ratio, 

egg mass, egg weight, hen day egg production, and daily 

feed intake  (Table 2). The boiled tomato waste powder 

also did not significantly affect Haugh unit, eggshell 

thickness, and eggshell strength of laying hens (Table 3). 

The inclusion of boiled tomato waste powder in laying 

hens diet up to 12% did not affect the daily feed intake due 

to similar palatability of treatment diets. Similarly, An et 

al. (2019) demonstrated that inclusion of synthetic 

lycopene or tomato paste in laying hens diet did not affect 

daily feed intake. Furthermore, Lee et al. (2016) reported 

that the inclusion of lycopene on broiler's ration did not 

affect feed consumption. The average daily feed intake of 

laying hens in this study ranged from 116.47 to 121.30 

g/bird. This finding was approximately similar to results 

obtained by Panaite et al. (2019) who found daily feed 

intake of laying hens fed a diet supplemented with 

flaxseed and dried tomato ranged from 120 to 217 g/bird. 

All inclusion levels of boiled tomato waste powder used in 

this experiment did not affect hen day egg production, egg 

weight, and egg mass. Some previous studies reported the 

inclusion of 190 g/kg dried tomato pomace, 6% tomato 

waste meal, 25 g/mg lycopene, and 16% dried tomato 

pomace had no effects on hen day egg production, egg 

weight, egg mass, and feed conversion ratio (Salajegheh et 

al., 2012; Habanabashaka et al., 2014; Jalalinasab et al., 

2014).  

The inclusion of boiled tomato waste powder in 

laying hens diet did not affect Haugh unit, eggshell 

thickness, and eggshell strength of laying hens (Table 3). 

It has been reported that the inclusion of lycopene in 

laying hens diet did not have an effect on the Haugh unit 

(Honda et al., 2019;  An et al., 2019). The average Haugh 

unit of laying hens in this study ranged from 69 to 81. 

Honda et al. (2019) reported that the Haugh unit of eggs 

from laying hens fed with lycopene-supplemented diet 

ranged from 5.80 to 91.90. In this experiment, the 

inclusion of boiled tomato waste powder up to 12% in diet 

also did not affect the eggshell thickness and eggshell 

strength. This finding can be attributed to the similar 

content of calcium and phosphorus in each treatment diet. 

According to Ahmed et al. (2013), calcium is one of the 

nutrients that influence the eggshell quality and production 

of laying hens. Eggshell strength of laying hens fed 2.62% 

calcium in the diet was more weakness than that of laying 

hens fed diet containing 3.70 to 4.4% calcium (Jiang et al., 

2013). Some studies reported that the addition of tomato 

powder, flaxseed and dried tomato flour to laying hens 

diet did not affect the thickness and strength of eggshell 

(Akdemir et al., 2012; and Panaite et al., 2019). The 

average of eggshell thickness in this study ranged from 

0.409 to 0.430 mm, and the eggshell strength ranged from 

3.43 to 4.62 kg/cm
2
. These results were similar to that 

reported by An et al. (2019) who found eggshell thickness 

and eggshell strength of eggs from laying hens fed with 

lycopene or tomato paste were 0.35-0.36 mm and 4.39-

4.74 kg/cm
2
, respectively.  

Table 2. Average of daily feed intake, hen day egg production, egg weight, and egg mass of laying hens fed with different 

inclusion levels of boiled tomato waste powder 

Inclusion levels of boiled tomato 

waste powder in diet 

Daily feed intake 

(g/bird/day) 

Hen day egg 

production (%) 

Egg weight  

(g) 

Egg mass  

(g) 

Feed conversion 

ratio 

0% 116.47 83.34 61.98 51.62 2.29 

3% 121.59 89.83 62.18 55.89 2.18 

6% 119.41 88.33 62.09 54.89 2.19 

9% 118.37 86.92 62.9 54.77 2.18 

12% 121.30 89.17 62.65 55.89 2.18 

  

Table 3. Average of Haugh unit, eggshell thickness, and eggshell strength of laying hens fed with different inclusion levels of 

boiled tomato waste powder  

Inclusion levels of boiled tomato waste powder in 

diet 
Haugh unit 

Eggshell thickness 

(mm) 

Eggshell strength 

(kg/cm2) 

0% 81.21 0.425 3.89 

3% 77.47 0.409 4.29 

6% 69.22 0.429 4.62 

9% 79.44 0.430 4.63 

12% 70.19 0.421 3.43 
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ABSTRACT 
A local isolate of low pathogenic Avian Influenza Virus (AIV) H9N2 subtype was used in experimental infection of 

50 domestic and 50 feral pigeons (Columba livia domestica) to determine the susceptibility of these birds to H9N2 

infections and to study its histopathological effects on vaccinated and unvaccinated pigeons with H9N2 commercial 

vaccine. The birds were divided into five groups. Groups A and C contained 20 feral pigeons, B and D contained 20 

domesticated pigeons. Group E contained 10 feral and 10 domesticated pigeons that were used as unvaccinated 

controls. Groups A and B were vaccinated with H9N2 and Newcastle disease virus commercial vaccines. Group C 

and D were vaccinated with Newcastle disease virus vaccine only. All groups except E were challenged with a local 

isolate of H9N2 serotype. Antibodies titers against AIV were estimated pre and post-vaccination using ELISA. The 

results indicated low antibody titers against AIV in all groups in pre-vaccination that ranged between 152.83 ± 42.01 

and 337.00 ± 150.76 with no significant differences between groups. Post-vaccination antibody evaluation indicated 

high titers of anti-AIV antibodies in groups A and B (740.13 ± 214.38 and 673.00 ± 242.40, respectively) in 

comparison to pre-vaccination levels. Clinical signs appeared on 5th day post-vaccination that included mild 

respiratory signs, digestive disorders, and conjunctivitis in some birds of all groups. Histopathological changes in 

affected tissues appeared as moderate to severe multifocal necrosis diffused in the parenchymal cells of lung tissues. 

Infiltration with mononuclear inflammatory cells was detected in some lung tissue areas. Necrotic foci and 

mononuclear cell infiltration were also observed in trachea and liver of infected pigeons but mild changes were 

observed in intestine. The challenge virus was re-isolated in embryonated hen's eggs of nine days old by inoculation 

in allantoic cavity using samples collected from tissues and cloaca of infected pigeons showing clear clinical signs. 

The re-isolated virus was detected by the haemagglutination test using chicken RBCs and identified by 

haemagglutination inhibition test using a locally prepared hyperimmune serum to H9N2 in rabbits. In conclusion, 

pigeons are susceptible to AIV (H9N2) that might facilitate the transmission of the virus to other bird species. 
 

Key words: Avian Influenza viruses, H9N2, Pigeons 
 

 

INTRODUCTION 
 

Avian Influenza Viruses (AIVs) spread widely in birds 

worldwide; they are contagious but variable in their 

virulence. Accordingly, they were subdivided into Low 

Pathogenic AIV (LPAIV) and High Pathogenic AIV 

(HPAIV) (Imai et al., 2013). The domesticated birds and 

mammalian are susceptible to AIV and aquatic birds are 

natural virus reservoirs. AIV infections might cause severe 

disease in poultry with a mortality rate of more than 90%, 

mostly associated with HPAIV strains (MacLachlan and 

Dubovi, 2011).  

Influenza A viruses based on genetic and antigenic 

differences in hemagglutinin (HA) and neuraminidase 

(NA) are divided into 17 HA (H1 to H17) and 11 NA (N1 

to N11) subtypes (Shehata et al., 2015; Mostafa et al., 

2018). All these subtypes are grouped in genus 

Influenzavirus A which is classified within the family 

Orthopoxviridae. Genus Influenzavirus A included viruses 

with linear single-stranded, negative-sense and segmented 

(eight segments) RNA genome (MacLachlan and Dubovi 

2011). Antigenic shift and antigenic drift are the most 

common processes that continuously change influenza 

viruses and lead to the emergence of new influenza virus 

variants or strains (Lee et al., 2016; Kandeil et al., 2017; 

Arai et al., 2019).  

Influenza virus subtype H9N2 is a LPAI virus and 

the most widespread avian influenza subtype in poultry 
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worldwide (Abdelwhab and Abdel-Moneim, 2015; Nagy 

et al., 2017). In Iraq, H9N2 is endemic since 2004 (Kraidi 

et al., 2016; Kraidi et al., 2017; Mohamed et al., 2018). 

This virus has also been reported to cause high mortality 

rates in broilers (70%) as well as in breeders and layers up 

to 10% (Khamas, 2008).  

Feral and domestic pigeons are found worldwide and 

can easily cross borders like the wild aquatic birds, and 

sometimes live close to these aquatic birds. Many reports 

have mentioned that wild aquatic and domestic birds are 

reservoirs for influenza A viruses (Abdelwhab and Abdel-

Moneim, 2015; Nagy et al., 2017; Kausar et al., 2018). 

The possibility of transmission of such viruses to pigeons 

is acceptable as many studies have reported the natural 

infection of pigeons with the H9N2 influenza virus 

(Gomaa et al., 2015; Xu et al., 2015; Kandeil et al., 2017; 

Kausar et al., 2018; Tolba et al., 2018). No data on the 

isolation of H9N2 from pigeons or experimental infection 

of pigeons with H9N2 is available in Iraq. Accordingly, 

the present study aimed to determine the susceptibility of 

wild and domestic pigeons to the experimental infection 

with a local isolate of H9N2 LPAIV and to study the 

efficacy of H9N2 commercial vaccine in pigeons. 

 

MATERIALS AND METHODS 

 

Ethical approval 

Scientific Ethical Committee in the University of 

Diyala/ Iraq, approved the research and give the ethical 

number (Vet 14 Medicine November 2018 A and K). 

 

Study design 

This cross-sectional study was conducted in Diyala 

province, Iraq, over the period from September 2018 to 

June 2019. In this study, 100 local domestic and feral 

pigeons (Columba livia domestica) were used and divided 

into five groups (A, B, C, D and E) as presented in table 1. 

All groups were isolated from each other in separated and 

completely closed animal houses to avoid any contact 

between them by any means of sharing feed, water, 

utensil, workers and environment.  

 

 

Table 1. Pigeon groups used in the present study 

Group Type of birds of birds Number Treatment 

A Wild pigeons 20 Vaccinated with H9N2 and  NDV* 

B Domestic pigeons 20 Vaccinated with H9N2 and NDV* 

C Wild pigeons 20 Vaccinated with NDV** 

D Domestic pigeons 20 Vaccinated with NDV** 

E Wild and Domestic pigeons 20 (10 for each type) Control unvaccinated group 

NDV: Newcastle disease virus, *H9N2-NDV commercial vaccine (Nobilis ®, MSD Company, Netherlands), **NDV (MSD, LaSota, Netherlands) 

 

Detection of pre-vaccination antibodies against 

avian influenza virus  

Avian influenza virus antibodies were measured in all 

groups by using ELISA kit (Zoetis proFLOK™, avian 

influenza virus antibody test kit, item MI 49007, USA). 

Accordingly, blood samples were collected from wing 

veins of pigeons, then the sera were separated, labeled and 

subjected to the ELISA test according to the 

manufacturer’s instruction. 

 

Vaccination of pigeons 

Groups A and B were vaccinated with inactivated 

Newcastle Disease Virus (NDV) and influenza H9N2 

inactivated vaccine (Nobilis®, MSD Company, 

Netherlands) by subcutaneous route (The birds are of 

different ages).  Group C and D were vaccinated with the 

NDV vaccine (MSD, LaSota, Netherlands) by drinking 

water. This was done by fasting of pigeons from water for 

24 hours and then they were supplemented with distilled 

water containing the LaSota NDV vaccine.  

 

Detection of post-vaccination antibodies against 

avian influenza virus  

Blood samples were collected after 7 days post-

vaccination from vaccinated groups with influenza H9N2 

vaccine to determine anti-AIV antibodies. For this 

purpose, ELISA was performed using the AIV ELISA kit 

(Zoetis proFLOK™, avian influenza virus antibodies kit-

item MI 49007, USA) according to the instruction manual 

of the manufacturer. 

 

Challenge virus 

Influenza virus (H9N2) registered in National Center 

for Biotechnology Information NCBI with accession 

number (MH368755.1) was kindly provided by 

Mohammed Abdulkadhim Hussein and Prof. Dr. Emad J. 
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Khammas from College of Veterinary Medicine, 

University of Baghdad. 

The stock virus (0.1 ml) was inoculated into the 

allantoic cavity of nine-day-old embryonated hen's eggs. 

The inoculation site was sealed with wax and inoculated 

eggs were incubated at 37 °C and observed daily for the 

death of the embryo. Eggs with dead embryos were 

removed from the incubator, chilled in a refrigerator at 

4°C for a few hours and opened to collect the allantoic 

fluid. The collected fluid was tested for the presence of 

H9N2 by slide haemagglutination test using 4% avian red 

blood cells in sterile normal saline (Webster et al., 2002). 

H9N2 positive fluid from embryonated eggs was pooled 

together, labeled and kept frozen at -30 °C until be used. 

 

Titration of stock virus 

Propagated H9N2 was titrated in two ways, using HA 

and 50% Embryo Infectious Dose (EID50). 

Haemagglutination test was performed by 2-folds serial 

dilution of the stock virus in sterile Phosphate Buffered 

Saline (PBS) using 96 well plastic plates and according to 

the method described by Killian (2008). The viral titers 

were also determined by EID50 using 10-folds serial 

dilutions of the H9N2 stock virus in sterile PBS. Five, 

nine-day-old embryonated hen's eggs were used for the 

inoculation of each viral dilution according to the method 

described by Reed and Muench (1938).  

 

Preparation of hyperimmune serum against 

influenza virus A (H9N2) 

Hyperimmune serum against subtype H9N2 was 

prepared in rabbits according to the method described by 

Horwitz and Scharff (1969). For this purpose, three rabbits 

were raised for hyperimmune serum preparation and two 

rabbits were used as control. Blood samples were collected 

from all rabbits before vaccination, then the serum was 

separated from each sample in sterile test tubes and frozen 

at - 30°C until use. Each rabbit was intramuscularly 

inoculated with 1 ml of influenza H9N2 vaccine 

(Nobilis®, MSD Company, Netherlands) virus. The 

control rabbits were inoculated with 1 ml of sterile normal 

saline. This inoculation was repeated weekly for 

successive three weeks. Blood samples were collected 

from inoculated rabbits one week after the last inoculation. 

After coagulation, the serum was separated by cold 

centrifugation at 3000 rpm for 30 minutes at 4 °C. Clear 

serum was pooled together and titrated by 

Haemagglutination Inhibition (HI) test according to the 

method described by Williams (1980) and kept at -30°C 

until use. 

Challenge of pigeons 

Each pigeon was challenged via a dropping of 0.5 ml 

(10
9.5

 EID50/ 0.1 ml) of the virus into the nose, trachea, and 

eyes. All the infected pigeons were observed daily for 15 

days. 

 

Detection of post-challenge antibodies 

Antibodies against subtype H9N2 were determined 

on 5
th

 day Post-Infection (PI) using the HI test and ELISA. 

Accordingly, blood samples were collected from infected 

birds, then sera were separated and subjected to both HI 

test (using the plate method and locally prepared H9N2 

hyperimmune serum) and ELISA (using the same 

abovementioned ELISA kit). 

 

Collection and processing of samples from 

infected pigeons 

Cloacal swab samples and tissue samples (trachea, 

lung, liver, and intestine) were collected from 

experimentally infected pigeons at days 5, 6, 7, 8, 9 and 10 

PI. Each swab sample was placed in a sterile tube 

containing PBS and centrifuged at 3000 rpm for 20 

minutes in a cool centrifuge. Then the supernatant was 

collected and 0.5 ml of antibiotic- antimycotic and anti-

mycoplasma were added to the sample to eliminate other 

infectious pathogens. After 30 minutes of incubation at 

room temperature, the sample was kept frozen at -30 °C 

until use. Tissue samples were divided into two groups. 

The first group was tested for virus detection by re-

isolation in embryonated hen's eggs and identification by 

the HI test. The second group of samples was subjected to 

histopathological study according to methods described by 

Durrani et al. (2008) and Bancroft and Gamble (2008). 

Sections were examined by light microscopy (Olympic- 

Japan) and photomicrographs were taken with a digital 

camera (Omax, USA) for each section. 

 

Re-isolation of H9N2 

The influenza virus (H9N2) used for pigeons 

inoculation was re-isolated by the processing of collected 

tissue and the cloacal swab samples. A 10% suspension of 

minced tissue samples collected from challenged pigeons 

was made in sterile PBS, then 0.1 ml of the suspension 

was inoculated into the allantoic cavity of three 

embryonated eggs (9-11 days old), incubated at 37 °C and 

processed 3-4 days PI. The processed and collected 

allantoic fluid of these eggs was pooled and tested for the 

presence of the virus using slide haemagglutination test 

and then identified by HI test using the prepared H9N2 

hyperimmune serum. 
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Statistical analysis 

The data were analyzed using SPSS version 22. A p-

value less than 0.05 was considered significant. 

 
RESULTS 

 
Pre-vaccination antibodies 

Pre-vaccination antibodies titers against AIV are 

presented in table 2. Some birds, both feral and domestic 

pigeons, showed high titers exceeding 600 or 700 units, 

whereas, in many of birds no antibodies to AIV were 

found.  

 
Post-vaccination antibodies  

Antibodies titers against influenza virus (H9N2) after 

the vaccination of groups A and B are presented in table 3. 

 

Titers of propagated stock influenza virus 

subtype H9N2 
The titer of propagated stock virus subtype H9N2 

measured by the haemagglutination test was 1024 

HAU/0.1 ml. in addition, the propagated virus titer 

determined by 50% embryo infectious dose was 10
10.5 

EID50 / 0.1 ml. The virus was re-identified by the use of 

hyperimmune serum in the HI test and showed an anti-HA 

antibodies titer of 2048 HIU/0.1 ml of stock serum. 

 

Post-challenge antibody immune response 
Antibody titers against AIV in four challenged groups are 

shown in tables 4 and 5. There was no significant difference 

in AIV antibody titer between group A and group B, as well 

as between group C and group D. While significant 

differences (P<0.05) in antibody titers were observed in 

each of A and B groups when compared to each of C and D 

groups. The high titers were found in H9N2 vaccinated and 

challenged groups. 

 

Table 2. Titers of avian influenza virus antibodies detected by ELISA in the pre-vaccination period  

Group of pigeon* 
Anti AIV antibodies 

(Mean ± SE) 
GMT %CV 

A (wild) 274.56 ± 88.05a 31 23.38 

B (domestic) 278.40 ± 120.45a 14 91.50 

C (wild) 225.60 ± 114.25a 9 88..84 

D (domestic) 152.83 ± 42.01a 13 89.25 

E (mixed control) 337.00 ± 150.76a 7 134.76 

* The pigeons were of different ages. GMT: geometric mean; CV: coefficient of variation; AIV: avian influenza virus; SE: standard error. a No significant 

differences (p > 0.05). 

 
Table 3. Titers of avian influenza virus antibodies detected by ELISA on 7th day post-vaccination  

Groups* Number of samples Mean ± SE GMT CV (%) 

A (wild pigeon) 15 740.13± 214.38a 65 86.55 

B (domestic pigeon) 15 673.00±  242.40a 40 99.02 
* The pigeons were of different ages. GMT: geometric mean; CV: coefficient of variation; SE: Standard error. a No significant difference (p >0.05).  

 
Table 4. Detection of avian influenza virus antibodies by haemagglutination inhibition test in challenged groups of pigeons 

with avian influenza virus subtype H9N2 at 5 days post-challenge  

 
Groups 

A B C D 

Mean HI titre* 256 128 64 64 

*Titers were calculated in HI units (HIU)/100µl of serum sample. HI: haemagglutination inhibition 

 
Table 5. Detection of avian influenza virus antibodies by ELISA in challenged groups of pigeons with avian influenza virus 

subtype H9N2 at 5 days post-challenge 

Groups N 
Anti AIV antibodies 

(Mean± SE) 
GMT %CV 

A 15 1931.00± 453.24 a 623 63.36 

B 18 1845.61± 343.94 a 756 56.62 

C 18 888.11± 163.57 b 219 51.12 

D 15 955.66± 218.86 b 173 63.69 

Different superscript letters indicate significant differences (p˂0.05) between groups. SE: Standard error 
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Clinical signs  

Clinical signs appeared in pigeons after 5 days PI and 

no mortality rates were recorded. The clinical signs 

disappeared at 8 and 10 days PI. Sporadic cases with mild 

depression were found in groups A and B, also there were 

two cases with bilateral conjunctivitis in each group 

(Figures 1A and B). Some birds showed signs of mild 

respiratory disorders such as nasal discharge and sneezing. 

Moderate clinical signs of respiratory disorders were 

observed in many pigeons of group C and D. One pigeon in 

group D showed subcutaneous hemorrhage in non-feathered 

skin of legs (Figure 1C). The clinical signs in groups A, B, 

and D disappeared on day 8 PI, whereas the clinical signs in 

group C disappeared on day 9 PI. 

 

 

 

 
Figure 1. Conjunctivitis in feral (A) and domestic pigeons 

(B). Subcutaneous hemorrhagic of legs in domestic pigeons 

challenged with influenza virus subtype H9N2 (C). 

Histopathological findings 

Pathological changes in trachea and lung 

The results of the histopathological examination on 

pigeons inoculated orally or intranasally with AIV indicated 

obvious pathological lesions accompanied by moderate to 

severe inflammation. These results revealed that there were 

clear pathological changes in lung some histological 

changes observed had parenchyma, ranging from moderate 

to severe multifocal necrosis diffused in the lung 

parenchyma. Also, infiltration with mononuclear 

inflammatory cells was detected in some lung areas 

associated with mild to severe inflammation (Figure 2). 

Additionally, some lung tissue exhibited clear edema and 

hemorrhage associated with severe congestion, 

degeneration and necrosis in the lung parenchyma (Figure 

2). Furthermore, severe inflammatory cell infiltration was 

observed in the edges of lung parenchyma with clear 

degeneration and necrosis. Histological examination also 

showed alveolar damage with secretions containing blood, 

cell debris, and inflammatory cells. 

There was obvious multifocal damage and 

desquamation of the pseudostratified columnar epithelium 

of the trachea of infected birds with AIV. Also, 

degeneration of mucosal gland tissue extended to the sub-

mucosa was observed.  Furthermore, clear desquamation 

of epithelial cells into the luminal space was observed and 

associated with hemorrhage. The histological changes in 

parenchymal tissue of lung showed obvious damage to 

vascular endothelial cells and micro-thrombosis.  

In addition to the abovementioned findings, damage 

and severe inflammation of lung parenchyma and bronchi 

accompanied by edema and hemorrhage were observed in 

group B (Figure 3). There was an obvious degeneration 

and desquamation of the pseudostratified columnar 

epithelium of trachea as well as clear degeneration of 

mucous glands. Also, some areas of the tracheal ring 

showed severe damage and hypertrophy in chondrocytes.  

 

Pathological changes of liver and intestine  
The pathological changes in liver (Figure 4) and 

intestines (Figure 5) revealed a mild to moderate 

inflammation and local necrosis close to the hepatic veins, 

whereas in intestine, these changes were observed in the 

submucosa. 

 

Re-isolation and identification of the challenge 

virus 

The influenza virus (H9N2) was re-isolated from all 

tissue samples and cloaca swabs collected from pigeons 

with clinical signs in different groups. The re-isolated virus 

was detected by HA and identified by HI.   
 

 

 

A 

B 

C 
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Figure 2. Photomicrographs of lung tissues of pigeons infected with influenza virus (H9N2). A and A1: The normal lung 

tissue. B and B1: The local infiltration of inflammatory cells represented by black arrows, whereas yellow arrows indicated the 

congestion and hemorrhage in alveoli (A and B at 10X; A1 and B1 at 40X) (H&E). 

 

 
Figure 3.  Photomicrographs of trachea and lung of pigeons infected with avian influenza virus (H9N2). A and A1: Normal 

trachea, simple alveolar mucous glands (red arrows). B and B1: Clear shrinkage and degeneration in the epithelium and mucous 

gland in the trachea (green arrows). C and C1: The pathological changes exhibited in bronchi and lung parenchyma 

accompanied by severe infiltration of inflammatory cells (black arrows) and severe hemorrhage and edema (yellow arrows). (A, 

B, C at 10X; A1, B1, C1 at 40X) (H&E). 
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Figure 4. Photomicrographs of liver of pigeons infected with avian influenza virus (H9N2). A and A1: Normal liver. B and 

B1: Focal necrosis and infiltration of the inflammatory cells (black arrows) (A and B at 10X; A1 and B1 at 40X) (H&E). 

 

 

 
Figure 5.  Photomicrographs of the intestine of pigeons infected with the avian influenza virus (H9N2). A and A1: Normal 

intestine. B and B1: Infiltration of the inflammatory cells (black arrows) (A and B at 10X, A1 and B1 at 40X) (H&E). 
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DISCUSSION 

 

Influenza virus subtype H9N2 affects a broad spectrum of 

species including birds and mammals (Nagy et al., 2017). 

In poultry, it was reported to cause mild respiratory and 

digestive infection, but it may cause asymptomatic 

infections in other birds (Kandeil et al., 2017). Recent 

studies showed that co-circulation of other avian viruses 

like H5N1 and H9N2 in poultry farming and live bird 

markets had increased the risk of human exposure, 

resulting in complications of the epidemiological situation 

and raising a concern for potential emergence of new 

influenza A virus pandemic due to antigenic shift and drift 

resulted from gene exchange of the fragmented genome in 

case of mixed infection of the host with two subtypes of 

influenza virus type A (Kim, 2018). In Iraq, H9N2 is 

circulating among poultry farms (Khamas, 2008; Abdul-

Sada, 2015; Kraidi et al., 2017; Hussein, 2019) and was 

serologically detected in pigeons (AL-Attar et al., 2008). 

The titer of hyperimmune serum in this test appeared as 

2
16

 HIU / 0.1 ml of stock serum. The above-mentioned 

findings are mentioned by other researchers (Xu et al., 

2018).  

 

Clinical signs  

The current study did not show any mortality rate 

among experimentally infected pigeons but only mild and 

moderate clinical signs. Abolnik (2014) mentioned that a 

very small number of pigeons infected with either HPAIV 

or LPAIV died in 22 different studies worldwide since 

1944. Viruses such as H9N2 were proved to cause 

considerable morbidity but low or no mortality (Abolink, 

2014; Hussein, 2019).  Some other studies mentioned that 

ducks, gulls, starlings, and pigeons were less susceptible to 

AIV and displayed few or no clinical signs (MacLachlan 

and Dubovi, 2011). Generally, clinical signs appeared less 

in groups A and B compared to C and D. This may be 

attributed to vaccination of groups A and B with the H9N2 

vaccine. It is well known that vaccination can reduce the 

severity of infection but cannot prevent it (Ebrahimi et al., 

2011; Bahari et al., 2015). A few cases of conjunctivitis 

were recorded in both domesticated and wild pigeons. This 

result agreed with the findings obtained by Kaleta and 

Honicke (2004) who reported one case of conjunctivitis 

out of 11 experimentally infected pigeons with the 

influenza virus. The clinical signs in infected pigeons of 

the present study were similar to those appeared in 

experimentally infected broiler chickens with H9N2 

isolated from an outbreak in Iran. Field and experimentally 

infected birds showed similar clinical signs including 

sneezing, coughing and depression (Nili and Asasi, 2003). 

Similar findings were reported by another study in China 

(Sun and Liu, 2015). Experimental infection in broiler 

chickens using H9N2 and LaSota NDV vaccine revealed 

the same abovementioned clinical signs (Ellakany et al., 

2018). Signs related to enteric infection with H9N2 such 

as greenish diarrhea and respiratory signs were also 

reported by (Tolba et al., 2017) in pigeons of Egyptian 

commercial farms and live birds market during winter of 

2015-2016. The same authors mentioned the infection of 

humans with both H5N1 and H9N2. In another study in 

Pakistan, sneezing, nasal discharge, and other respiratory 

signs were reported in different species of birds including 

sparrows, chickens, jungle fowl, and quails infected 

directly or by contact with the virus. These clinical signs 

were observed 2 to 5 days PI (Iqbal et al., 2013).  

 

Antibody immune response 

All pigeons in the present study were subjected to 

antibody screening against AIV before starting vaccination 

and challenge with the virus. The pre-vaccination anti-

AIV antibody ranged from 152.83 ± 42.01 to 337.00 ± 

150.76; indicating the exposure of such birds to AIV 

somewhere or somehow. The study conducted by Turner 

et al. (2017) on the live bird markets in Bangladesh 

showed that H9N2 viruses were detected at high 

frequencies (76–100%) in chickens, pigeons, and quail, 

while 9% of samples collected from ducks were positive 

for H9N2.  

The presence of negative serum samples to AIV in 

pigeons might indicate the inexposure of such birds to 

AIV. The possibility of the presence of unexposed pigeons 

to AIV was reported by many studies. Mohammadi et al. 

(2010) found that 34% of serum samples collected from 

pigeons were positive for H9N2 antibodies. Tolba et al. 

(2018) detected antibodies against H9N2 in 6.5% of serum 

samples collected from pigeons. Serum samples collected 

from pigeons in Northern Saudi Arabia were negative for 

antibodies against H3, H5, and H9 serotypes of AIV 

(Alkhalaf, 2010).  In a study conducted in Mosul province 

of Iraq, ELISA and HI tests were used for the detection of 

AIV antibodies in pigeons and starlings (AL-Attar et al., 

2008). The results showed that 81.8% of pigeons were 

positive to AIV H9N2 antibodies when their sera were 

tested by ELISA, whereas, 50% of the same serum 

samples were positive when tested by the HI test. In 

addition, the serum samples collected from starlings were 

negative for AIV H9N2 antibodies and the birds did not 

show any clinical signs of influenza. The same authors 

concluded that pigeons can be infected with AIV subtype 
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H9N2 and they may play an important role in AIV 

spreading as natural carriers.  

Both groups vaccinated with inactivated H9N2 (A 

and B) showed a significant increase (P˂0.05) in AIV 

antibodies compared to antibody levels in the same groups 

before vaccination. Post-challenge AIV antibody levels 

showed a significant increase compared to post-

vaccination AIV antibody levels. Increased antibody levels 

in vaccinated groups (A and B) with inactivated H9N2 

significantly differed from the antibody level of 

challenged but un-vaccinated groups (C and D). The 

increase in antibody levels of C and D groups can be 

attributed to the effects of challenge virus and might be 

also attributed to pre-exposure of birds to circulating 

H9N2 before challenge (Quinn et al., 2011).  

The present study demonstrated that pigeon 

vaccination with H9N2 inactivated vaccine did not prevent 

the infection with the local isolate of H9N2. All 

challenged groups showed clinical signs of influenza virus 

infection, and the virus was detected by conventional RT-

PCR and by real-time RT-PCR (unpublished data). 

Furthermore, the virus was re-isolated from samples 

collected from challenged pigeons and identified by the HI 

test. Generally, the challenge virus was  detected for 

longer periods of time  in samples collected from 

unvaccinated groups compared to vaccinated groups and 

this might be attributed to immune responses and high 

antibody titers induced in vaccinated groups after 

challenge with live H9N2 virus that lead to the earlier 

clearance of the virus from infected birds  (Quinn et al., 

2011). Similar findings were reported in Iran when the 

inactivated H9N2 vaccine did not completely prevent the 

experimental infection with a field isolate of AIV subtype 

H9N2 in quails (Ebrahimi et al., 2011). 

Several commercial AIV vaccines based on strains 

isolated during the late 20
th

 century were widely used in 

domestic poultry (Sun et al., 2012). However, some 

studies showed that H9N2 viruses were isolated from 

vaccinated chicken flocks, hence some vaccines did not 

provide complete protection against viral infection (Bahari 

et al., 2015; Shen et al., 2015). 

Partial protection against circulating H9N2 induced 

by local H9N2 inactivated vaccine was also reported in 

Korea (Lee et al., 2011). Accordingly, the selection of 

suitable local isolate and strain for vaccine production 

against H9N2 LPAI is recommended (Sun et al., 2012). 

Mutations and inter and intra-reassortment are considered 

as factors affecting the ability of a vaccine to protect 

against AIV H9N2. These factors might be associated with 

the emergence of new virus strains with new biological 

features (Ashraf et al., 2017).  

 

Histopathology 

The pathogenicity of AIVs in pigeons and the 

vulnerability of pigeons for various subtypes of avian 

influenza have investigated in some studies (Yamamoto et 

al 2011; Liu et al., 2015). Furthermore, the ability of 

pigeons in being carrier and reservoir for these viruses has 

been studied (Liu et al., 2007). However, there is little 

literature on the pathophysiological effects of AIV H9N2 

on pigeons. In the current study, H9N2 subtype was found 

to cause severe tracheitis and pneumonia as well as mild 

pathological changes in liver and intestine of infected 

pigeons. There are similarities between these results and 

the histopathological observations reported in chickens 

infected with AIV H9N2 (Hassan et al., 2017; Arafat et 

al., 2018).  

The presence of such pathological changes as well as 

direct pathogenicity in the trachea and lung indicate that 

H9N2 has tissue tropism for these organs (Halblolvarid et 

al., 2004). It can also be assumed that the presence of 

multifocal necrosis in the liver indicates a potential 

systemic viral infection with the H9N2 (Bano et al., 2003). 

In this study, the most important pathological changes 

were widespread hemorrhages with the massive edema 

and congestion in the lung parenchyma. Also, there was 

prominent degeneration in the alveolar epithelium. The 

histopathologic findings obtained in this study are in line 

with the observations of other studies on Japanese quail 

(Ebrahimi et al., 2010; Mehrabadi et al., 2018) and in 

Muscovy duck (Wang et al., 2019) infected with AIV 

H9N2.  

The severe pathological changes observed in the 

trachea and lungs could be attributed to the presence of 

SAa2, 6 Gal receptors in the epithelial surfaces of the 

pharynx, trachea and bronchial tree of pigeons, which is 

the same receptors found for human influenza viruses (Liu 

et al., 2009). Although some studies reported that pigeons 

are less or not susceptible to AIV such as the 

H5N1serotypes (Liu et al., 2007), the present study 

demonstrated the pathophysiological aspects of H9N2 in 

pigeons. 

 

CONCLUSION 

 

 The influenza virus (H9N2) can cause mild infection in 

wild and domestic pigeons that might facilitate the 

transmission of H9N2 to other birds. The mixed infection 

of pigeons with different subtypes of the influenza virus 
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may increase the risk of generation of new virulent 

subtypes. Further research should be conducted to monitor 

the virus and to investigate the interactions between the 

H9N2 and other serotypes in pigeons. Furthermore, 

commercial vaccines, regardless of the level of the 

antibody obtained, did not prevent the infection with 

serotype H9N2 but reduce its virulence. 

 

DECLARATIONS 

 

Acknowledgments 

The authors would like to acknowledge the College 

of the Veterinary Medicine University of Diyala for 

logistic supports. The authors also acknowledge all the 

staff of the microbiology department and molecular 

biology laboratory for timely help with guidance and 

support. The present study received no financial support. 

 

Authors' contributions 

Ahmed Raad Rasheed designed the study and 

collected the samples from the infected Pigeons. Karim 

Sadun Al-Ajeeli and Amer Khazaal Al-Azawy were 

involved in editing the manuscript and analyzing the data. 

All authors read and approved the final manuscript. 

 

Competing interests 

The authors declare that they have no competing 

interests. 

 

REFRENCES 

 
Abdelwhab EM and Abdel-Moneim AS (2015). Epidemiology, ecology 

and gene pool of influenza A virus in Egypt: will Egypt be the epi-
centre of the next influenza pandemic. Virulence, 6: 6-18. DOI: 

https://doi.org/10.4161/21505594.2014.992662 .  

Abdul-Sada KM (2015). Surveillance of influenza A/ H5, H7, H9 viral 

subtypes in domestic and wild birds at many geographical regions 

of Iraq.         International Journal of  Advanced Research, 3: 170–

176. Available at: http://www.journalijar.com  

Abolink C (2014). A current review of avian influenza in pigeons and 

doves (Columbidae). Veterinary Microbiology, 170: 181-196. DOI: 

https://doi.org/10.1016/j.vetmic.2014.02.042  . 

AL-Attar MY, Danial FA and Al-Baroodi SY (2008). Detection of 

antibodies against avian influenza virus in wild pigeons and 

starlings.  Journal of Animal and Veterinary Advances, 7(4): 448-
449. Available at: 

http://medwelljournals.com/abstract/?doi=javaa.2008.448.449 . 

Alkhalaf AN (2010). Field investigation on the prevalence of avian 
influenza virus infection in some localities in Saudi Arabia. 

Pakistan Veterinary Journal, 30: 139–142.  

Arafat N, Eladi AH, Marghani BH, Saif MA and El-Shafei RA (2018). 
Enhanced infection of avian influenza virus H9N2 with infectious 

laryngotracheitis vaccination in chickens. Veterinary microbiology, 

219, 8-16. DOI:  https://doi.org/10.1016/j.vetmic.2018.04.009 .    

Arai Y, Ibrahim MS, Elgendy EM, and Daidoji T (2019). Genetic 

compatibility of reassortment between avian H5N1 and H9N2 

influenza viruses with higher pathogenicity in mammals. Journal of 

Virology, 93(4):1-17.DOI: https://doi.org/10.1128/jvi.01969-18. 

Ashraf  MU, Mahmood MS,  Rafique A,  Abbas RZ, Iqbal Z, Younas M  

and Ishaq MU (2017). Factors responsible for the continuous 

persistence and evolution of low pathogenic avian influenza virus 
(H9N2). World's Poultry Science Journal, 73(4): 791-802. DOI:  

https://doi.org/10.1017/s004393391700071x .    

Bahari P, Pourbakhsh SA, Shoushtari H, and Bahmaninejad MA (2015). 
Molecular characterization of H9N2 avian influenza viruses 

isolated from vaccinated broiler chickens in northeast Iran. Tropical 

Animal Health and Production. 47:1195–1201.DOI: 
https://doi.org/10.1007/s11250-015-0848-x .  

Bancroft JD and Gamble M (2008). Theory and practice of histological 

techniques, Elsevier health sciences. 6th Edition, Churchill 
Livingstone, Elsevier, China. 

Bano S, Naeem K and Malik SA (2003). – Evaluation of pathogenic 

potential of avian influenza virus serotype H9N2 in chickens. Avian 
Diseases, 47: 817-822.DOI:  https://doi.org/10.1637/0005-2086-

47.s3.817 .    

Durrani UF, Khan M and Ahmad SS (2008). Comparative efficacy 
(sedative and anaesthetic) of detomidine, ketamine and detomidine-

ketamine cocktail in pigeons (Columba livia). Pakistan Veterinary 

Journal, 28 (3): 115-118. 

Ebrahimi SM, Nili H and Sohrabi N (2010). Histopathological evaluation 

of A/Chicken/iran/339/02 (H9N2), an Iranian field isolate of 

influenza virus, on Japanese quail (Coturnix coturnix japonica). 
World Applied Science Journal, 9: 226-229. 

Ebrahimi SM, Ziapour S, Tebianian M, Dabaghian M and Mohammadi 
M (2011). Study of infection with an Iranian field-isolated H9N2 

avian influenza virus in vaccinated and unvaccinated Japanese 

quail. Avian Diseases, 55: 195–200. DOI: 
https://doi.org/10.1637/9714-953811-digest.1 .   

Ellakany HF, Gado AR, Elbestawy AR, El-Hamid HAS, Hafez HM, El-

Hack MEA, and Saadeldin, IM (2018). Interaction between avian 
influenza subtype H9N2 and Newcastle disease virus vaccine strain 

(LaSota) in chickens. BMC veterinary research, 14(1): 358-368. 

DOI: https://doi.org/10.1186/s12917-018-1689-4 .     

Gomaa MR, Kayed AS, Elabd MA, Zeid DA, Zaki SA, El Rifay AS, 

Sherif LS, McKenzie PP, Webster RG, Webby RJ, er al. (2015). 

Avian influenza A (H5N1) and A (H9N2) seroprevalence and risk 
factors for infection among Egyptians: a prospective, controlled 

seroepidemiological study. Journal of Infectious Diseases, 

211:1399_1407. DOI: https://doi.org/10.1093/infdis/jiu529 . 

Halblolvarid M, Sohraby HI, Pourakhsh S and Gholami M (2004). 

Histopathological study of intratracheally inoculated 

A/Chicken/Iran/259/1998 (H9N2) influenza virus in Chicken. 

Archives of Razi Institute, 58: 51-62.   

Hassan KE, Ali A, Shany SA and El-Kady MF (2017). Experimental co-

infection of infectious bronchitis and low pathogenic avian 
influenza H9N2 viruses in commercial broiler chickens. Research 

in Veterinary Science, 115: 356-362. DOI:  

https://doi.org/10.1016/j.rvsc.2017.06.024 .    

Horwitz MS, and Scharff MD (1969). The production of Antiserum 

against Viral Antigens. In: Fundamental Techniques in Virology, 

 Academic press, p. 253

Hussein MA (2019). Studies on isolation, identification, pathotyping with 

sequencing and genotyping of most occurrence strains of Newcastle 

Virus and Avian Influenza virus in Karbala province. Ph.D. Thesis 
submitted to the College of Veterinary Medicine University of 

Baghdad. 

Imai M, Herfst S, Sorrell EM, Schrauwen EJ, Linster M, De Graaf M, 
Fouchier RA and Kawaoka Y (2013). Transmission of influenza 

A/H5N1 viruses in mammals. Virus Research, 178: 15–20. DOI: 

https://doi.org/10.1016/j.virusres.2013.07.017 . 

Iqbal M, Yaqub T, Mukhtar N, Shabbir MZ, and McCauley JW (2013). 

Infectivity and transmissibility of H9N2 avian influenza virus in 

https://doi.org/10.4161/21505594.2014.992662
http://www.journalijar.com/
https://doi.org/10.1016/j.vetmic.2014.02.042
http://medwelljournals.com/abstract/?doi=javaa.2008.448.449
https://doi.org/10.1016/j.vetmic.2018.04.009
https://doi.org/10.1128/jvi.01969-18
https://doi.org/10.1017/s004393391700071x
https://doi.org/10.1007/s11250-015-0848-x
https://doi.org/10.1637/0005-2086-47.s3.817
https://doi.org/10.1637/0005-2086-47.s3.817
https://doi.org/10.1637/9714-953811-digest.1
https://doi.org/10.1186/s12917-018-1689-4
https://doi.org/10.1093/infdis/jiu529
https://doi.org/10.1016/j.rvsc.2017.06.024
https://doi.org/10.1016/j.virusres.2013.07.017


J. World Poult. Res., 10(1): 17-27, 2020 

 

27 

chickens and wild terrestrial birds. Veterinary Research, 44(1): 100-

    . DOI: https://doi.org/10.1186/1297-9716-44-100 .110

Kaleta EF, Honicke A (2004). Review of the literature on avian influenza 

A viruses in pigeons and experimental studies on the susceptibility 

of domestic pigeons to influenza A viruses of the haemagglutinin 
subtype H7. Deutsche tierärztliche Wochenschrift, 111: 453–484.  

Kandeil A, El-Shesheny R, Maatouq A, Moatasim Y, Cai Z, McKenzie 

P, Webby R, Kayali G and Ali MA (2017). Novel reassortant H9N2 
viruses in pigeons and evidence for antigenic diversity of H9N2 

viruses isolated from quails in Egypt. Journal General Virology, 98: 

548–562. DOI:  https://doi.org/10.1099/jgv.0.000657 . 

Kausar A, Anwar S, Siddique N, Ahmed S, and Dasti JI (2018). 

Prevalence of Avian influenza H9N2 Virus among Wild and 

Domesticated Bird Species across Pakistan. Pakistan Journal of 
Zoology, 50(4): 1347-1354. DOI: 

https://doi.org/10.17582/journal.pjz/2018.50.4.1347.1354 . 

Khamas E (2008). Avian influenza (H9N2) outbreak In Iraq. Iraqi 
Journal of  Veterinary Science,  32: 223–230. 

Killian ML (2008). Hemagglutination assay for avian influenza virus. In 

Avian influenza virus, Humana Press, pp.47-52. DOI: 
https://doi.org/10.1007/978-1-59745-279-3_7 . 

Kim SH (2018). Challenge for One health: co-circulation of zoonotic 

H5N1 and H9N2 avian influenza viruses in Egypt. Viruses, 10 (3): 
121-128. DOI:  https://doi.org/10.3390/v10030121 . 

Kraidi QA, Langeroudi AG, Madadgar O and Karimi V (2016). 

Prevalence of AIV subtype H9 among poultry with respiratory 
signs in Iraq. Bulgarian Journal of Veterinary Medicine, 20 (4): 

367-376. DOI: https://doi.org/10.15547/bjvm.1022. 

Kraidi QA, Madadgar O, Ghalyanchi Langeroudi A and Karimi V 

(2017). Genetic analysis of H9N2 avian influenza viruses circulated 

in broiler flocks: a case study in Iraq in 2014–2015. Virus Genes, 
53: 205–214. DOI: https://doi.org/10.1007/s11262-016-1407-x . 

Lee DH, Bahl J, Torchetti MK, Killian ML, Ip HS, DeLiberto TJ, and 

Swayne DE (2016). Highly pathogenic avian influenza viruses and 
generation of novel reassortants, United States, 2014–2015. 

Emerging Infectious Diseases, 22:1283–1285. DOI: 

https://doi.org/10.3201/eid2207.160048 . 

Lee YN, Lee DH, Park JK, Lim TH, Young HN, Yuk SS, Lee YI, Mo IP 

(2011).Isolation and characterization of a novel H9N2 influenza 

virus in Korean native chicken farm. Avian Disease, 55:724-7. 
DOI:  https://doi.org/10.1637/9925-977411-digest.1.    

Liu Y, Han NC, Wang X, Lin J, Ma M, Shu Y, Zhou J, Yang H, Liang Q 

and Guo C (2009). Influenza A virus receptors in the respiratory 
and intestinal tracts of pigeons. Avian Pathology, 38, 263-266. 

DOI: https://doi.org/10.1080/03079450903055363. 

Liu Y, Yang Z, Wang X, Chen J, Yao J, Song Y and Pan J (2015). 

Pigeons are resistant to experimental infection with H7N9 avian 

influenza virus. Avian Pathology, 44(5): 342-346. DOI: 

https://doi.org/10.1080/03079457.2015.1055235.   

Liu Y, Zhou J, Yang H, Yao W, Bu W, Yang B, Song W, Meng Y, lin J 

and Han C (2007). Susceptibility and transmissibility of pigeons to 

Asian lineage highly pathogenic avian influenza virus subtype 
H5N1. Avian Pathology, 36: 461-465. DOI:  

https://doi.org/10.1080/03079450701639335.   

MacLachlan NJ and Dubovi EJ (2011).  Orthomyxoviridae. In Fenner’s 
Veterinary Virology. 4th Edition. Academic Press, Elsevier 

Publication. pp. 353-370.  

Mehrabadi MHF, Bahonar A, Mirzaei K, Molouki A, Ghalyan 
Chilangeroudi A, Ghafouri SA, Tehrani F and Lim SHE (2018). 

Prevalence of avian influenza (H9N2) in commercial quail, 

partridge, and turkey farms in Iran, 2014–2015. Tropical Animal 
Health and Production, 50: 677-682. DOI: 

https://doi.org/10.1007/s11250-017-1438-x.    

Mohamed N, Mohamed S, Kandeil A, AL-Zubaidy IAH, Kayali G and 
Ali M.A (2018).  Genetic and antigenic characterization of avian 

influenza H9N2 viruses during 2016 in Iraq. Open Veterinary 

Journal,  9(2): 164–171. DOI: https://doi.org/10.4314/ovj.v9i2.12 .  

Mohammadi, A., Masoudian, M., Nemati, Y., and Seifi, S. (2010). 

Serological and RT-PCR assays for detection of avian influenza of 

domestic pigeons in Kavar area (Fars province, Iran). Bulgarian 
Journal of Veterinary Medicine, 13(2): 117-121.  

Mostafa A, Abdelwhab EM, Mettenleiter TC, and Pleschka S (2018). 

Zoonotic potential of influenza A viruses: a comprehensive 
overview. Viruses, 10(9): 497. DOI.https://doi. 

org/10.3390/v10090497 

Nagy A, Mettenleiter TC, and Abdelwahab EM (2017). A brief summary 
of the epidemiology and genetic relatedness of avian influenza 

H9N2 virus in birds and mammals in the Middle East and North 

Africa. Epidemiology and Infection, 145:3320–3333. DOI: 
https://doi.org/10.1017/s0950268817002576.  

Nili H, and Asasi K (2003). Avian influenza (H9N2) outbreak in Iran. 

Avian Diseases, 47: 828–831. DOI:  https://10.1637/0005-2086-
47.s3.828. 

Quinn PJ, Markey BK, Leonard FC, Hartigan P, Fanning S and 

Fitzpatrick EI (2011). Veterinary microbiology and microbial 
disease. The Veterinary Journal, 165 (3): 333.  DOI: 

https://doi.org/10.1016/s1090-0233. 

Reed LJ and  Muench H (1938). A simple method of estimating fifty 
percent endpoints 12. American Journal of Epidemiology, 27(3): 

 . DOI: https://doi.org/10.1093/oxfordjournals.aje.a11840 .493-497

Shehata AA, Parvin R, Sultan H, and Halami MY (2015). Isolation and 
full genome characterization of avian influenza subtype H9N2 from 

poultry respiratory disease outbreak in Egypt. Virus Genes, 50 (3): 
389-400. DOI:  https://doi.org/10.1007/s11262-015-1188-7 . 

Shen HQ, Yan ZQ, Zeng FG, Liao CT, and Zhou QF (2015). Isolation 

and phylogenetic analysis of hemagglutinin gene of H9N2 
influenza viruses from chickens in South China from 2012 to 2013. 

Journal of Veterinary Science 16:317–324.DOI: 

https://doi.org/10.4142/jvs.2015.16.3.317 .    

Sun Y and Liu J (2015). H9N2 influenza virus in China: a cause of 

concern. Protein and cell, 6(1): 18-25. DOI:  

https://doi.org/10.1007/s13238-014-0111-7 .    

Sun Y, Pu J, Fan L, Sun H, Wang J, Zhang YI, Liu L and Liu J (2012).  

Evaluation of the protective efficacy of a commercial vaccine 

against different antigenic groups of H9N2 influenza viruses in 
chickens. Veterinary Microbiology, 156:193–199. DOI: 

https://doi.org/10.1016/j.vetmic.2011.10.003 .     

Tolba HMN, Rasha MM,  Abou Elez IE and Heba AA (2018).  
Molecular identification of avian influenza virus subtypes H5N1 

and H9N2 in birds from farms and live bird markets and in 

respiratory patients. Peer Journal, (6): 5473. DOI: 

https://doi.org/10.7287/peerj.5473v0.1/reviews/4. 

Turner JC,  Feeroz MM., Hasan MK, Akhtar S, Walker D, Seiler P, and 

Krauss S (2017). Insight into live bird markets of Bangladesh: an 
overview of the dynamics of transmission of H5N1 and H9N2 

avian influenza viruses. Emerging microbes and infections, 6(1): 1-

   . DOI: https://doi.org/10.1038/emi.2016.142 .8

Wang C, Wang Z, Ren X, Wang L, Li C, Sun Y, Wang M, Tong Q, Sun 

H and Pu J (2019). Infection of chicken H9N2 influenza viruses in 

different species of domestic ducks. Veterinary microbiology, 233: 
1-4. DOI: https://doi.org/10.1016/j.vetmic.2019.04.018 .   

Webster RG, Cox N and Stöhr K (2002) WHO Manual on Animal 

Influenza Diagnosis and Surveillance. Available at: 
http://www.who.int/csr/resources/publications/influenza/whocdscsr

ncs20025rev.pdf . 

Williams JE (1980). Micro test methodology. In: Isolation and 
Identification of Avian pathogens 2nd Edition .S. B. Hitchner. C. H. 

Domermuth. H. G. Purchase and J. E. Williams (Editors). American 

Association of Avian pathologiss College Station., pp. 136 – 140.  

Xu C, Ye H, Qiu W, Lin H, Chen Y, Zhang H and Liao M (2018). 

Phylogenetic classification of hemagglutinin gene of H9N2 avian 

https://doi.org/10.1186/1297-9716-44-100
https://doi.org/10.1099/jgv.0.000657
https://doi.org/10.17582/journal.pjz/2018.50.4.1347.1354
https://doi.org/10.1007/978-1-59745-279-3_7
https://doi.org/10.3390/v10030121
https://doi.org/10.15547/bjvm.1022
https://doi.org/10.1007/s11262-016-1407-x
https://doi.org/10.3201/eid2207.160048
https://doi.org/10.1637/9925-977411-digest.1
https://doi.org/10.1080/03079450903055363
https://doi.org/10.1080/03079457.2015.1055235
https://doi.org/10.1007/s11250-017-1438-x
https://doi.org/10.4314/ovj.v9i2.12
https://doi.org/10.1017/s0950268817002576
https://10.0.6.101/0005-2086-47.s3.828
https://10.0.6.101/0005-2086-47.s3.828
https://doi.org/10.1093/oxfordjournals.aje.a11840
https://doi.org/10.1007/s11262-015-1188-7
https://doi.org/10.4142/jvs.2015.16.3.317
https://doi.org/10.1007/s13238-014-0111-7
https://doi.org/10.1016/j.vetmic.2011.10.003
https://doi.org/10.7287/peerj.5473v0.1/reviews/4
https://doi.org/10.1038/emi.2016.142
https://doi.org/10.1016/j.vetmic.2019.04.018
http://www.who.int/csr/resources/publications/influenza/whocdscsrncs20025rev.pdf
http://www.who.int/csr/resources/publications/influenza/whocdscsrncs20025rev.pdf


Rasheed et al., 2020 

28 

influenza viruses isolated in China during 2012–2016 and 

evaluation of selected candidate vaccine strains. Poultry Science, 
97(9): 3023-3030. DOI: https://doi.org/10.3382/ps/pey154 . 

Xu W, Shao Q, Zang Y, Guo Q, Zhang Y and Li Z (2015). Pigeon RIG-I 

function in innate immunity against H9N2 AIV and IBDV. Viruses, 
7: 4131-4151. DOI: https://doi.org/10.3390/v7072813 . 

Yamamoto Y, Nakamura K, Yamada M and Mase M (2011). Limited 

susceptibility of pigeons experimentally inoculated with H5N1 
highly pathogenic avian influenza viruses. Journal of Veterinary 

Medical Science, 74 (2): 205-208. DOI: 

https://doi.org/10.1292/jvms.11-0312.   

 

https://doi.org/10.3382/ps/pey154
https://doi.org/10.3390/v7072813
https://doi.org/10.1292/jvms.11-0312


To cite this paper: Ayoola AA,  Ekunseitan D.A,  Muhammad SB, Oguntoye  MA and Adejola YA (2020). The Effects of Extraction Methods of Mangifera indica and Azadirachta 

indica Bark on in vitro Antimicrobial Efficacy and Performance of Broiler Chickens. J. World Poult. Res., 10 (1): 28-35. DOI: https://dx.doi.org/10.36380/jwpr.2020.4 

1 

 

JWPR 
Journal of World’s 

Poultry Research 

2020, Scienceline Publication    

J. World Poult. Res. 10(1): 28-35, March 25, 2020 

Research Paper, PII: S2322455X2000004-10 

  License: CC BY 4.0 

 

The Effects of Extraction Methods of Mangifera indica and 

Azadirachta indica Bark on in vitro Antimicrobial Efficacy and 

Performance of Broiler Chickens 
 

Akeem Ayobami Ayoola
1*

,  Deji. Abiodun Ekunseitan
1
, Sulaiman Babatunde  Muhammad

2
, Mutiu Ayogbe Oguntoye

3
 

and Yusuf Adewale Adejola
4
 

1Department of  Animal Production and Health, Federal University of Agriculture,  P. M. B. 2240, Abeokuta, Nigeria 
2Department of Animal Nutrition, Federal University of Agriculture,  P. M. B. 2240, Abeokuta, Nigeria 

3Department of Animal Science, Taraba State University, Jalingo, Nigeria 
4Department of Animal Production and Technology, Federal College of Agriculture, Ibadan, Nigeria 

*Corresponding author’s Email: ayoolaaa@funaab.edu.ng, ORCID: 0000-0003-1846-8704 

Received:  18 Dec. 2019 

Accepted:  27 Jan. 2020 

ABSTRACT 
This study investigated the in vitro efficacy of extracts of Mangifera indica and Azadirachta indica bark obtained by 

different extraction methods. Also, in an eight-week trial, the effect of these extracts on the performance of broiler 

chickens were evaluated. The barks were collected, air-dried and pulverized. The samples were extracted using 

maceration, infusion, and decoction methods. The extracts were screened for their activity against Escherichia coli 

and Streptococcus aureus. Two hundred and eighty-eight birds were divided into two groups (144 each) administered 

with A. indica or M. indica. Each group was subdivided into four subgroups, including control subgroup (no herb) 

and subgroups administered with bark extracted by one of the three extraction methods. The birds on herbal 

treatments were not given antibiotics. Results showed that the growth of E. coli was more inhibited by the various 

extracts irrespective of the methods of extraction. Weights were significantly influenced by the interaction between 

herb types and extraction methods at the starter phase. Infused herbs induced mortality at the finisher phase. In 

conclusion, S. aureus was more susceptible to the extracts compared to E. coli. However, decocted A. indica and M. 

indica bark, as well as macerated M. indica, showed antimicrobial potency against E. coli. It can be recommended 

that neem or mango bark extracted by maceration or decoction can be administered orally to broiler chickens 

especially at the starter phase, for improved performance and reduced mortality.  
 

Key words: Antimicrobial assay, Azadirachta indica, Extraction, Mangifera indica, performance 

 

INTRODUCTION 
 

Poultry farmers are interested in raising their birds to gain 

market weight as early as possible within the shortest 

period. This has led to the use of antibiotics that can 

modify the intestinal microbiota and eliminate harmful 

bacteria, which in turn improves the growth of the birds. 

However, there are global concerns over the use of 

antibiotics for growth promotion or therapy purposes 

because despite rigorous withdrawal measures to prevent 

antibiotic residues in food some drugs enter the human 

food chain and lead to increased antibiotic resistance 

(Molbak, 2005). For these reasons, European countries 

have banned the use of antibiotics as growth promoters in 

animal feed (Castanon, 2007). Therefore, research 

attention has been shifted to using natural alternatives such 

as medicinal plants as natural feed additives in poultry diet 

to enhance production performance as well as to counter 

bacteria growth (Abaza et al., 2008).  

Recent studies have tested the use of herbal extracts 

as alternatives to antibiotic growth promoters (Biswas et 

al., 2002; Landy et al., 2011; Sarker et al., 2014). The 

mechanism of action of bioactive components of these 

extracts is based on the alteration of the intestinal 

microbiota, increased enzyme secretion, histo-

morphological maintenance of the gastrointestinal tract, 

and enhancement of immune system (Brugalli, 2003).  

Various research studies have demonstrated antimicrobial, 

antifungal, anthelmintic and antioxidant effects of plant 

extracts (Kamel, 2000). Allinson et al. (2013) reported that 

herbal extracts improve the performance and Feed 

Conversion Ratio (FCR) in poultry as well as decrease the 

bacterial and oocyst counts.  Neem (Azadirachta indica) is 

one of the most prominent herbal medicines with different 

biologically active compounds such as azadirachtin, 

nimbin, salanin, meliacin, and triterpenoids (National 

Research Council, 1992; Ansari et al., 2012). 
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Mangifera indica (mango) is another plant whose 

leaves, fruits and barks are known for their medicinal 

potential and are being explored.  Khan et al. (1993) 

detected compounds such as terpenoidal saponins, 

polygalacturonase, fructose-1,6- diphosphatase, 

triterpenoid, 2- hyroxymangiferonic acid tetracyclic 

triterpenoid and pentacyclic triterpenoid in Mangifera 

indica extract. The bark infusion has been used as a gargle 

to treat mouth infections in children (Doughari and 

Manzara, 2008). 

Methods of preparation of crude extracts and their 

purity greatly influence the inhibitory activity of some 

herbs against infectious organisms. Also, the extraction 

method, extraction solvent and the plant part used 

determines the quality of the extract. Hence, this study 

aimed to evaluate the performance of broiler chickens 

administered with neem or mango bark extract prepared 

by decoction, infusion and maceration techniques. 

 

MATERIALS AND METHODS 

 

Experimental Site 

The research was carried out at the Poultry Unit of 

the Directorate of University Farms (DUFARMS), Federal 

University of Agriculture, Abeokuta, Ogun State, Nigeria. 

 

Ethical approval  

The present study was approved by the ethics and 

research committee of the College of Animal Science and 

Livestock Production, Federal University of Agriculture, 

Abeokuta, Nigeria.  

 

Preparation of plant extracts 

The A. indica and M. indica barks were air-dried and 

pulverized. Three methods of extraction used; maceration, 

infusion, and decoction. Maceration was performed by 

soaking of 100 g of dried barks of each sample in 1 L of 

cool water in a covered plastic for 72 hours at room 

temperature, and then the mixture was strained. The 

infusion process involved soaking of 100 g of either A. 

indica or M. indica dried barks in 1 L of hot water for 12 

hours, then was filtered to obtain the extract. Decoction 

method performed by boiling 100 g dried barks in 1 L of 

water for 1 hour. After cooling, the extract was obtained 

by decantation.  

 

Assessment of antimicrobial activity of plant 

extracts 

The agar well diffusion method was used for the 

antimicrobial susceptibility test. Mueller Hilton agar was 

prepared according to the manufacturer’s specifications. 

The media were autoclaved and dispensed into sterile 

Petri-dishes and allowed to gel. Standardized inocula of 

Escherichia coli and Staphylococcus aureus were streaked 

on the agar plate. Six wells of 6 mm each were made in 

each plate with a central well for positive control using a 

sterile cork borer. The wells were filled with 0.1 ml of 

different extracts of two herbs prepared by different 

methods (infusion, maceration, and decoction). In 

addition, 0.1 ml of ciprofloxacin were used in separate 

plates to serve as positive control while sterile distilled 

water was used as a negative control on separate plates. 

The plates were allowed to stand for 15 minutes to allow 

free diffusion of the extracts.  After 24 hours of incubation 

at 37 
°
C, a transparent plastic meter rule was used to 

measure the diameters of zone of inhibition, according to 

Dahiru et al. (2013). 

 

Growth response trial 

A total of 288 day-old broiler chicks was divided 

into two groups (144 birds each group) administered with 

A. indica or M. indica. Each group was subdivided into 

four subgroups (36 birds each) including control (no herb 

administered) and subgroups administered with herbal 

extracts obtained from different extraction methods: 

maceration, infusion, and decoction. Hence, the birds were 

arranged in a 2 × 4 experimental layout. Brooding was 

done for two weeks. Commercial broiler starter was given 

for the first four weeks, while commercial broiler finisher 

was given from four weeks to eight weeks (Table 1). The 

groups were given necessary medications (antibiotics, 

coccidiostats, and vitamins) and vaccinations (Gumboro 

vaccine on 7
th

 and 15
th

 day, and Lasota at 4 weeks of age). 

Birds treated with medicinal herbs were not given 

antibiotics. Herbs were supplied in drinking water (the 

extracts were added at a dosage of 150 ml to 1 L water) for 

three consecutive days per week for six weeks. 

 

Table 1. Nutrient composition of feed 

Parameter 
Starter 

diet 

Finisher 

diet 

Crude protein (%) 21.00 18.00 

Fat (%) 6.00 6.00 

Crude fiber (5%) 5.00 5.00 

Calcium (%) 1.00 1.00 

Available phosphorus (%) 0.45 0.40 

Lysine (%) 1.00 0.85 

Methionine (%) 0.50 0.35 

Salt (%) 0.30 0.30 

Metabolizable energy (Kcal/kg) 2900 2800 
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Data collection 

Feed intake 

The amount of feed given to the birds and the 

leftover were measured weekly to determine the feed 

intake according to the following equation: 
                                         

 

Body weight and weight gain 

The birds were weighed on a replicate basis at the 

commencement of the experiment and subsequently every 

week. 
                                                                    
                                                           
                                                                  
 

Feed conversion ratio 

The FCR was calculated as total feed intake divided 

by weight gain. 
                                                 
 

Mortality rate 

The mortality rate was calculated as the total number 

of dead birds divided by the total number of birds and 

expressed in percentage. 
 

Statistical analysis 

Data obtained on antibacterial assay were subjected 

to one-way analysis of variance while those on 

performance were subjected to one way of analysis of 

variance in a 2×4 factorial experimental layout using SPSS 

software (version 23.0) Significant means were separated 

using Duncan’s multiple range test at 5% level of 

significance (p<0.05). 

 

RESULTS 

 

Antimicrobial assay of differently extracted 

Mangifera indica and Azadirachta indica bark on 

selected bacteria 

Figure 1 shows the bar chart representation of the 

antimicrobial assay of differently extracted M. indica and 

A. indica bark on the Gram-negative organism 

(Escherichia coli) and gram-positive (Staphylococcus 

aureus) bacteria. Significant differences (p<0.05) were 

observed among the distance of inhibition zone of E. coli 

and S. aureus with respect to the type of herbs and 

extraction methods. The highest zone of inhibition of the 

two bacteria (33.00 mm and 29.00 mm for E. coli and S. 

aureus, respectively) was recorded for positive control 

samples (ciprofloxacin) (p<0.05). However, it was 

observed that the extracts of A. indica obtained by infusion 

and maceration methods and M. indica obtained by 

infusion did not inhibit the growth of E. coli while others 

had similar values. growth of S. aureus was inhibited by 

the extracts from the various methods of extraction except 

for extract of M. indica obtained by decoction. 
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Figure 1. Antimicrobial assay of differently extracted 

Mangifera indica and Azadirachta indica bark on 

Escherichia coli and Staphylococcus aureus. AI: Azadirachta 

indica extracted by infusion; AM: Azadirachta indica extracted by 

maceration method;  AD: Azadirachta indica extracted by decoction; 

MI: Mangifera indica extracted by infusion;    MM: Mangifera indica 

extracted by maceration method; MD: Mangifera indica extracted by 

decoction. 

 

Effect of herb types and extraction methods on 

the performance of broiler chickens at the starter 

phase 

The performance traits of birds were not 

significantly (p>0.05) affected by herbs and different 

extraction methods at the starter phase (Table 2). The 

interaction effect of herbs and extraction methods on the 

performance of broiler chickens at the starter phase is 

presented in table 3. Final weight and total weight gain 

were highest (p<0.05) in the control group of birds 

administered with M. indica extract while the lowest were 

recorded for birds administered with A. indica prepared by 

the infusion method.  

 

Effect of herbs and extraction methods on the 

performance of broiler chickens at the finisher phase 

The main effect of herbs and extraction methods on 

the performance of broiler chickens at the finisher phase is 

presented in table 4. Herb type had no influence (p>0.05) 

on all parameters measured. However, the highest 

(p<0.05) mortality (1.67%) was observed in birds 

administered herb extract prepared by infusion. The 

effects of interaction between herbs and extraction 

methods on the performance of broiler chickens at the 

finisher phase are shown in table 5.  All performance traits 

evaluated were similar (p>0.05) except the mortality. 

Mortality was highest for birds administered with A. 

indica extract prepared by infusion and the lowest was 

recorded for control birds and birds administered with M. 

indica and A. indica extracts prepared by maceration. 
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Table 2. Main effect  of different herbs and different extraction methods on the performance of broiler chickens at starter phase 

 Effect of Herbs Effect of  Extraction Methods 

Parameters MI AI Control Maceration Infusion Decoction 

Initial weight (g/bird) 41.01±0.71 41.14±2.89 42.06±3.86 40.89±0.65 40.71±0.83 40.64±1.37 

Final weight (g/bird) 760.32±41.12 738.02±50.67 764.52±61.13 770.48±47.96 722.22±40.02 739.44±22.62 

Total Weight gain (g) 719.31±41.12 698.88±51.90 722.46±63.41 729.59±48.28 681.51±40.29 698.81±22.80 

Weight gain/day (g/ bird /day) 25.69±1.47 24.89±1.85 25.80±2.26 26.06±1.72 24.34±1.44 24.96±0.81 

Total feed (g/bird) 1580.55±220.69 1603.37±89.59 1605.78±55.33 1532.72±262.85 1538.37±70.88 1690.97±169.13 

Total feed/day (g/ bird /day) 56.45±7.88 57.26±3.20 57.35±1.98 54.74±9.39 54.94±2.53 60.39±6.04 

Total water intake (ml/ bird) 3588.46±264.41 3418.44±146.14 3604.62±238.75 3555.65±203.04 3417.06±167.53 3436.47±281.60 

Water intake/day (ml/ bird /day) 128.16±9.44 122.09±5.22 128.74±8.53 126.99±7.25 122.04±5.98 122.73±10.06 

Mortality (%) 0.50±0.80 0.25±0.62 0.17±0.41 0.50±0.84 0.17±0.41 0.67±1.03 

FCR 2.20±0.33 2.31±0.22 2.24±0.26 2.10±0.38 2.26±0.16 2.42±0.27 

Data are expressed as mean ± standard deviation. MI: Mangifera indica AI: Azadirachta indica FCR: Feed conversion ratio 

 

 

 

 

 

Table 3. Interaction effects of between herbs and extraction methods on the performance of broiler chickens at starter phase 

 Mangifera indica Azadirachta indica 

Parameters Control Maceration Infusion Decoction Control Maceration Infusion Decoction 

Initial weight (g/bird) 40.64±0.84 41.31±0.63 40.92±1.02 41.17±0.44 43.47±5.12 40.47±0.38 40.5±0.73 40.11±1.91 

Final weight (g/bird) 801.26±56.45a 753.33±10.14ab 738.89±41.94ab 747.78±27.15ab 727.78±45.90ab 787.63±69.03ab 705.56±37.58b 731.11±18.28ab 

Total weight gain (g) 760.62±55.75a 712.03±9.51ab 697.97±42.24ab 706.61±27.40ab 684.31±50.75ab 747.15±69.37ab 665.06±38.23b 691.00±19.13ab 

Daily weight gain (g/bird) 27.17±1.99a 25.43±0.34ab 24.93±1.51ab 25.24±0.98ab 24.44±1.82ab 26.68±2.48ab 23.75±1.37b 24.68±0.68ab 

Total feed intake (g/bird) 1571.29±25.26 1438.01±379.28 1561.47±90.52 1751.44±200.56 1640.28±58.70 1627.42±44.34 1515.28±52.61 1630.50±142.52 

Daily feed intake (g/bird) 56.12±0.90 51.36±13.55 55.77±3.23 62.55±7.16 58.58±2.10 58.12±1.58 54.12±1.88 58.23±5.10 

Total water intake (ml/bird) 3730.11±230.67 3710.28±148.90 3449.48±192.17 3463.97±409.44 3479.14±205.08 3401.01±95.71 3384.64±173.44 3408.97±168.33 

Water intake/day (ml/bird/day) 133.22±8.24 132.51±5.32 123.20±6.86 123.71±14.62 124.26±7.32 121.46±3.42 120.88±6.19 121.75±6.01 

Mortality (%) 0.33±0.58 0.67±1.15 0.33±0.58 0.67±1.15 0±0 0.33±0.58 0±0 0.67±1.15 

FCR 2.07±0.12 2.02±0.51 2.24±0.20 2.48±0.32 2.41±0.25 2.19±0.27 2.28±0.15 2.36±0.28 

Data are expressed as mean ± standard deviation. Different superscript letters in the same row indicate significant differences (p<0.05). FCR: Feed conversion ratio 
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Table 4. Main effect of herbs and extraction methods on the performance of broiler chickens at finisher phase 

 Effect of Herbs Effect of Extraction Methods 

Parameters MI AI Control Maceration Infusion Decoction 

Initial weight (g/bird) 760.32±41.12 738.02±50.67 764.52±61.13 770.48±47.96 722.22±40.02 739.44±22.62 

Final weight (g/bird) 1847.70±77.95 1825.62±90.63 1846.09±121.54 1853.33±48.32 1836.15±39.17 1811.07±110.25 

Total weight gain (g) 1087.38±52.34 1087.60±87.17 1081.57±83.27 1082.85±47.62 1113.92±38.06 1071.63±104.33 

Daily weight gain (g/bird) 38.84±1.87 38.84±3.11 38.63±2.98 38.67±1.70 38.78±1.36 38.27±3.73 

Total feed intake (g/bird) 3349.67±221.60 3319.51±172.89 3245.46±116.22 3334.21±217.66 3354.95±121.10 3403.74±288.70 

Daily feed intake (g/bird) 119.63±7.91 118.55±6.17 115.91±4.15 119.08±7.77 119.82±4.36 121.56±10.31 

Total water intake (ml/bird) 9398.34±744.80 9279.79±463.35 9424.79±517.85 9466.10±775.48 9368.98±495.06 9096.40±703.59 

Water intake/day (ml/bird/day) 335.66±26.60 331.42±16.55 336.60±18.49 338.08±27.70 334.61±17.68 324.87±25.13 

Mortality (%) 0.92±0.67 1.08±0.79 0.67±0.52b 0.67±0.52b 1.67±0.52a 1.00±0.89ab 

FCR 3.08±0.22 3.07±0.24 3.01±0.17 3.08±0.07 3.01±0.12 3.20±0.40 

Data are expressed as mean ± standard deviation. Different superscript letters in the same row indicate significant differences (p<0.05). MI: Mangifera indica. AI: Azadirachta indica. FCR: Feed conversion 
ratio 

 

 

 

 

Table 5. Effects of interaction between herbs and extraction methods on the performance of broiler chickens at finisher phase 

 Mangifera indica Azadirachta indica 

Parameters Control Maceration Infusion Decoction Control Maceration Infusion Decoction 

Initial weight (g/bird) 801.26±56.45a 753.33±10.14ab 738.89±41.94ab 747.78±27.15ab 727.78±45.90ab 787.63±69.03ab 705.56±37.58b 731.11±18.28ab 

Final weight (g/bird) 1922.73±105.92 1855.15±60.58 1828.96±6.89 1783.97±57.77 1769.44±89.95 1851.52±46.43 1843.33±60.28 1838.18±157.63 

Total weight gain (g) 1121.47±52.92 1101.82±59.19 1090.07±37.38 1036.19±37.01 1041.67±98.79 1063.89±32.96 1137.78±22.75 1107.07±148.56 

Daily weight gain (g/bird) 40.05±1.89 39.35±2.11 38.93±1.33 37.01±1.32 37.20±3.53 37.10±1.18 40.63±0.81 39.54±5.31 

Total feed intake (g/bird) 3277.53±96.02 3402.51±283.09 3332.37±148.16 3386.27±379.88 3213.38±146.49 3265.91±155.90 3377.53±117.16 3421.21±251.30 

Daily feed intake (g/bird) 117.05±3.43 121.52±10.11 119.01±5.29 120.94±13.57 114.76±5.23 116.64±5.57 120.63±4.18 122.19±8.97 

Total water intake (ml/bird) 9853.93±328.54 9792.97±1067.47 9130.47±408.60 8816.00±689.49 8995.66±100.11 9139.24±208.38 9607.49±524.51 9376.79±725.49 

Water intake/day (ml/bird/day) 351.93±11.73 349.75±38.12 326.09±14.59 314.86±24.62 321.27±3.58 326.40±7.44 343.12±18.73 334.89±25.91 

Mortality (%) 0.67±0.58b 0.67±0.58b 1.33±0.58ab 1.00±1.00ab 0.67±0.58b 0.67±0.58b 2.00±0a 1.00±1.00ab 

FCR 2.92±0.10 3.08±0.09 3.06±0.09 3.27±0.37 3.10±0.20 3.07±0.05 2.97±0.14 3.13±0.49 

Data are expressed as mean ± standard deviation. Different superscript letters in the same row indicate significant differences (p<0.05). FCR: Feed conversion ratio 
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DISCUSSIONS 

 

Failure of bark extracts of infused A. indica, infused M.  

indica and macerated A. indica to inhibit E. coli growth 

(no inhibition zone diameter observed) indicates the 

resistance of the organism to those extracts. The 

appearance of the zone of inhibition by herbs prepared by 

decoction may indicate that this method can lead to a 

better release of phytochemicals and active ingredients 

effective in inhibiting E. coli activity. Since infusion and 

maceration techniques involve soaking in hot and cold 

water, respectively, thus the antimicrobial efficacy could 

be less potent due to reduced quality and quantity of 

phyto-components released, resulting in the bacteria 

resistant. Azwanida (2015) stated that decoction is the 

most effective method for extracting hard plant materials 

and heat-stable compounds. 

It has been documented that E. coli can rapidly 

change their genetic makeup as gram-negative bacteria, 

this enables them to develop resistance to antibiotics 

(Uwimbabazi et al. 2015). This can be attributed to the 

lower potency of the extracts on E. coli compared to S. 

aureus. Resistant bacteria change their cell walls lightly, 

so the antibiotics cannot attach, or they produce enzymes 

to disable the antibiotics. Hence, the result of this study is 

inconsistent with findings of Gajendrasinh et al. (2012) 

who reported that aqueous and ethanol extracts of A. 

indica leaves were most effective against  E. coli. The 

variation observed in the result could be attributed to the 

differences in solvent types and plant parts used. 

 M. indica showed a slightly stronger potency on 

both bacteria when extracted by the maceration method 

compared to infused and macerated A. indica and infused 

M. indica This finding indicated the role of different 

methods of extraction in influencing the potency of the 

extract. 

The similar performance in birds administered with 

A. indica and M. indica at the starter and finisher phase is 

an indication that both herbs induced similar growth 

response in the birds. Meanwhile, in a similar study by 

Sarker et al. (2014), it was reported that body weight and 

weekly weight gain in broilers were improved with oral 

supplementation of 1% aqueous neem leaf extract 

compared to control group. 

The fairly poor performance recorded for birds 

administered with infused A. indica bark indicates that 

growth performance decreased at the starter phase. This 

finding may indicate that the birds cannot well tolerate 

infused extract or that the potency of the herb prepared 

through this method is lower compared to other methods.  

Infusion is generally used for softer parts including leaves 

and flowers, thus this method may not effectively release 

the beneficial bioactive components in plant parts such as 

bark that was used in this study. Also, the temperature 

might not be adequate to destroy or reduce the quantity of 

antinutritional components of the extract which could 

impair feed utilization and hence suppress the growth. 

Tannin is a known antinutritional factor present in both 

herbs used and can be degraded at high temperatures. 

However, the temperature at infusion might not be 

sufficient to degrade it. Tannins in diet decrease 

palatability, reduce feed intake, suppress growth rate, 

impair net metabolizable energy and protein digestibility 

resulting in poor feed efficiency in animals. Tannins can 

also inhibit cellular protein synthesis by forming 

irreversible complexes with proline-rich proteins 

(Adejuwon et al., 2011). Contrarily, similar feed intake 

and FCR in the birds administered with infused bark 

extract with other groups in this study could be due to the 

fact that the herbs were administered orally and not 

incorporated into the diet.  

The insignificant effect of the interaction of herbs 

and extraction methods on all performance parameters 

with the exception of mortality at the finisher phase 

corroborates the statement reported by Ayoola et al. 

(2015) that neem leaf had no significant effect on broiler 

performance at the finisher phase. Some authors found no 

effect of these additives on growth, feed consumption or 

FCR in broilers (Cross et al., 2007; Ocak, et al., 2008). 

The similar effect of water intake throughout the 

study is in agreement with Durrani et al. (2007), who 

reported the non-significant effect of medicinal herbs on 

water intake of birds. 

The highest mortality recorded in birds administered 

with the extract obtained by the infusion method at the 

finisher phase could be attributed to the accumulation of 

tannin which eventually became toxic and induce 

mortality among the birds. Also, temperature in the 

infusion method may not be enough to destroy toxic 

components present, unlike decoction which involves 

higher temperature and longer heating time. Thermal 

treatment of plant materials reduces the tannin content. 

(Rakic, 2004). Levels of tannin above 5% are often lethal, 

and it was reported that neem bark contains about 14% 

tannin (NRC, 1992). It is thought that the mortality rate 

was higher due to inability of the infusion method to 

properly reduce the tannin content. It can be also related to 

the length of time because too long infusion can cause 

high tannin content and tannins at high levels can result in 

mortality. According to Calislar (2017), poultry develops 
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bone problems and necrotic organs (crop, gizzard, and 

duodenum) resulting from liver and kidney poisoning due 

to excess tannin consumption. Smulikowska et al. (2001) 

also reported that inclusion of feed ingredients containing 

tannins resulted in undesirable physiological and 

biochemical effects including growth inhibition and 

negative nitrogen balances. 

 

CONCLUSIONS 

 

This study concludes that gram-positive (Staphylococcus 

aureus) bacteria in comparison to gram-negative 

(Escherichia coli) bacteria are more susceptible to 

antimicrobial effect of extracts of Mangifera indica and 

Azadirachta indica, regardless of the extraction methods. 

Mangifera indica and Azadirachta indica extracts had 

similar effects on the growth performance of broiler 

chickens at starter and finisher phases.  Administration of 

infused neem bark decreased weight gain at the starter 

phase and increased mortality at the finisher phase. Hence, 

it can be recommended that neem or mango bark extracted 

by maceration or decoction can be administered orally to 

broiler chickens especially at the starter phase to improve 

performance and reduce mortality.  
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ABSTRACT 
L-citrulline (L-Cit) is considered one of the potential amino acids that are able to reduce body temperature in layer 

chicks. However, there are no reports on functions of L-Cit in KUB chicks. Therefore, the present study aimed to 

evaluate the effects of oral administration of L-Cit on feed intake, body temperature and plasma biochemical 

parameters of KUB chicks over two hours post-administration. Neonatal KUB chicks were orally administered with 

different doses of L-Cit (0, 3.75, 7.5 and 15 mmol/kg body weight). At 30, 60 and 120 min, feed intake was 

determined, also rectal temperature of chicks was measured by using a digital thermometer. At 120 min after 

administration, the blood samples were immediately collected through the jugular vein, then biochemical parameters 

of plasma (total cholesterol, triacylglycerol and total glucose) were analyzed. The obtained results indicated that feed 

intake, body temperature, and plasma metabolites were not significantly influenced by different doses of L-Cit. In 

conclusion, L-Cit could not able to improve feed intake, decrease body temperature and change plasma metabolites in 
KUB chicks.  

Keywords: Body temperature, Feed intake, KUB chick, L- citrulline, Plasma metabolites 

 

INTRODUCTION 
 

In general, native chickens play an important role in 

supporting income generation, especially in many 

underdeveloped countries (Padhi, 2016). KUB chickens 

are offspring of local chickens in several areas of West 

Java that are obtained after six generations of a 

systematically-controlled breeding system (Purbarani et 

al., 2019). The KUB chickens have several advantages 

compared to their previous generations as well as local 

chickens. For instance, KUB chickens have high rates of 

egg production (160-180 eggs/year), high hatchability, and 

low feed conversion ratio (Sartika, 2016). Besides that, 

KUB chicken is considered a meat type breed (Hidayah et 

al., 2019) and the high demand for chicken meat might 

potentially be fulfilled by increasing the productivity of 

KUB chicken.  

In order to obtain good performance as an expression 

of the genetically improved breed, some efforts such as 

optimal management conditions (housing and feeding), is 

needed to increase biological and economic productivity.  

Many factors may influence poultry production in tropical 

and subtropical areas. The climatic environment is one of 

the important factors affect production efficiency in these 

regions (Renaudeau et al., 2012). Poultry experiences heat 

distress when the combination of relative humidity and 

ambient temperature rise above the comfort zone (Teeter 

and Belay, 1996). There are concerns about reduced 

poultry production due to high ambient temperatures not 

only in tropical regions but also in some countries that 

occupy the temperate where heat stress is an occasional 

problem during the summer months. 

Several nutritional strategies have been reported to 

overcome the adverse effects of heat stress in poultry 

(Teeter and Belay, 1996; Yahav, 2000; Erwan et al., 

2013a, 2014, 2017; Chowdhury et al., 2015). Heat stress 

reduces laying percentage, egg size, eggshell durability, 

and body weight gain, as well as increases mortality in 

layers (Sterling et al., 2003; Lin et al., 2004; Franco-

Jimenez and Beck, 2007). Also, it appears to have a 

detrimental impact on poultry meat quality, however, it 

has been reported that breast meat characteristics remain 

unaffected by heat stress (Goo et al., 2019). 

Nutrients, especially amino acids, are widely used as 

anti-stress agents with regard to psychological and 

physiological stress (Yamane et al., 2009; Hamasu et al., 

2010; Erwan et al., 2012). Amino acid supplements, 
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particularly essential amino acids, has been used in 

attempts to overcome problems of heat stress in birds 

(Mendes et al., 1997; Daghir et al., 2003). 

It has been reported that oral administration of L-

citrulline (L-Cit) decreased the body temperature in layer 

chicks (Chowdhury et al., 2015).  However, there are no 

reports on the function of L-Cit in KUB chicks. Therefore, 

the purpose of this study was to examine the effect of 

orally administered L- Cit on rectal temperature and some 

plasma biochemical parameters in KUB chicks.  

 

MATERIALS AND METHODS 

 

This research was conducted at the Poultry Division 

Field Laboratory, Faculty of Agriculture and Animal 

Science, State Islamic University of Sultan Syarif Kasim 

Riau, Indonesia in 2018. 

 

Ethical approval 

This experiment was carried out in strict accordance 

with the recommendations in the Guide for the Care and 

Use of Animal, at the Faculty of Agriculture and Animal 

Science, State Islamic University of Sultan Syarif Kasim 

Riau, Pekanbaru, Indonesia 

 

Animals  

Thirty-two, one-day-old, KUB chicks were 

purchased from a local hatchery and housed in a wire-

meshed cage (50 × 35 × 31 cm) at a constant temperature 

of 30 ± 1°C and with continuous light. Feed (Charoen 

Phokpand, Indonesia) and water were provided ad libitum. 

Feed composition is presented in table 1. One day before 

the experiment, chicks (4 days old) were weighed 

individually and assigned to treatment and control groups 

based on their body weight to produce uniform groups. 

The number of animals used in each group was kept to the 

minimum (n = 8) that would still ensure adequate 

statistical power. 

 

Table 1. The percentage of nutrient content in ration 

Nutrient Value 

Crude Protein (%) 23.50 

Crude Fiber (%) 1.88 

Crude Fat (%) 5.87 

Ca (%) 0.29 

P (%) 0.15 

ME (Kcal/kg) 3,050 

Ca: Calcium, P: Phosphor, ME: Metabolizable Energy; *Commercial 

feed: 311-VIVO, PT, Charoen Pokphand, Indonesia; **Mineral Premix: 

Supplemented for kg of the diets: Vit. A, 12000 IU; D3, 2000 IU; E, 20 
mg; K3, 3 mg; B2, 7 mg; B3, 12 mg; B5, 3 mg; B12, 0.03 mg; biotin, 0.1 

mg; choline chloride, 300 mg; Mn, 130 mg; Fe, 70 mg; Zn, 60 mg; Cu,12 

mg; I,1 mg; Se, 0.2 mg, and adequate antioxidant. 

Experimental design 

After a habituation period, chicks were randomly 

selected and divided into four groups each consisting of 

eight chicks. The chicks were reared individually in 

experimental cages and had ad libitum access to diet up to 

the time of the experiment. On the day of the experiment, 

each chick (5 days old) received L-Cit orally (treatment 

groups) or distilled water (control group) by the plastic 

needle on small syringe. Based on our recent report on L- 

or D-Asp and L-Cit in layer chicks (Erwan et al., 2013b, 

2014; Chowdhury et al., 2015), treatment groups received 

3.75, 7.5 or 15.0 mmol/ kg body weight as the low, 

medium and high dose, respectively. The chicks were fed 

ad libitum diets for 2 h immediately after the treatment.  

At the end of the experiments (2 h after L-Cit 

administration), birds were decapitated under chloroform 

anesthesia. Blood samples were collected in heparinized 

tubes and centrifuged for 15 min at 5,000 g, and the 

plasma was collected and stored at −20 °C until analysis 

took place.  

 

Analysis of plasma biochemical parameters 

The biochemical parameters of plasma including 

total glucose, total cholesterol, and triacylglycerol were 

determined with Microlab 300 (Vital Scientific, 

Netherland) as per the manufacturer’s instructions. All the 

samples were assayed together and in a random sequence 

for each metabolite.  

 

Measurement of feed intake and rectal 

temperature  

At 30, 60 and 120 min after L-Cit administration, 

feed intake was calculated by measuring the reduction in 

the amount of feed consumed from a pre-weighed feeder. 

Similarly, rectal temperature of chicks was determined at 

30, 60 and 120 min after L-Cit administration using a 

digital thermometer with an accuracy of ±0.1°C 

(Thermalert TH-5, Physitemp Instruments Inc., USA). It 

took about 5 sec to measure rectal temperature by inserting 

the probe.  

 

Statistical analysis 

Data on feed intake and rectal temperature were 

analyzed by repeated-measures two-way analysis of 

variance (ANOVA). Plasma metabolites were statistically 

analyzed by one-way ANOVA and regression equations. 

When significant differences were found, the comparison 

of means was performed using Tukey’s test as a post hoc 

test. Differences were considered significant at p<0.05. 

Values are presented as means ± SEM. Statistical analysis 
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was carried out using the commercially available package 

StatView (Version 5, SAS Institute, Cary, USA). Data 

were checked by the Thompson rejection test to eliminate 

outliers (p<0.05), and the remaining data were used for the 

analysis among groups. 

 

RESULTS AND DISCUSSION 

 

The aim of the current study was to reveal whether the L-

Cit amino acid influenced feed intake and have 

thermoregulatory functions in KUB chicks. Feed intake 

was not significantly affected by oral administration of 

several doses of L-Cit (data not shown). This result was 

consistent with the previous report by Erwan et al. (2016) 

who revealed that the inclusion of watermelon rind in 

ration during two weeks did not influence feed intake in 

broiler chicks. However, the aforementioned authors 

demonstrated that feed consumption increased when 

chicks fed for three weeks. The present findings also 

contrasted with previous findings in layers where L-Cit 

given for up to 9% caused a significant increase in feed 

intake in male layer chicks (Nguyen et al., 2019). These 

discrepancies in the feed intake in response to L-Cit may 

be due to variations in the experimental period, differences 

in doses, or species differences. Further experimentation 

would be needed to clarify the factors involved in this 

disparity. 

As shown in diagram 1, rectal temperatures of KUB 

chicks did not change significantly by the oral 

administration of L-Cit (p >0.05). This result was not 

consistent with the previous report that indicated the oral 

administration of L-Cit decreased the body temperature in 

layer and broiler chicks (Erwan and Febriyanti, 2015; 

Chowdhury et al., 2017). The body temperature of KUB 

chicks ranged from 39.5 to 40.5 °C, which was still in the 

normal range. The different effects observed in this study 

can be attributed to the difference in chicken type. It is 

well known that indigenous chickens are more adaptable 

to stress than commercial chickens. Duangjinda (2017) 

revealed that indigenous chickens from a tropical 

environment had lower heterophil-to-lymphocyte ratio and 

mortality rate than those of commercial broilers under heat 

stress conditions. Similarly, Aengwanich (2007) revealed 

that Thai indigenous chickens and Thai crossbreed 

chickens can tolerate higher temperatures than broiler 

chickens.  

Table 2 shows the effect of oral administration of 

different doses of L-Cit on certain biochemical parameters 

of plasma, indicating no significant changes were 

observed (p >0.05). The effect of oral administration of L-

Cit on total cholesterol, triacylglycerol, and glucose in the 

plasma of indigenous chicks is unclear. Watermelon rind 

contains a natural source of citrulline (Rimando and 

Perkins-Veazie, 2005). A previous study found that oral 

administration of red watermelon rind juice dose-

dependently increased glucose and triacylglycerol in 

broiler chickens (Erwan et al., 2016). In contrast, 

Chowdhury et al. (2017) revealed that oral administration 

of L-Cit decreased glucose in layer male chicks. It is 

thought the differences in results may be due to different 

strains of chicken used.  

 

 
Diagram 1. The effect of different doses of L-citrulline on 

body temperature of KUB chicks over two hours after oral 

administration. 

 
Table 2. Effects of oral administration of different doses 

of L-citrulline on plasma metabolites in KUB chicks 

 Parameters 
L-citrulline (mmol) 

0 3.75 7.5 15  

Glucose (mg/dl) 237±20 229±14 261±8 226±18 

Total cholesterol 

(mg/dl) 

161±12 187±27 177±25 179±21 

Triacylglycerol (mg/dl)  80±20 49±9 91±25 51±8 

Values are expressed as mean ± SEM. 

 

Heat stress affects plasma metabolites in poultry 

(Xie et al., 2015). An increase in plasma cholesterol 

indicates that chick has undergone heat stress (Olanrewaju 

et al., 2010). According to Altan et al. (2000), cholesterol 

in the body can come from de novo biosynthesis. De novo 

cholesterol biosynthesis is largely influenced by the broiler 

stress level (Setyadi et al., 2013). Blood cholesterol levels 

in this study ranged from 161 to 187 mg/dl, whereas 

Basmacioglu and Ergul (2005) reported that serum 

cholesterol contents  of laying hens renged from 121to 142 

mg/dl)  
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The results obtained in the present study indicated 

that triacylglycerol ranged from 49-91 mg/dl.  When 

chickens are in a state of heat stress, plasma 

triacylglycerol levels drop (Sun et al., 2015).  

Environmental stress increases adrenocorticotropic 

hormone which stimulates the adrenal cortex to increase 

glucocorticoid secretion (von Borell and Ladewig, 1989). 

Blood glucose has a relationship with heat ambient 

temperature in poultry (Olanrewaju et al., 2010). 

Chowdhury et al. (2017) suggested that lower plasma 

glucose after oral administration of L-Cit may decrease the 

substrate for heat production and result in lower body 

temperature in chicks. Glucose in the blood serves as a 

buffer molecule for osmotic pressure thus normal osmotic 

pressure can be maintained even in a state of dehydration 

and heat stress (Guay et al., 2007) to maintain blood 

pressure and cardiovascular rhythms (Tan et al., 2010). In 

this study glucose concentration in chickens’ blood ranged 

from 226-261 mg/dl. This range is included in the normal 

glucose levels, which indicates the chickens did not 

experience heat stress. Normal range glucose 

concentration in broiler blood is 230 - 370 mg/dl 

(Sulistyoningsih, 2004).  

 

CONCLUSION 

 

L-citrulline could not able to improve feed intake and 

affect on body temperature in KUB chickens. No 

significant changes in plasma glucose, total cholesterol 

and triacylglycerol were detected in the current 

study,indicating the oral administration of L-citrulline may 

not affect the metabolism of these components in KUB 

chicks. 
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ABSTRACT 
The present study was conducted to determine the effects of the diet supplementation of laying hens with Cordyceps 

Militaris Polysaccharide (CMP) on egg production and quality, and also caecal microbiota. A total of 360 Hy-Line 

Brown laying hens with 72-week-old were divided into three groups with four replicates of 30 birds each. The laying 

hens were fed with basal diet (control group), basal diet +100 mg CMP/kg (group 1) and basal diet + 200 mg CMP/kg 

(group 2). The experiment lasted 45 days. Eggs were collected daily and caecal samples were collected at the end of 

the experiment. Results showed that dietary supplementation with CMP did not affect albumen height, shape index, 

Haugh units, eggshell breaking strength and eggshell thickness. The laying rate significantly increased and the feed-

egg ratio decreased in groups 1 and 2, the average daily egg weight significantly increased in group 2 compared with 

those in the control group. However, insignificant differences were found in broken egg rate and mortality among the 

three groups. The differences in caecal microbiota between group one and the control group were significant. The 

relative abundance of Firmicutes, Bacteroidetes and Proteobacteria at the phylum level, Christensenellaceae and 

Veillonellaceae at the family level, and the no rank_ Ruminococcaceae, Phascolarctobacterium and no rank 

Christensenellaceae at the genus level changed significantly in group one compared with those in the control group. 

In conclusion, dietary supplementation with 100 and 200 mg CMP/kg could improve product performance and affect 

the caecal microbial community structure of laying hens during the late laying period. 
 

Key words: Cordyceps militaris polysaccharide, Egg production, Egg quality, Gut microbiome, Hens 
 

 

INTRODUCTION 
 

Antibiotics, a feed additive to improve animal production 

performance and disease resistance, are widely used in 

animal production. However, abuse of antibiotics during 

feeding had led to drug resistance of pathogens, which led 

to an imbalance in the intestinal flora of livestock and 

poultry (Chang et al., 2015). Antibiotics residues in 

livestock products and caused environmental pollution 

(Martinez, 2009). The researchers were therefore trying to 

find better antibiotic alternatives for laying hens. 

Cordyceps Militaris Polysaccharide (CMP), one of 

the most important active substances from C. militaris, 

was composed of mannose, cordycepin, adenosine, 

arabinose, and fucose. CMPs extracted from C. militaris 

and C. sinensis had the same effect, and C. sinensis was 

rare, so Cordyceps polysaccharide was often extracted 

from C. militaris (Das et al., 2010). Studies had shown that 

Cordyceps polysaccharides had some positive effects on 

improving immunity, reducing blood lipids and protecting 

the liver and the kidney (Cheung, et al., 2009; Lee, et al., 

2010a; Shin, et al., 2010). Cordyceps polysaccharides, as a 

feed additive had received wide attention in Asia due to 

their diverse functions in the livestock industry. For 

example, Cordyceps polysaccharides could promote the 

early growth of chickens, increase the feed conversion 

ratio and enhance the daily growth gain of broilers (Han et 

al., 2015). C. militaris waster medium increased the egg 

production rate and decreased the feed- egg ratio (F/G) 

(Wang et al., 2015). Hot-water extract from the mycelia of 

C. sinensis maintained the better microbial flora from the 

intestines of chickens and improved the growth 

performance and health index of chickens (Koh et al., 

2003). 

Microbial communities in the intestine played a 
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crucial role in the health and function of hosts. Animal 

intestinal flora was a complex and diverse system and 

could easily be influenced by many factors, such as 

environment, age, nutrition, feed additive and hygiene 

level. Nutritional differences were the main cause of the 

overall variations, suggesting that food components could 

influence the composition and diversity of the intestinal 

flora (Zhang et al., 2010). Chicken egg production and 

quality generally decreased with age, reducing the 

agricultural profits of poultry farmers. It was therefore 

important to keep the egg production at a high level. There 

had been few reports on the effects of CMP as a feed 

additive on poultry nutrition, particularly on the intestinal 

flora in the late laying period. Hence, this study was 

conducted to determine the effects  of CMP 

supplementation on egg production and quality, and also 

caecal microbiota during the late laying period of chickens 

and to provide valuable information on the use of CMP as 

feed additives. 

 

MATERIALS AND METHODS 

 

Ethical approval  

This research did not involve the introduction of any 

intervention on hens. The data collcetion was obtained 

with humanly handled, which according of animal care 

and welfare standard of The People's Republic of China. 

Animal experimentation procedures were approved by the 

Institutional Animal Care and Use Committee of Henan 

University of Science and Technology, Luoyang, China. 

 

Preparation of Cordyceps militaris polysaccharide 

Freeze-dried C. militaris polysaccharide was 

purchased from Yangshao Biology and Chemical 

Engineering Company, Mianchi City, Henan Province, 

China. 

 

Laying hens, diets and experimental design 

A total of 360 Hy-Line Brown laying hens at 72-

week of age were assigned to three groups with four 

replicates of 30 hens in each group. The hens were housed 

in 120 cages sized 64 cm ×35 cm ×35 cm (three hens 

each) During the experiment, the hens were free to obtain 

feed and water and were exposed to a light dark cycle of 

16 hours: 8 hours. The average room temperature was 20 ± 

3°C. Before the experiment started, there was no 

differences in the egg production rate between the three 

groups. The laying hens were fed basal diet (control 

group), and basal diet + 100 mg /kg CMP (group 1) and 

basal diet + 200 mg/kg CMP (group 2). The entire process 

included a 7-day pre-experiment and a 45-day formal 

experiment. The diets consisted of corn-based basal 

rations formulated according to the Management Guide of 

National Research Council (NRC, 1994) to meet the 

nutritional requirements of laying hens.  Composition of 

basal feed and nutrients content in proximate analysis 

were showed in Table 1. 

 

Table 1. Composition and nutrients content of basal feed    

Feedstuffs ingredients Percentage (%) 

Corn grain 64.50 

Soybean meal 13.00 

Rapeseed meal                                                                                4.00 

Limestone 8.00 

Premix1 5.00 

Wheat bran 5.00 

Soybean oil 0.50 

Total 100 

Analyzed nutrient composition Content 

Dry matter (%) 88.89 

Ash (%) 13.87 

Crude Fiber (%) 4.17 

Crude Protein (%) 19.90 

Crude Fat (%) 4.59 

Gross Energy (MJ/ kg) 16.58 

Metabolizable Energy2 (MJ/ kg) 11.61 
1 = Provide per kg of diet: vitamin A, 4000 IU; vitamin D3, 1200 IU; 

vitamin E, 6 mg; vitamin B1, 1.4 mg; vitamin B2, 3 mg; vitamin B6, 1.0 

mg; vitamin B12, 0.01 mg; pantothenic acid, 7.5 mg; choline chloride, 

500 mg; biotin, 0.15 mg; Ca,7500 mg; P, 3000 mg; Mn, 72 mg; Zn, 56 

mg; Fe, 60 mg; Cu, 25 mg; I, 0.50 mg; Se, 0.10 mg. 2 = Metabolizable 

energy was calculated from data provided by Feed Database in China 

2009. MJ/ kg = Mega Joule per kilogram 

 

Egg production 

During the experimental period, daily records of egg 

production, egg cracking, egg weight and mortality of 

hens and records of feed consumption were maintained. 

The Lay rate (including cracked eggs), average daily egg 

weight, cracked egg rate, and feed to egg ratio were 

analyzed. 

 

Egg quality 

Six saleable eggs (no shell defects or cracks) were 

randomly selected from each replication on day 45 and 

used to determine egg quality,  egg albumen height and 

Haugh units were determined with a digital egg tester 

(TSS, England, UK), eggshell breaking strength was 

identified with a strength instruction (In-spec 2200, 

Instron Corporation, Canton, Massachusetts, USA), egg 

shape index was assessed using the following formula 

including vertical diameter/transect diameter, egg diameter 
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was assessed with a vernier caliper and eggshell thickness 

was assessed with a Spiral range finder. 

 

Caecal microbiome 

Four hens were randomly selected from the control 

group and group 2 (one for each replication) and sacrificed 

on the 45th day. The caecum samples were collected 

aseptically from each bird, immediately stored at −80 °C 

and processed promptly. 

 

DNA extraction and PCR amplification 

According to the manufacturer's protocol, an 

E.Z.N.A.® soil DNA kit (Omega Bio-tek, Norcross, GA, 

USA) was used to extract microbial DNA from cecum 

samples. Final DNA concentration and purification were 

determined using a Nano Drop 2000 UV-vis 

spectrophotometer (Thermo Scientific, Wilmington, 

USA), and DNA quality was checked through 1% agarose 

gel electrophoresis. The hypervariable regions (variable 3- 

variable 4) of the bacterial 16S rRNA gene were amplified 

with the primers 341F (5ʹ-CCTAYGGGRBGCASCAG-3ʹ) 

and 806R (5ʹ-GGACTACNNGGGTATCTAAT-3ʹ) by 

using a thermocycler PCR system (GeneAmp 9700, ABI, 

USA). The PCR was conducted by denaturising at 95 

Centigrade (°C) for 5 minutes (min.), followed by 27 

cycles at 95 °C for 30 second (s), 55 °C for 30 s, 72 °C for 

45 s, and a final extension at 72 °C for 10 min. PCR was 

performed in triplicate with a 20 μL mixture containing 4 

μL of 5× FastPfu Buffer, 2 μL of 2.5 mM dNTPs, 0.8 μL 

of each primer (5 μM), 0.4 μL of FastPfu polymerase and 

10 ng of template DNA. PCR products were 

electrophoresed using a 2% agarose gel, purified using 

AxyPrep DNA gel extraction kit (Axygen Biosciences, 

Union City, CA, USA), and quantified using 

QuantiFluor™ -ST (Promega, USA) in accordance with 

the manufacturer’s protocol. 

 

Illumina MiSeq sequencing 

Purified amplificates were separated pooled in 

equimolar and paired-end sequenced (2×300) on an 

Illumina MiSeq platform (Illumina, San Diego, USA) 

according to the standard protocols of Majorbio Bio-

Pharm Technology Co., Ltd. (Shanghai, China). The raw 

data was stored into the NCB1Sequence Read Archive 

database (accession nos. SRP154946 and PRJNA555247).  

 

Sequencing data processing 

Trimmomatic were used to demultiplex and do 

quality-filter for the raw fastq files, then merged them by 

FLASH according to the following criteria. First, reads 

were truncated at any site receiving an average quality 

score of < 20 over a 50 bp sliding window; then, primers 

were exactly matched, allowing two nucleotide 

mismatching, and the reads containing ambiguous bases 

were removed; eventually, sequences with overlaps longer 

than 10 bp were merged on the basis of their overlap 

sequence. 

Using UPARSE version 7.1 the operational 

taxonomic units (OTUs) were clustered with a 97% 

similarity cut-off, the UCHIME were used to identify and 

remove chimeric sequences. RDP Classifier algorithm 

were used to analyse the taxonomy of each 16S rRNA 

gene sequence, which against the Silva (SSU123) 16S 

rRNA database with a confidence threshold of 70%. 

 

Data analysis 

Data were analyzed by one-way ANOVA using SPSS 

22.0 (SPSS Inc., Chicago, IL, USA). The significance of 

the mean differences between the groups was identified by 

a Tukey test. Data significance was determined at p ＜ 

0.05. Alpha diversity and dilution curve analyses consisted 

of community diversity (simpson and shannon), richness 

(sobs, chao and ace) were performed using mothur（a 16S 

rRNA clustering tool ） based on a single summary 

command. Beta diversity analysis was carried out to 

investigate the diversity between the samples. Principal 

component analysis (PCA) was conducted with mothur to 

describe the distances between the samples, and a 

permutative multivariate analysis of variance 

(PERMANOVA) was performed to analyze the 

significance of the OTU levels. Wilcoxon rank sum test 

was used to determine the significant differences in the 

relative abundance of bacteria at phylum and genus level 

between the CMP and the control group. 

 

RESULTS  

 

Egg production 

Table 2 shows the laying performance of hens. The 

egg production increased significantly and the feed-egg 

ratio decreased (p < 0.01) in groups 1 and 2 compared to 

those in the control group. The average daily egg weight 

increased significantly in group 2 (p < 0.05). However, 

insignificant differences in the cracked egg rate and 

mortality were found among the three groups (p > 0.05). 

The egg production in group 2 increased significantly 

compared to group 1 (p < 0.01).  

 

Egg quality 
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Table 3 shows the egg quality of hens. Insignificant 

differences were observed in the egg albumen height, the 

egg shape index, the Haugh units, eggshell breaking 

strength and eggshell thickness between three groups (p > 

0.05). 

 

Caecal microbiota 

A total of 380,227 DNA sequence read with an 

average length of 415 bp were generated from all of 

samples. The average number of sequence readings per 

sample was 47,528, with a minimum number of 35,454 

and a maximum number of 58,207. The sequences were 

further clustered into 749 OTUs by using a 97% similarity 

cut off. The sparse curve generated by the OTU shows that 

all samples achieved a high sampling coverage (~ 99%) 

(Figure 1). Table 4 shows the alpha diversity indices of 

caecal microbiota. The average values of ace, chao and 

sobs in the CMP group were significantly lower than those 

in the control group.  

The PCA on the OTU level showed the changes in 

the community structure (Figure 2). The microbial 

community of the CMP group was clearly separated from 

that of the control group. The results revealed a significant 

difference in the bacterial structure in the caecum between 

the CMP and control groups (PERMANOVA, p =0.026). 

Figure 3 and table 5 demonstrate the phylum 

distributions of the microbial composition. In the CMP 

group and the control group, the main flora were 

Firmicutes, Bacteroidetes and Proteobacteria. Firmicutes 

significantly decreased in the CMP group compared with 

that in the control group (p <0.05). In contrast, the 

proportions of Bacteroidetes in the CMP group increased 

compared to those in the control group (p < 0.05). The two 

phyla with a low relative abundance (Synergistetes and 

Elusimicrobia) decreased significantly in the CMP group 

compared to those in the control group (p < 0.05).  

The family distribution results of the microbial 

composition are shown in figure 4 and table 6. The main 

families of the CMP and control groups were 

Ruminococcaceae, Bacteroidales and Lachnospiraceae. 

Among them, Ruminococcaceae was the most abundant. 

The two families with a low relative abundance 

(Veillonellaceae and Christensenellaceae) decreased 

significantly in the CMP group compared to those in the 

control group (p < 0.05).  

The microbial composition was also comparable at 

the genus level (Figure 5 and table 7). The main genera of 

the CMP and control groups were norank Bacteroidales, 

norank Ruminococcaceae, Bacterorides Bacteroidaceae 

and Oscillospira. Among these genera, the relative 

abundance of norank Ruminococcaceae decreased 

significantly in the CMP group compared to those in the 

control group (p < 0.05). The two genera with a low 

relative abundance (Phascolarctobacterium and norank_ 

Christensenellaceae) decreased significantly in the CMP 

group compared to those in the control group (p < 0.05).  

 

 

Table 2. Effects of Cordyceps militaris polysaccharide on laying performance in 72-week-old laying hen at Louyang,China. 

                                                                  Treatment Groups 

Items 1 
Control Group 1 Group 2 SEM2 P value 

Egg production (%) 79.95c 83.26b 85.55a 0.508 <0.01 

Cracked egg rate (%) 0.26 0.39 0.22 0.084 0.45 

Average daily egg weight (g) 64.14b 64.97ab 65.62a 0.221 0.02 

Feed to egg ratio 2.17a 1.96b 1.98b 0.023 <0.01 

Mortality (%) 4.17 3.33 4.17 0.804 0.71 
1 Control, Group 1, Group 2 with 0, 100, 200 mg CMP/kg, respectively; 2 SEM= pooled standard error of mean. a,b = Means not sharing the same superscripts 

in a row differ significantly (p < 0.05). 

 

 

Table 3. Effects of Cordyceps Polysaccharide on egg quality in 72-week-old laying hen at Louyang, China. 

                                                                  Treatment Groups 

Items 1 
Control Group 1 Group 2 SEM2 P value 

Egg shape index 1.25 1.35 1.30 0.024 0.21 

Eggshell thickness (mm) 0.35 0.34 0.31 0.012 0.28 

Eggshell breaking strength (kg/cm2)3 2.48 3.37 3.61 0.361 0.46 

Albumen height (mm) 5.41 5.43 5.34 0.282 0.49 

Haugh unit 70.24 70.43 71.56 2.016 0.86 

1Control, Group 1, Group 2 with 0, 100, 200mgCMP/kg, respectively; 2SEM= pooled standard error of mean. 3kg/cm2= Kilogram per square centimetre 
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Table 4. Alpha Indices data of caecum samples in 72-week-old laying hen at Louyang,China. 

Estimators CON-Mean1 CON-Sd2 CMP-Mean CMP-Sd P Value 

Ace 710.73 15.594 629.72 42.39 0.012 

Chao 712.82 12.958 638.82 45.648 0.021 

Coverage 0.99834 0.0007961 0.9979 0.00093558 0.502 

Shannon 5.1584 0.080538 4.9022 0.25779 0.107 

Simpson 0.011827 0.0018573 0.017143 0.0077245 0.230 

Sobs 664.75 27.244 577.5 49.89 0.022 
1Mean= the mean number; 2Sd = the standard deviation; CON = control group; CMP = Cordyceps Militaris Polysaccharide  

 

 
Figure 1. Rarefaction curves of samples (n=8) clustered at 97% sequences identity. OTU= Operational Taxonomic Unit; 

CON= control group; CMP= Cordyceps Militaris Polysaccharide. 
 

 

 
Figure 2. Principal Component Analysis (PCA) of the community membership using Bray-Curtis distance. CON = control 

group; CMP= Cordyceps Militaris Polysaccharide. The abscissa and ordinate represent the two selected principal components, 

and the percentage represents the contribution of the principal component to the difference in sample composition. Points of 
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different colors and shapes represent samples of different groups, and the closer the two sample points are, the more similar 

the composition of the two samples species is. 

 
Figure 3. Welch’s t-test bar plot on Phylum level. CON = control group; CMP = Cordyceps Militaris Polysaccharide. The 

ordinate (left) represents the phyla name and the ordinate (right) represents the P -Value. 
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Figure 4. Welch’s t-test bar plot on Family level. CON= control group; CMP = Cordyceps Militaris Polysaccharide. The 

ordinate (left) represents the family name and the ordinate (right) represents the p-Value. 

 
Figure 5. Welch’s t-test bar plot on Genus level. CON= control group; CMP = Cordyceps Militaris Polysaccharide. The 

ordinate (left) represents the genus name and the ordinate (right) represents the p-Value. 

 
Table 5. Wilcoxon rank sum test data on Phylum level (cut off at 1%). 

Species name CMP-Mean1 (%) CMP-Sd2 (%) CON-Mean (%) CON-Sd (%) P value 

Firmicutes 41.61 6.022 56.65 4.489 0.032 

Bacteroidetes 46.57 6.96 33.66 1.768 0.030 

Proteobacteria 2.339 1.855 1.952 0.7248 1.000 

Fusobacteria 2.827 3.139 0.1601 0.06761 0.312 

Spirochaetes 1.559 0.7397 0.9031 0.3315 0.312 
1Mean = the percentage of the mean number of Phylum; 2Sd = the percentage of standard deviation of Phylum number; CON = control group; CMP = 
Cordyceps Militaris Polysaccharide. 

 
 

Table 6. Wilcoxon rank sum test data on Family level (cutoff at 1%). 

Species name CMP-Mean1 (%) CMP-Sd2 (%) CON-Mean (%) CON-Sd (%) P value 

Ruminococcaceae 20.74 4.057 28.08 3.225 0.060 

Bacteroidales 14.81 8.024 10.07 0.7542 0.470 

Lachnospiraceae 7.763 1.558 8.253 1.746 0.665 

norank_o__Clostridiales 4.45 0.5395 4.818 0.5201 0.470 

Veillonellaceae 1.784 0.9881 4.831 1.653 0.030 

Christensenellaceae 1.832 0.9219 3.735 0.4204 0.039 

unclassified_o__Clostridiales 2.329 0.9786 2.805 0.3763 0.312 

Porphyromonadaceae 1.769 1.058 2.084 0.2 0.665 

Fusobacteriaceae 2.827 3.139 0.1601 0.0676 0.312 

Paraprevotellaceae 1.233 0.8325 1.478 0.4542 0.470 

Rikenellaceae 1.433 0.7874 1.072 0.1486 0.470 

Spirochaetaceae 1.559 0.7397 0.9031 0.3315 0.312 

norank_p__WPS-2 0.6253 0.6725 1.501 0.2236 0.193 
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Lactobacillaceae 0.7092 0.5013 1.071 0.2273 0.312 
1Mean = the percentage of the mean number of Family; 2Sd = the percentage of standard deviation of Family number; CON = control group; CMP = 

Cordyceps Militaris Polysaccharide.  

Table7. Wilcoxon rank sum test data on Genus level (cutoff at 1%). 

Species name CMP-Mean1 (%) CMP-Sd2 (%) CON-Mean (%) CON-Sd (%) P value 

norank_o__Bacteroidales 20.05 6.837 14.82 0.3941 0.312 

norank_f__Ruminococcaceae 9.476 1.981 14.35 0.838 0.040 

Bacterorides_f__Bacteroidaceae 13.59 7.388 9.351 0.7964 0.665 

Oscillospira 4.879 1.219 5.884 0.8032 0.470 

norank_o__Clostridiales 4.45 0.5395 4.818 0.5201 0.470 

Ruminococcus 3.85 1.248 2.612 0.8816 0.193 

norank_f__Lachnospiraceae 2.534 0.9579 3.701 0.8048 0.112 

Phascolarctobacterium 1.611 0.8582 4.618 1.682 0.035 

Faecalibacterium 2.824 1.488 3.339 0.7728 0.885 

norank_f__Christensenellaceae 1.832 0.9219 3.735 0.4204 0.030 

unclassified_d__Unclassified 2.233 0.2937 2.405 0.9561 0.885 

unclassified_f__Ruminococcaceae 2.087 0.7055 2.294 0.6626 0.665 

Ruminococcus 1.447 0.7955 2.184 0.6644 0.112 

unclassified_f__Fusobacteriaceae 2.827 3.139 0.1601 0.0676 0.312 

Parabacteroides 1.501 0.8043 1.349 0.1146 1.000 

norank_f__Rikenellaceae 1.432 0.7874 1.071 0.1485 0.470 

Treponema 1.559 0.7397 0.9031 0.3315 0.312 

norank_f__Paraprevotellaceae 1.122 0.7804 1.197 0.3533 0.470 

unclassified_f__Lachnospiraceae 0.8786 0.1701 1.352 0.2803 0.061 

norank_p__WPS-2 0.6253 0.6725 1.501 0.2236 0.194 

unclassified_f__Bacteroidaceae 

_o__Bacteroidales 1.219 0.7175 0.7158 0.132 0.312 

Lactobacillus 0.7086 0.5018 1.07 0.2276 0.312 
1Mean = the percentage of the mean number of Genus; 2Sd = the percentage of standard deviation of Genus number; CON = control group; CMP = Cordyceps 

Militaris Polysaccharide. 

 

DISCUSSION 

 

Effects of CMP on egg production and egg quality 

It has been clinically confirmed that C. militaries had 

several functions, such as antitumor, anti-inflammatory 

and antioxidant effects (Chen, et al., 2010; Lee, et al., 

2010b; Li, et al., 2015). Cordyceps polysaccharide isolated 

from C. militaries could suppress a cyclophosphamide-

induced immune response to improve lymphocyte and 

macrophage activities, increased superoxide dismutase, 

catalase and glutathione peroxidase levels and reduced 

malondialdehyde content in the blood in mice (Wang, et 

al., 2012). However, information on the impact of CMP 

supplementation on laying hens is limited. Researchers 

emphasized that feeding laying hens with C. militaries 

waster medium decreased significantly feed conversion 

ratio (FCR) and increased egg production. They also 

showed that ascorbic acid and C. militaries waster 

mediuman have approximately the same reducing power 

(Wang et al., 2015 ) Cifticiet al. indicated that ascorbic 

acid can partially inhibit adverse oxidative protein 

denaturation and improve nutrient digestibility and FCR 

(Ciftici,et al.,2005). As such, the feed-egg ratio of the hens 

receiving the added CMP in the present study was likely to 

decrease and egg production to increased.  

Eggshell thickness, eggshell strength, Haugh unit and 

egg shape index were important indicators for egg quality 

measurement, and these parameters were related to the 

shelling rate and freshness of eggs. In the present study, 

the differences in the egg quality between the three groups 

were insignificant. Similarly, scholars observed that 

supplementing a diet with C. militaries waster medium did 

not improve eggshell thickness and egg shell strength 

(Wang et al., 2015). 

 

Effects of CMP on ceacal microbiota 

Chicken intestinal microflora had a positive effect on 

food intake and the immune system (Shang et al., 2018b). 

Studies had shown that a well-functioning caecum could 

cover 10% of the body’s energy needs (Hegde, et al., 

1982; Józefiak, et al., 2004). 

Our study determined the alpha diversity of microbial 

communities by measuring Sobs, Shannon’s, Simpson’s, 

Ace and Chao indices. Shannon’s and Simpson’s indices 

represent the degree of differences in the frequencies of 

different taxa (diversity), while Sobs, Chao and Ace 

indices reflect the number of different taxa present in the 
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sample (richness). The present study showed the 

significant differences in the caecal microbial density 

between the CMP and control groups. Consistent with 

previous findings (Bederska-ojewska et al., 2017), our 

results revealed significantly lower averages for microbial 

diversity and richness in the CMP group compared to 

those in the control group. Scientists found that the 

addition of cordycepin had an antimicrobial function 

similar to tetracycline and chloramphenicol (Ahn et al., 

2000). These results indicated that CMP supplementation 

appeared to reduce the bacterial species in the caecal 

intestine of chicken. Further studies were needed to 

investigate the specific mode of action of CMP. 

At the phylum level, differences in microbial 

structures could mostly be attributed to changes in the 

microbiome in Firmicutes, Bacteroidetes, Synergistetes 

and Elusimicrobia in the CMP group. In accordance with a 

previous research (Pan and Yu, 2014), the present study 

also found that Firmicutes, Bacteroidetes and 

Proteobacteria accounted for more than 90% in the 

chicken caecal microflora. The relative abundance of 

Bacteroidetes in the CMP group was higher than in the 

control group, while the Firmicutes content decreased 

significantly. Bacteroides could digest complex 

carbohydrates and maintain an intestinal micro-ecological 

balance (Józefiak et al., 2004; Sears 2005). Bacteroides 

could promote the development of the immune system 

(Spence et al., 2006). Bacteroidetes was related to the 

development of interleukin-17-producing T-helper cells 

(Mazmanian et al., 2005). Some studies have shown that 

with the increase of body mass index (BMI), the content of 

a increases gradually, while the content of B decreases 

(Koliada et al., 2017). Some studies had found differences 

between infants, adults and the elderly in relation to the 

Firmicutes to Bacteroidetes ratio. Among them, adults had 

the highest value (Mariat et al., 2009). Therefore, our 

results might had a positive effect on the health and fat 

accumulation of hens during the late laying period. In the 

present study, we also observed significant differences in 

the relative abundance of Synergist and Elusimicrobia 

between the CMP and control groups, but the functions of 

these phyla were unclear and should be investigated 

further. 

At the family level, the relative abundance of 

Veillonellaceae and Christensenellaceae decreased 

significantly in the CMP group, but was low in our 

experimental hens. Christensenellaceae belongs to the 

order of the Clostridiales within the Clostridia class of 

Firmicutes (Morotomi et al., 2012) and had emerged as the 

intestinal flora component, which the abundance was most 

influenced by host genetics (Goodrich et al., 2014). 

Christensenellaceae might be a symbol of the ecosystem 

of long-lived people (Biagi et al., 2016), Goodrich et al 

reported the relationship between Christensenellaceae and 

the weight of humans and mice, that reduced the degree of 

receptor weight gain (Goodrich et al., 2014). Similarly, in 

the addition of a Christensella strain in a mouse model, 

reduced the degree of receptor weight gain (Fischbach and 

Segre, 2016). The colonisation of Campylobacter jejuni, a 

foodborne zoonotic pathogen, could increase the relative 

abundance of Christensenellaceae in a chicken intestine 

(Alexandre et al., 2015). However, the role of this new 

family in chicken intestine health was unknown. 

Veillonellaceae had an excellent ability to ferment lactic 

acid; it was known as a short-chain fatty acid acetate and 

propionate producer (Lecomte et al., 2015). Other studies 

had shown that the number of families defined as the 

chicken’s core microbiome might increase or decrease, but 

families such as Veilonellaceae had been reported 

common members of the chicken (Qu et al., 2008; 

Callaway et al., 2009; Filip, et al., 2011). Veillonelaceae 

had a similar effect on Campylobacteraceae, so 

Veillonelaceae could reduce the colonisation of 

Campylobacteraceae in the chicken intestines (Videnska et 

al., 2014). However, further studies were needed to 

investigate the function of Veillonellaceae in the chicken 

intestine. 

At the genus level, the main genera of the CMP and 

the control groups were norank Bacteroidales, norank 

Ruminococcaceae, Bacterorides_ Bacteroidaceae and 

Oscillospira. Scientists reported that the caecum of 

chickens consisted mainly of Costridia, followed by 

Lactobacillus and Ruminococcus (Gong et al., 2010). This 

change might be due to the addition of CMP in the diet. 

Other factors could also cause these changes. These 

factors include different types of chicken, age and 

environmental factors. For example, the abundance of 

Clostridium increased and the proportion of 

lactobacill1decreased as the chicken aged (Shang et al., 

2018a). Cage type could affect the composition of caecal 

microflora in laying hens (Filip et al., 2011). Genotype 

and gender might also affect changes in the intestinal 

microflora of chicken (Zhao et al., 2013). Norank_ 

Ruminococcaceae and norank_Christensenellaceae were 

unknown bacterial residents, and their relative abundance 

decreased significantly in the CMP group. Scienticts 

reported that the caecum was rich in unknown and 

unclassified bacterial residents (Stanley et al., 2013). The 

relative abundance of Phascolarctobacterium also 

decreased significantly in the CMP group compared to 
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those in the control group. The Phascolarctobacterium 

within the Sporomusa branch of the Clostridium/Bacillus 

subphylum of Gram-positive bacteria and is a neighbor of 

Acidaminococcus fermentans (Del Dot et al., 1993). 

Phascolarctobacterium complements the lack of 

carbohydrate metabolism by increasing lipid metabolism 

with methylmalonyl-CoA mutase, and methylmalonyl-

CoA carboxyltransferase was the most abundant among 

proteins involved in lipid metabolism (Polansky et al., 

2015). However, evaluating the possible effect of the 

changes in these genera on the chicken’s caecal microbial 

community was difficult because of the lack of reports 

about Phascolarctobacterium in the health of chicken 

intestine. 

 

CONCLUSION 

 

Dietary supplementation with 100 and 200 mg CMP/kg 

can improve the laying rat and decrease feed to egg ratio 

significantly compared to those none-supplemented hens, 

respectively. Dietary supplementation with CMP could 

alter significantly the caecal microbiota composition with 

the changes in the phylum, family and genus levels. These 

findings provided insights into egg production of chickens 

and intestinal microbiota modulations in response to 

different CMP dosages and emphasise the requirement for 

further research to determine the effects of CMP on the 

chicken intestine microbiota and predict the response of 

the microbiota to these agents. 
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ABSTRACT 
The present study was carried out to compare the physicochemical characteristics of eggs of guinea fowl, turkeys and 

domestic chickens outdoor reared in traditional farms in Baghdad, Iraq.  A total of 166 fresh eggs; 32 eggs from 

guinea fowls (Numida meleagris), 44 eggs from turkeys (Meleagris gallopavo) and 90 eggs from domestic chickens; 

were collected. Egg weight, percentage of egg components, chemical composition (protein, lipids, and ash), and lipid 

profile were determined. Results revealed the significant differences in egg weight among studied birds. The average 

egg weights for guinea fowl, turkey, and indigenous chicken were 48.51 ± 0.72, 52.15 ± 0.74 and 61.24 ± 0.22 g, 

respectively. No significant differences were found in egg components and the chemical composition of the edible 

portions of the eggs among studied birds. However, the lipid profile of egg yolk indicated that egg cholesterol and 

LDL levels were significantly higher in guinea fowl and turkey compared with those in indigenous chickens, whereas 

native chicken has high values of HDL compared to guinea fowl and turkey. There were no significant differences in 

the triglyceride level in egg yolks among the studied fowls. In conclusion, although egg weight was significantly 

different among studied birds, eggs of guinea fowl, turkeys, and domestic chickens were similar in nutritional 

components. 
 

Key words: Chemical composition, Domestic chicken, Egg Components, Guinea fowl, Turkey. 
 

 

INTRODUCTION 
 

Poultry such as chickens, quails, turkeys, pheasant, 

ostriches, ducks, and geese are domesticated birds as a 

source of animal protein with high nutritional value for 

human diets (Al-Obaidi et al., 2019). Production and 

consumption of table eggs have risen in the last years, 

global demand for table eggs will reach more than 50 

million tons per year (Farrell, 2014; FAO, 2015; Farrell, 

2015; Al-Shadeedi et al., 2019).  Global egg production is 

increasing depending on global demand and is expected to 

increase in developing countries because it is easy to 

produce in a short time (USDA, 2016). 

The egg has an optimal composition of essential 

amino acids and the favorable composition of essential 

fatty acids, a high percentage of polyunsaturated fatty 

acids and a favorable ratio of omega 6 to omega 3 fatty 

acids which has benefits for human health (Lass and 

Belluzzi, 2019). World demand and utilization of fowl 

eggs (raw egg consumption and for processed egg) are 

increased due to high nutritional value and multifunctional 

properties of eggs (Stadelman and Cotterill, 1995; Pingel, 

2009; Al-Obaidi and Al-Shadeedi, 2016; Al-Shadeedi et 

al., 2019). 

Since 2003, a new trend in table egg consumption 

was appeared through introducing a new poultry species 

for egg and meat production including ostrich, pheasants, 

turkey, and guinea fowl (Al-Obaidi and Al-Shadeedi, 

2015; Al-Obaidi and Al-Shadeedi, 2017). Although 

chicken eggs are currently most commonly consumed by 

humans, the eggs from other birds are also used for daily 

consumption. For example, Japanese quail eggs are 

gaining popularity in Europe and America, and ostrich 

eggs in South Africa (Horanczuk et al., 2008).  

Turkey (Meleagris gallopavo), belonging to the 

family Phasianidae, has good production performance and 

is reared in many countries of the world (Igenbayev et al., 

2019). Guinea fowl (Numida meleagris) belongs to the 

Numididae family within the Galliformes order 

(Christopher, 2005). The peak of egg production of guinea 

fowl outdoor raised occurs in the rainy season (Konlan et 

al., 2011).  

Poultry egg widely diverges in shape, volume, 

weight and amount of yolk and albumen material due to 

genetic factors (species, breed, and strain) and 

environmental factors (nutrition, disease and season) 

(Romanoff and Romanoff, 1949; Stadelman and Cotterill, 
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1995; Konlan et al., 2011). Al-Obaidi and Al-Shadeedi 

(2015) found significant differences in the components of 

eggs from ostrich, emu, and domestic chicken. Although, 

ostrich and emu eggs are so similar to chicken eggs in the 

chemical composition. The aim of this study was to 

determine the weight, chemical composition and lipid 

profile of eggs from guinea fowl, turkey, and indigenous 

chicken outdoor reared in Baghdad. 

 

MATERIALS AND METHODS 

 

Ethical approval  

This study was in accordance with guidelines for the 

care and handling of animals described by the Iraq 

Association of Genetic and Environmental Resources 

Conservation (AGERC-Iraq) Committee, Ministry of 

Higher Education and Scientific Research, Iraq. 

 

Birds 

Guineafowl (Numida meleagris), turkey (Meleagris 

gallopavo) and indigenous chicken strain (Barred 

plumage), were used in this study. These fowls were 

outdoor reared in traditional farms in Baghdad city, Iraq 

from January 20 to December 7, 2019.    

  

Fowl nutrition 

All birds were fed in the morning with 50g/bird/day 

concentrated ration (Table 1). Also, birds had access to the 

outdoors and fed with grass.  

 

Table 1. Proximate analysis and percentage composition 

of the diet used for feeding birds. 

Ingredient (%) 

Corn 60.54   

Soybean meal 25.95  

Soybean oil 3.00  

Calcium carbonate 8.33  

Calcium phosphate 1.28  

Salt 0.30  

Mineral premix1 0.25 

Vitamin premix2 0.35  

Total 100.0  

Calculated proximate analysis  

Metabolic energy (kcal) 2857  

Crude protein (%) 17.00  

Lysine (%) 0.77  

Methionine (%) 0.30  

Methionine + cysteine (%) 0.59  

Calcium (%) 3.50  

Available phosphorus (%) 0.35  
1Vitamin premix contains vitamin A: 12,000 IU; vitamin D3: 2500 IU; 
vitamin E: 30 IU; vitamin K3: 2 mg; thiamine: 2.25 mg; riboflavin: 7.5 

mg; pyridoxine: 3.5 mg; cobalamin: 0.02 mg; niacin: 45 mg; D-

pantothenic acid: 12.5 mg; biotin: 0.125 mg; folic acid: 1.5 mg. 2Mineral 
premix contains zinc: 50ppm; copper: 12 ppm; iodine: 0.3 ppm; cobalt: 

0.2 ppm; iron: 100 ppm; selenium: 0.1 ppm.   

Egg collection 

 A total of 166 eggs of some native fowls, 32 eggs of 

guinea fowl, 44 eggs of turkey and 90 eggs of indigenous 

chicken freshly laid were collected.  

 

Egg components 

The percentage of egg components (yolk, albumen, 

and eggshell) was determined according to Stadelman and 

Cotterill (1995) as described by Al-Obaidi (2010). All 

eggs were weighted using a very sensitive digital balance 

(Sartorius, USA). Eggs were broken, the yolk and the 

albumen were separated and each weighted. Then, the 

percentage of each component was determined using the 

following equation: 

 

                                       Egg component weight (g)   

Egg component (%) = ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  ☓ 100 

                                           Total egg weight (g)   

 

Chemical analyses 

Protein and lipid composition were determined in 

albumen and yolk according to AOAC (1980). All 

measurements were performed in triplicate. Ash content 

was determined by thermal decomposition of the samples 

in a muffle furnace oven at 600 °C for 6 hours. Lipid 

content determination was conducted on yolk samples 

using the solvents of chloroform and methanol (1:1). The 

mixture of yolk sample and solvents were mixed for 20 

min using a magnetic stirrer, then the weight of extracted 

lipid in each sample was recorded and its percentage was 

calculated. The semi-micro Kjeldahl method was used for 

the determination of nitrogen and the obtained values 

multiplied by 6.25 to calculate protein percentage. 

Cholesterol was determined calorimetrically using 

ethanol extraction and ferric chloride-sulfuric acid 

detergent according to the method described by Al-Obaidi 

(1999). Low-Density Lipoprotein (LDL) and High-

Density Lipoprotein (HDL) were determined using 

EnzyChrom HDL and LDL Assay Kit (BioAssay Systems, 

USA). Triglycerides were eluted from yolk lipid using 

benzene and determined by silica gel column according to 

the methods described by AOAC (1980). 

 

Statistical analysis 

Data were analyzed using the general linear model 

procedure in SAS software (SAS Institute, USA). Means 

were compared by Duncan's multiple range test at 5% 

probability level (Steel and Torrie, 1980). 
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RESULTS  
 

The results indicated significant differences (p<0.05) in 

egg weight among studied fowls. Guinea fowl had an 

average egg weight of 48.51 g compared to 52.15 and 

61.24 g for turkey and indigenous chicken, respectively. 

There were no significant differences in the percentage of 

egg components among studied fowls, as shown in table 2. 

Also, the chemical composition of edible portions of eggs 

was not significantly different among studied birds (Table 

3). 

  The lipid profile of egg yolk of studied birds is 

presented in table 4. There were significant differences 

(p<0.05) in cholesterol and LDL levels, which were high 

in guinea fowl (26 and 48 mg/g, respectively) and turkey 

(23 and 46 mg/g, respectively) compared to native chicken 

(17 and 32 mg/g, respectively); whereas native chicken 

had high values of HDL (85 mg/g) compared to guinea 

fowl and turkey (73 and 70 mg/g, respectively). No 

significant differences were found in triglyceride levels 

among the studied birds.  

 

Table 2. Egg weight and percentage of egg components of guinea fowl, turkey, and domestic chicken reared outdoor in 

Baghdad, Iraq 

Bird species Egg weight (g) Eggshell (%) Yolk (%) Albumen (%) 

Guinea fowl 48.51 ±0.72b 10.35 ±0.30 31.15 ±0.52 57.76 ±0.72 

Turkey 52.15 ±0.74a 10.25 ±0.24 35.18 ±0.12 53.52 ±0.21 

Domestic chicken 61.24 ±0.22c 10.81 ±0.21 31.13 ±0.85 54.04 ±0.30 

Data are express as mean ±SE. Different superscript letters in a column indicate significant difference (p<0.05).  

 

Table 3. Chemical composition of eggs of guinea fowl, turkey and domestic chicken reared outdoor in Baghdad, Iraq 

 Fowl species Protein (%) Lipids (%) Ash (%) 

Yolk 

Guinea fowl 17.44 ±0.38 32.53 ±1.12 1.16 ±0.10 

Turkey 17.52 ±0.41 32.50 ±1.16 1.15 ±0.10 

Domestic chicken 17.48 ±0.39 32.38 ±1.13 1.16 ±0.11 

Significance NS NS NS 

Albumen 

Guinea fowl 11.66 ±0.21 - 1.10 ±0.10 

Turkey 11.75±0.24 - 1.11 ±0.10 

Domestic chicken 11.69 ±0.20 - 1.11 ±0.10 

Significance NS NS NS 
Data are express as mean ±SE.  NS: non-significant (p>0.05) 

 

Table 4. Lipid profile of egg yolk of guinea fowl, turkey, and domestic chicken reared outdoor in Baghdad, Iraq 

Fowl species 
Cholesterol 

(mg/g) 

HDL 

(mg/g) 

LDL 

(mg/g) 

Triglycerides 

(mg/g) 

Guinea fowl 26 ±1.33b 73 ±2.63a 48 ±1.72b 66 ±1.58 

Turkey 23 ±1.38a 70 ±2.68a 46 ±1.77a 64 ±1.58 

Domestic chicken 17 ±1.35b 85 ±2.72b 32 ±1.72b 69 ±1.58 

Data are express as mean ± SE. different superscript letters in a column indicate significant difference (p<0.05).  

 

DISCUSSION 

Outdoor rearing of fowls offer many benefits to the 

sustainable farm, in addition to supplying eggs and/or 

meat, it enhances soil fertility and control weeds and 

insects (Bare and Ziegler-Ulsh, 2012; Al-Obaidi and Al-

Shadeedi, 2018). 

In Iraq, many birds flocks such as guinea fowl, 

turkey, and domestic chickens are outdoor reared, free-

range or semi free-range, and may grow in low levels of 

nutrition and poor environmental condition during summer 

and winter. These variable conditions may affect 

components and chemical composition of eggs (Al-Obaidi, 

2017; Al-Shadeedi et al., 2019). Native studies revealed 

that significant species differences in blood serum enzyme 

activity during the year, which will affect egg size and 

components (Al-Obaidi and Al-Shadeedi, 2014). Egg 

weight is an expression of size, that is mainly influenced 

by fowl body size, evolutionary status, climate condition, 

and the amount of available food. Also, egg size differs 

among different species and between individuals within 

the same species (Stadelman and Cotterill, 1995; Downing 

and Taylor, 2010). The present study is in agreement with 



J. World Poult. Res., 10(1): 52-56, 2020 

 

55 

Al-Obaidi and Al-Shadeedi (2014), Romero and Remage-

Healey (2000) and Kordonowy et al. (2017) that reported 

the egg weight and chemical composition differ between 

fowl species.       

Fowl egg is one of the most complex and highly 

differentiated reproductive cells, which varies in size and 

shape depending on the type of species, breed and strain of 

birds (Romanoff and Romanoff, 1949; Stadelman and 

Cotterill, 1995; Al-Obaidi and Al-Shadeedi, 2014, 2016). 

Similarly, the current study indicated that egg of guinea 

fowl, turkey and chicken differed in size and weight. 

Fowl egg consists of approximately 10% shell, 58% 

white and 32% yolk (Stadelman and Cotterill, 1995; Matt 

et al., 2009; Al-Obaidi et al., 2019). The results obtained 

in the present study were similar to the mentioned values. 

Egg white is a viscous colorless liquid consists of 

water (88%), protein (10-12%) and some minerals. The 

amount of lipid in the egg white is trace (0.02%) compared 

with the amount present in the yolk. The yolk comprises 

48% water, 15-17% protein, 32-34% fat, and some 

minerals and vitamins. Yolk lipid content is composed of 

triacylglycerols (63.3%), phospholipids (29.7%) and total 

cholesterol (5.2%) (Stadelman and Cotterill, 1995; 

Marshall, 1960). The findings obtained in the current 

study are in agreement with the aforementioned reports. 

Cholesterol is the principal sterol synthesized by all kinds 

of animals and is important for cellular metabolism, cell 

membrane integrity, cellular proliferation, and steroid 

hormones synthesis (Brown, 2007). The high content of 

cholesterol in an egg is necessary to support the growth of 

the embryo. The high content of lipid fractions including 

cholesterol and LDL in guinea fowl and turkey eggs may 

be related to genetic variations between these birds 

compared to domestic chickens (Downing and Taylor, 

2010; Farell, 2015; Al-Obaidi and Al-Shadeedi, 2016; Al-

Shadeedi et al., 2019). 

 

CONCLUSION 

 

In conclusion, although egg weight in guinea fowl, 

turkeys, and native chickens was significantly different, 

nutritional components of eggs were similar among 

different birds. 
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ABSTRACT 
The current study was conducted to investigate the efficacy of Yucca extract (YE) on ammonia gas emission from 

litter, evaluate the production performance, carcass characteristics and economic utility in broiler rearing. A trial of 

240 day-old commercial broiler chicks was carried out on littered floor for a period of 28 days. The birds were 

allocated randomly to 3 treatments and a control group with three replications (20 birds/ replication). Feeding 

management and rearing condition were same for all the groups, as per standard. YE was mixed with drinking water 

as treatment as follows: 1ml YE per 16 liters of drinking water (T1), 1ml YE per 20 liters of drinking water (T2), 1ml 

YE per 24 liters of drinking water (T3) and no YE in drinking water i.e control group (T0). Ammonia level of Yucca 

treated groups were significantly (P<0.05) lower at the 4th week of rearing period than control group. A significant 

difference (P<0.05) was noted on body weight, feed consumption, body weight gain and feed conversion ratio value 

of the birds treated with YE. Carcass percentage and edible portion were significantly (P<0.05) greater in all 

treatment groups than control group. Profit per bird and Benefit cost ratio were also higher (P<0.05) in treatment 

groups than control group. Among the treatments, the performance of T2 group was better than other groups. This 

study concluded that application of YE (1ml/ 20 liters of drinking water) has an important role to reduce ammonia 
gas emission from broiler litter and increase the birds performance.  

Keywords: ammonia control, broiler chicken, litter management, Yucca schidigera 

 

INTRODUCTION 
 

Ammonia in broiler farm is a major concern of this 

modern poultry industry especially for tropical areas. In 

the case of poultry, about 50% of nitrogen (N) content of 

freshly excreted manure is in the form of uric acid and it 

can be very quickly transformed into ammonia (NH3) by 

hydrolysis, mineralization, and volatilization (Oenema et 

al., 2001). Factors that contribute to the formation of NH3 

include temperature, moisture, pH, and nitrogen content of 

the litter or manure. High temperatures increase bacterial 

activity and also ammonia production, with a 1 to 2°C rise 

having a huge effect on ammonia levels (Visek, 1968). 

Excess NH3 in broiler house is frequently claimed for 

growth retardation, poor feed utilization, increase 

susceptibility to diseases and increase subsequent 

mortality. Therefore exploring safe and effective ways that 

control NH3 level in broiler house and increase immunity 

has become a research priority (Su et al., 2016). 

Yucca schidigera (Agavaceae), commonly named 

yucca is documented as a source of sustenance and herbal 

drug by native Indians due to its health-promoting activity 

(Patel, 2012; Su et al., 2016). The main applications of 

Yucca powder and juice are in animal nutrition  to reduce 

fecal odors and ammonia, hydrogen sulfide and some 

other harmful volatile compounds in domestic animal 

excreta (Cheeke, 2000; Kelly and Kohler, 2003; Gaber, 

2006). The former fractions of Yucca Extract (YE) are 

steroidal saponins and polyphenols (Piacente et al., 2005). 

The steroidal saponin is the main chemical component of 

YE, which physically binds ammonia, reducing the level 

of free ammonia and plays significant role on the 

improvement of economic traits on broiler chickens 

(Nazeer et al., 2002). YE has positive effects on the 

growth rates, feed efficiency, and health in livestock 

(Colina and Chang, 2001; Duffy et al., 2001; Flaoyen et 

al., 2002; Kaya et al., 2003; Su et al., 2016; Rezaei et al., 

2017). 

In present study, the effects of 3 different 

concentrations of YE on ammonia gas emission, 

production performance and also carcass characteristics of 

broiler chickens were investigated with attention to 

economic utility. 
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MATERIALS AND METHODS 

 

Ethical approval 

The present study was was conducted according 

ethical rules approved by Sher-e-Bangla Agricultural 

University, Dhaka, Bangladesh. 

 

Experimental chicks, treatments and 

management 

A total of 240 day-old broiler chicks of “Cobb-500” 

strain with 43.2±0.3g average body weight were used in 

the current study. They were kept in electric brooders 

equally by maintaining standard brooding protocol. 

Among them, 180 chicks were distributed randomly in 

three treatments of Yucca extract providing with drinking 

water and remaining 60 chicks were distributed as control. 

Each treatment was divided into three replicates and in 

each replicate there were 20 birds. The Yucca treated 

groups were: 1ml YE per 16 liters of drinking water (T1), 

1ml YE per 20 liters of drinking water (T2), 1ml YE per 24 

liters of drinking water (T3) and the group without YE 

supplementation was control (T0).Throughout the period, 

the chicks were raised in an open-sided broiler house with 

rice husk-littered floor. Ad libitum feeds and water were 

provided for rapid growth of broiler chicks up to the end 

of the four weeks. Nutrient content and feed composition 

was indicated in table 1. The chicks were vaccinated with 

commercial Newcastle disease vaccine (NDV) and 

Infectious bronchitis (IB) vaccine through eye drops at 4 

days and 21 days. The Gumboro vaccines were given 

through drinking water at day- 9 and day-17 of the 

experiment respectively. 

 

Collection of ammonia test kit and experimental 

chemical (Yucca extract)  

 To assess ammonia, commercially available Micro 

Essential pHydrion
TM

 ammonia meter tester paper was 

collected. The paper was packaged as a 15 foot roll in a 

pocket sized plastic dispenser with a polypropylene case 

and it comes complete with a specially calibrated color 

chart for matching the ammonia level of the broiler farm. 

The experimental chemical, Yucca schidigera extract (No- 

Gas
TM

 ACI Animal Health) was purchased and it contains 

saponin steroids and glycocomponents. 

 

Data collection 

Body weight and feed intake were determined 

weekly. The average of the daily recorded ammonia 

emission was calculated. Feed conversion ratio (FCR) was 

calculated as the total feed Intake (FI) divided by weight 

gain in each replication. Carcass yield of bird was 

obtained from live weight subtracting blood, feathers, 

head, shank and inedible viscera. Mortality rate was 

maintained on a daily basis. Then total survivability of 

each treatment was calculated as percentage basis. 

 

Economic analysis  

The economic feasibility of Y. schidigera supple-

ment for broiler production was estimated on the basis of 

total expenditure and the return from the sale of live birds 

(Sahoo et al., 2015). The production cost was calculated 

by considering the expenses involved in chicks, feed, 

vaccine and medication, litter materials, disinfectant, 

electricity, labor and YE. Chicks, disinfectant, vaccine, 

medicine, litter materials, electricity and labor costs were 

considered as common costs for both the treated groups 

and control group. All expenses and income were 

calculated on the basis of market price (USD) at the time 

of experimental period. Return was calculated by selling 

the live birds per kg weight and profit was computed by 

subtracting the expenditure. Benefit Cost Ratio (BCR) was 

calculated by total income divided by total cost of 

production. Profit per bird (PPB) calculated by total 

income pee bird subtracting total expenditure per bird. 

 

Table 1. Ingredients and nutrient composition (as-dry 

matter) of basal diet  

Ingredients 
Composition (%, unless 

otherwise noted) 

Maize 45.5 

Soybean meal (CP 46%) 17.0 

Wheat flour 10.0 

Bread flour 5.00 

Rice bran 4.45 

Crude palm oil 3.50 

Corn gluten meal (CP 62%) 3.60 

Distiller dried grains (CP 27%) 3.00 

Meat bone meal (CP 49%) 2.80 

Chicken feather meal (CP 79%) 2.00 

Bone meal (CP 22%) 1.50 

Lysine 0.55 

Methionine 0.37 

L-threonine 0.08 

Salt 0.15 

Premix1 0.50 

Analysed composition  

Metabolizable energy (kcal/kg) 3,300 

Dry matter 89.6 

Crude protein 21.9 

Crude fat 6.40 

Crude fiber 5.62 

Ash 6.39 
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1Mineral-vitamin premix per kg of diet: Ca 2.250 g, P 0.625 g, Fe 3.570 

mg, Cu 0.640 mg, Mn 5.285 mg, Zn 0.003 mg, Co 0.001 mg, Se 0.013 

mg, I 0.016 mg, vit A 375 IU, vit D 150 IU and vit E 0.080 mg. 

Statistical Analysis 

Total data were compiled, tabulated and analyzed in 

accordance with the objectives of the study. The collected 

data was subjected to statistical analysis by applying one 

way ANOVA using Statistical Package for Social Sciences 

(SPSS- 16.0). Differences between means were tested 

using Duncan’s multiple range test and significance was 

set at P<0.05. 

 

RESULTS AND DISCUSSION 

 

Ammonia assessment   

The rate of NH3 emissions from broiler litter against 

the 28-days of rearing period at different concentration 

levels of yucca extract had shown in table 2. ANOVA 

analysis revealed that the average NH3 levels in treated 

groups and untreated group were insignificant (P>0.05) in 

1
st
 three weeks but it varied statistically (P<0.05) at 4

th
 

week of rearing period. The T1 reduced the rate of NH3 

emission to 1/2 of the untreated level, whereas the T2 

reduced this rate to 2/3
rd

 and T3 reduced 1/5
th

 of the 

untreated level. Cabuk et al. (2004)
 
also concluded that the 

supplementation of Yucca schidigera to the diet reduced 

NH3 concentration in broiler house. Chepete et al. (2012)
 

reported that when YE was applied to laying-hens, in diets 

significantly reduced NH3 emission by 44% and 28% for 

the first two days of manure storage. However, Corzo et 

al. (2007)
 
reported that the supplementation of 100 ppm of 

YSE and Quillaja saponaria was added in a corn-soybean 

control diet of broiler chicken, and NH3 emission was not 

altered compared with control. 

 

 

Table 2. Effects of Yucca extract on ammonia gas emissions of broiler litter 

Treatment First week Second week Third week Fourth week 

T0 8.37±0.98 10.23±1.50 14.97±3.79 25.87a ±0.73 

T1 6.87±0.27 8.33±0.91 9.67±0.84 11.87c ±0.37 

T2 7.10±0.30 8.43±0.58 10.37±1.02 15.13c ±1.57 

T3 7.33±0.21 9.37±1.49 11.53±0.54 20.17b ±1.53 

Here, T0 = (Control), T1= (1ml YE per 16L of drinking water), T2 = (1ml YE per 20L of drinking water), T3 = (1ml YE per 24L of drinking water); Different 

superscripts in a column means significant different (P<0.05). 

 

Growth performances 

 

Final Live weight  

The relative final live weight (g) of broiler chickens 

in the different groups T0, T1, T2 and T3 were presented in 

Table 3 and highest value was found in T2 (1632.03 g). 

Average final live of Yucca treated groups were about 100 

g more than the control group (1515.60 g) (P<0.05). 

Results also demonstrated that the body weights varied 

among the treatment groups (P<0.05). Previous 

researchers stated that the positive effects of dietary 

supplementation with Yucca products on the growth rates 

and body weights in different species (Cabuk et al., 2004; 

Sonia et al., 2005; Sahoo et al., 2015; Su et al., 2016 ; 

Ahmed, 2018). 

Feed intake  

Total feed intake (FI) of different treatment groups 

and control group have been cataloged in table 3. Result in 

total FI demonstrated that treatment groups showed 

significant (P<0.05) difference than control group. T2 

group consumed more feed (2308.63
 
g) and T0 (control) 

group consumed comparatively lower (2296.27 g), 

whereas T1 and T3 consumed 2306.80 g and 2306.40 g 

respectively. The result also presented that FI of the 1
st
 

two weeks (starter phase) significantly (P<0.05) greater in 

Yucca treated groups than control and a reversed trend 

was recorded at finishing stage (Table 5) that was 

contradictory to Cabuk et al. (2004) who reported that 

from 21 to 42 and 42nd day of age, the FC was not 

significantly different. As Yucca contains saponins that 

acts biological role as a membrane-permeabilising, 

immunostimulant and hypocholesterolaemic properties 

and it has found to have significant affect growth and FI in 

animals (Das et al., 2012). 

Feed conversion ratio 

There was significant difference (P<0.05) for FCR 

among the Yucca treated groups and control group (Table 

3). The better FCR value was found in T2 group (1.45), 

where control group performed poor (1.56). In 1
st
 two 

weeks there were insignificant (P>0.05) difference among 

the treated groups with control also, but at the last two 

weeks (3
rd

 and 4
th

) result revealed significant (P<0.05) 

difference. Lundeen, (2000), Sonia et al., (2005) and 

Sahoo et al., (2015) reported that the efficiency of feed 

utilization was significantly better in Yucca group which 

led to significantly (P<0.05) better FCR than control. The 
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broilers exposed to the low concentration of ammonia 

showed the highest feed efficiency (Shlomo, 2004; Miles 

et al., 2004) and the study agree with this result as YE 

affecting ammonia emission. 

Survivability 
There is not any significant difference among the 

groups in term of survivability (Table 3) and the reason 

might be proper biosecurity management. Some 

researchers reported that lower survivability percentage 

was recorded in the control group as compared to the 

treatment group (Aslan et al., 2005; Sahoo et al., 2015).  

Carcass characteristics 

Carcass characteristics of the birds had shown in 

table 4 and the result demonstrated that eviscerated weight 

percentage, breast meat and thigh yield were significantly 

higher in Yucca treated group (P<0.05) than the control 

group similar to Sahoo et al. (2015). Thus we also 

observed, overall yield of edible meat was significantly 

(P<0.05) higher in Yucca groups than the control group.  

Economics  

The result of economic analysis revealed that Yucca 

treated groups had significantly (P<0.05) better profit than 

control group (Table 5). Total expenditure per bird was 

slightly high in treated groups than control but was 

statistically insignificant (P>0.05). So it can be suggested 

that application of YE with drinking water may be cost-

effective management practice to improve shed environ-

ment and in turns performance of broiler chicks.  

 

 

 

Table 3. Effects of Yucca extract on production performances of broiler chickens. 

Treatment 
Final live weight 

(g/bird) 
Average BWG 

(g/bird) 
Total FI  

(g/bird) 
Final FCR 

Survivability 

(%) 

T0 1515.60c±2.47 1472.40c±2.46 2296.27b±3.73 1.56a±0.01 98.33±1.66 

T1 1621.87ab±9.76 1575.33ab±7.48 2306.80a±1.38 1.46b±0.07 100.00±0.00 

T2 1632.03a±3.40 1588.83a±3.40 2308.63a±1.02 1.45c±0.03 100.00±0.00 

T3 1607.87b±5.16 1564.67b±5.16 2306.40a±1.15 1.47b±0.03 100.00±0.00 
Here, T0 = (Control), T1= (1ml YE per 16L of drinking water), T2 = (1ml YE per 20L of drinking water), T3 = (1ml YE per 24L of drinking water), BWG: 
body weight gain, FI: feed cintake, FCR: feed conversion ratio. Different superscripts in a column means significant different (P<0.05). 

 

 
 

 

Table 4. Effects of Yucca extract on carcass characteristics of broiler chickens. 

Treatment 
*Eviscerated weight 

(%) 
*Giblet  

(%) 
**Breast meat  

(%) 
**Drumstick 

(%) 
*Edible  

(%) 

T0 59.83c±1.08 7.40a±0.57 33.75c±0.45 16.80±0.35 67.14c±0.32 

T1 65.82b±0.40 6.50ab±0.26 35.09bc±0.34 17.00±0.25 72.07b±0.34 

T2 68.39a±0.56 5.51b±0.28 37.14a±0.58 17.17±0.38 73.64a±0.33 

T3 67.05ab±0.70 6.11ab±0.46 35.67b±0.33 17.13±0.31 72.86ab±0.69 

Here, T0 = (Control), T1= (1ml Yucca extract per 16L of drinking water), T2 = (1ml Yucca extract per 20L of drinking water), T3 = (1ml Yucca extract per 

24L of drinking water), *percentage of body weight, **percentage of eviscerated weight. Different superscripts in a column means significant different 

(P<0.05). 

 

 

 

Table 5. Effects of Yucca extract on economic aspects of broiler chicken farming. 

Parameter 
Treatment 

T0 T1 T2 T3 

Feed cost (USD) per bird 1.16±0.29 1.17±0.28 1.18±0.21 1.17±0.42 

Cost of Yucca extract (USD) per bird 0 0.021 0.017 0.014 

Common expenditure (USD) per bird 0.81 0.82 0.81 0.82 

Total Expenditure (USD) per bird 1.98±0.30 2.01±0.43 2.01±0.22 1.99±0.27 

Receipt per bird when sold 

(1.55 USD/ Kg Live weight) 
2.35c±0.32 2.50b±1.2 2.53a±0.44 2.51b±0.67 

Profit per bird (USD) 0.39c±0.60 0.49ab±0.97 0.52a±0.66 0.48b±1.07 
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Benefit cost ratio 1.18b±0.03 1.24a±0.06 1.25a±0.03 1.24a±0.01 

Here, T0 = (Control), T1= (1ml YE per 16L of drinking water), T2 = (1ml YE per 20L of drinking water), T3 = (1ml YE per 24L of drinking water). Different 

superscripts in a column means significant different (P<0.05). 

 
 

 

CONCLUSION 

 

Analyzing the above research findings, this study 

suggested that the 1ml of Yucca schidigera plant extract 

with 20L of drinking water may be used to minimize the 

ammonia gas emission, for better production performance, 

to improve carcass quality and more economic benefit in 

broiler rearing. Yucca schidigera plant naturally not found 

in many areas of the world but the extract might be 

commercially available to other countries. The study 

therefore recommends for hematological parameters on 

birds immunity. Hence, it could be safely used in broiler 

rearing for higher economical return without any 

adversity. 
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ABSTRACT 
Chicken Anemia Virus (CAV) infects many bird species worldwide and causes immunosuppression. This condition 

can facilitate the infection of affected birds with other pathogens including bacteria, viruses, and fungi. No data were 

available on detection or isolation of CAV from birds in Iraq, therefore this study was designed to detect CAV 

antibodies in broilers and layers in some poultry farms. Accordingly, 200 samples were collected from broiler and 

layer farms (100 samples each) from different districts of Diyala province and subjected to the ELISA test. Also, 50 

tissue samples from embryonated eggs from different hatcheries, four commercial viral vaccines, and 30 ELISA 

positive samples were subjected to PCR assay to detect the CAV DNA. The results showed that all of broiler and 

layer farms sampled were serologically positive for CAV antibodies. The overall seropositivity for CAV antibodies 

for both chicken breeds was 51.5%. In broilers, 43 out of 100 serum samples were positive for CAV antibodies, 

whereas 60 out of 100 serum samples from layers were CAV antibody-positive. According to age groups, significant 

differences were observed among one-week-old broilers (30.2%) compared to other age groups. In layers, the age 

group of 30 weeks showed a seropositivity rate of 33.3%. Conventional PCR test indicated that all tissue samples 

collected from suspected birds and embryonated eggs were negative for CAV DNA, but only 2 out of 30 serum 

samples were PCR positive. It is concluded that CAV is endemic in poultry farms of Iraq and may facilitate the 

vaccination failure against other viruses.  
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INTRODUCTION 
 

Chicken Anemia Virus (CAV) infection is an important 

disease from economic and health points of view in the 

poultry industry worldwide (Bhatt et al., 2011; Padhy et 

al., 2015; Adedeji et al., 2016). The CAV is a single-

stranded circular negative sense DNA virus. It is the 

smallest among DNA viruses and classified within the 

genus Gyrovirus in the family Anelloviridae (Li et al., 

2017a; Rosario et al., 2017). The virus DNA encodes viral 

proteins of VP1, VP2, and VP3 (Ducatez et al., 2008). 

This virus causes chicken anemia or blue wing disease in 

many species of birds (Mariya, 2018). 

The CAV was first isolated from affected chicks in 

Japan in 1979, but Toro et al. (2006) by analyzing stock 

serums, reported that the virus has been circulated in the 

USA since 1959. Although the infection is contagious, 

most affected birds with CAV are aged 7 to 28 days, 

which shows atrophy of lymphoid tissues and severe 

anemia (Dhama et al., 2008). Birds infected with CAV are 

susceptible to infection with other pathogens as the virus 

causes immunosuppression and results in vaccination 

program failure (De Herdt et al., 2001; Hoerr, 2010; 

Rimondi et al., 2014). Mortality, secondary infections, and 

poor weight gain due to CAV infection lead to economic 

losses (Dhama et al., 2008). 

The causative agent of the disease can be transmitted 

by two modes (Miller et al., 2003; Brentano et al., 2005), 

vertical (Cardona et al., 2000a) or horizontal transmission 

through oral-fecal route and infected feather’s shaft 

(Davidson et al., 2008). Some studies have detected 

antibodies against CAV in specific-pathogen-free 

chickens, supporting the hypothesis of latent or persistent 

CAV infections. It is suggested that the virus persists in 

the reproductive system and it may be somehow 

reactivated (Cardona et al., 2000b; Miller and Schat 2004; 

Miller et al., 2008).  

In case of active infections, it is recommended to 

depend on clinical findings for CAV diagnosis. 
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Furthermore, this can be confirmed by many serological 

tests such as immunofluorescent antibody test, Enzyme-

Linked Immunosorbent Assay (ELISA)  and virus 

neutralization using reference serum (Todd et al., 2001),  

hemagglutination inhibition test, agar gel precipitation test 

(Kataria et al., 2013) and indirect immunofluorescent test 

(Oluwayelu et al., 2007) or by virus isolation using cell 

culture (Van Santen et al., 2001). Many molecular 

techniques such as Polymerase Chain Reaction (PCR), 

whole-genome sequencing, and restriction fragment length 

polymorphism are used for epidemiological studies or 

differentiation between virus isolates of CAV (Schat, 

2009; Manoharan et al., 2012; Rehman et al., 2018).  

In Iraq, no data were available on screening of 

chicken commercial farms for presence of CAV infection; 

there is only one report on CAV seropositivity in Japanese 

quails and local fowls (Al-Ajeeli et al., 2018). 

Accordingly, the present study aimed to investigate the 

presence of CAV antibodies in broiler and layer chickens 

and to detect CAV DNA in positive serum samples, 

embryonated eggs from different hatcheries, and some 

commercial viral vaccines. 

 

MATERIALS AND METHODS 
 

This study was conducted in virology and molecular 

biology laboratories of the College of Veterinary 

Medicine, University of Diyala, Iraq over the period from 

October 2017 to July 2018.  
 

Ethical approval 

Scientific ethical committee in the University of 

Diyala/ College of Veterinary Medicine, Iraq, approved 

the research and give the ethical number (Vet 24 Medicine 

November 2017 K, A and H). 
 

Serum samples 

A total of 200 blood samples were collected from 

five commercial broiler farms aged 1-5 weeks old (100 

samples) and four layer farms aged 8-30 weeks old (100 

samples) in different areas of Diyala province, Iraq. Blood 

sampling was performed by wing vein puncture using 

sterile syringes and vacuum blood collection tubes gel clot 

activator (UNIMEDIC, Iraq). Then sera were separated 

and placed in Eppendorf sterile tube, labeled and 

centrifuged at 1500 rpm for 5 minutes (Cold Eppendorf 

centrifuge. THERMO FISHER, USA). The supernatant 

was collected from each sample and transferred to another 

sterile Eppendorf tube and stored at -20 °C until used.  

 

Processing of samples for ELISA  

The sera (1:10 dilution) were tested using a 

commercial ELISA kit (IDEXX Lab, Germany). Optical 

density values were read at 650 nm using the ELX 800™ 

microplate reader (BIO-TEK Instruments, USA) and data 

were expressed as S/N ratio (sample to negative ratio). 

Samples with S/N > 0.60 were considered negative for 

CAV antibodies, whereas samples with S/N ≤ 0.60 were 

considered positive for CAV antibodies. 

 

PCR samples 

PCR samples included 50 embryonated hen eggs (10 

days old) collected from five different hatcheries in Diyala 

province, 30 CAV-ELISA positive serum samples 

randomly selected, and four available commercial viral 

vaccines against Newcastle disease, infectious bronchitis, 

and infectious bursal disease (Gumboro) (Table 1). These 

samples were subjected to DNA extraction before testing 

by PCR.  

 

DNA extraction 

DNA extraction was carried out using a DNA 

extraction kit (Genekam Biotechnology AG, Germany) 

according to the instructions of the manufacturer. 

 

Table 1. Commercial vaccine samples used for detection of chicken anemia virus by PCR assay. 

Vaccines Dose Country 

Nobilis® Gumboro D78 (live) 1000 Netherlands 

Nobilis® MA5 + CLONE 30 (live)  / against Massachusetts type of IB and ND 1000 Netherlands 

Nobilis® ND clone 30 (live) 1000 Netherlands 

Nobilis® IB 4-91  (live attenuated) 1000 Netherlands 

IB: Infectious bronchitis, ND: Newcastle disease 

 

PCR procedure 

To detect the presence of CAV DNA in the above-

mentioned samples, PCR kit (Genekam Biotechnology 

AG: Ref.K132, Germany) was used according to the 

manufacturer's instructions. This PCR commercial kit has 

been designed to produce a CAV DNA fragment of 675 
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base pairs (bp) from the gene responsible for VP1 

production (VP1 gene). 

The PCR thermal cycle included a heating step at 

94°C for 300 seconds,  and the amplification cycle that 

included denaturing step at 94°C for 60 seconds, annealing 

step at 50°C for 60 seconds, extension step at 72°C for 120 

seconds. This cycle was repeated 35 times and followed 

by a long extension step at 72°C for 600 seconds. The 

product was cooled to 4 °C and kept at -20 ºC until 

electrophoresed in 2% agarose gel in 1x TAE buffer along 

with molecular weight marker, stained with ethidium 

bromide (0.05µg/ml) and photographed.  

 

Statistical analysis 

The results were statistically analyzed using SPSS 

version 21. P-values less than 0.05 were considered 

significant. 

 

RESULTS 

 

Seropositivity rate of chicken anemia virus in 

broiler chickens 

The overall seropositivity rate for CAV in broilers 

was 43%. According to age groups, there were significant 

differences in seropositivity between groups of two weeks 

old (9.3%) and five weeks old (16.3%) with groups of one 

(30.2%), three (20.9%) and four weeks old (23.3%). The 

significant differences were observed in the number of 

seropositive samples to the number of seronegative 

samples of age groups of one, two and four weeks (Table 

2).  

 

Seropositivity rate of chicken anemia virus in 

layer chickens 

The overall seropositivity rate for CAV in layers was 

60%. The age group of 30 weeks old showed a 

seropositivity rate of 33.3%, followed by a seropositivity 

rate of 31.7%, 26.7% and 8.3% for the age groups of 28, 8 

and 10 weeks, respectively. Significant differences 

appeared between positive and negative serum samples of 

each age group. Also, significant differences appeared 

between the age group of 10 weeks and other age groups 

in both positive and negative serum samples (Table 3). 

 

Seropositivity rate for chicken anemia virus 

according to chicken breeds  
The results showed differences in seropositivity 

among both groups of chicken breeds (layers and broilers). 

In broilers, 43 (43%) samples were positive for CAV 

antibodies. In layers, 60 (60%) serum samples were 

positive for CAV antibodies. Significant differences were 

observed between the seropositivity of broilers' serum 

samples and that of layers' serum samples (Table 4).  

 

Table 2. Seropositivity rate for antibodies against chicken anemia virus in broiler chickens of different ages 

Age of birds 
No of CAV-ab  positive 

samples 

No of CAV-ab negative 

samples 
Total 

One week 13a 7b 20 

Two weeks 4b 16a 20 

Three weeks 9a 11a 20 

Four weeks 10a 10a 20 

Five weeks 7 b 13a 20 

Total 43 57 100 
Different superscript letters in a column indicate significant differences (p<0.05). CAV-ab: chicken anemia virus antibody, No: Number 

  

Table 3.  Seropositivity rate for antibodies against chicken anemia virus in layers chickens of different ages 

Age of birds 
No of CAV-ab  positive 

samples 

No of CAV-ab negative 

samples 
Total 

8 weeks 16a 9b 25 

10 weeks 5b 20a 25 

28 weeks 19a 6b 25 

30 weeks 20 a 5b 25 

Total 60 a 40b 100 
Different superscript letters in a column indicate significant differences (p<0.05). CAV-ab: chicken anemia virus antibody, No: Number 

 
Table 4. Seropositivity rate for antibodies against chicken anemia virus in layer and broiler chickens  

Age of birds 
No of CAV-ab  positive 

samples 

No of CAV-ab negative 

samples 
Total 

Broilers 43a 57 100  

Layers 60 b 40 100 
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Total 103 97 200 
Different superscript letters in a column indicate significant differences (p<0.05). CAV-ab: chicken anemia virus antibody, No: Number 
 

Level of chicken anemia virus antibodies  

The level of antibodies in broiler serum samples 

appeared high (H) in 13% of samples, medium (M) in 11% 

and low (L) in 19% of samples, whereas 57 (57%) samples 

were negative for CAV antibodies. In layers, 29% were H, 

19% samples were M, and 12% were L, whereas, 40% of 

samples were negative. There were significant differences 

among H level and L level of layers. The number of 

negative samples for CAV antibodies according to the S/N 

ratio was 97 samples (57 from broilers and 40 from 

layers). Significant differences (p˂0.05) appeared between 

the number of negative serum samples collected from 

broilers (57%) and negative serum samples collected from 

layers (40%). Significant differences were also observed 

in number of CAV-positive broiler serum samples of H 

(13), M (11), and L (19) S/N ratio with those of H (29), M 

(19), and L (12) S/N ratio in layers, respectively (Table 5).  

 

Detection of chicken anemia virus DNA by PCR 

assay 

All 50 tissue samples collected from embryonated 

eggs and four commercial virus vaccines were negative for 

CAV DNA using PCR test. Out of 30 tested sera, only two 

serum samples were positive for CAV DNA using PCR 

that resulted in a PCR fragment of 850 base pairs (Figure 

1).  

 

Table 5. Antibody levels to chicken anemia virus in different chicken breeds. 

Range  of S/N ratio Broilers Layers Total 

High (0.001 to 0.199) 13a 29b 42 

Medium  (0.200 to 0.399) 11a 19b 30 

Low  (0.400 to 0.599) 19b 12a 31 

Negative (0.600 and above) 57a 40b 97 

Total 100 100 200 

Different superscript letters in a column indicate significant differences (p<0.05). S/N ratio: Sample to Negative ratio 
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Figure 1. Results of CAV-ELISA positive serum samples subjected to PCR. Lane M (molecular weight markers), Lane 1 

(negative control), Lane 2 (positive control, 675 bp), Lanes 3, 4, 5, 9, 10, 11 and 12 (negative serum samples), Lanes 6 and 7 

(positive serum samples, 850 bp), Lane 13 (molecular weight markers). 
 

 

 

DISCUSSION 

 

Seropositivity rate of chicken anemia virus among 

broilers 

The present study showed an overall seropositivity 

rate of 43% for CAV antibodies in broilers from different 

farms of Diyala province. Similar findings were reported 

from the Central African Republic and Cameroon by 

Snoeck et al. (2012) who found that 147 out of 400 

(36.75%) chicken serum samples were positive for CAV 

antibodies. Furthermore, they found that the seropositivity 

of birds to CAV antibodies was different according to age 

groups and ranged from 25% to 50%, and most positive 

cases were reported in age groups of 4 to10 weeks old. In 

the present study, the majority of positive cases were in 

ages ranged from three to five weeks. Similar findings 

were reported in Malaysia (Oluwayelu et al., 2008), India 

(Bhatt et al., 2011) and China (Zhou et al., 1996). A 

seropositivity rate ranged from 66-100% was reported in 

Hungary by Drén et al. (1996). 

The low seropositivity rate of CAV antibodies 

obtained in the present study is in agreement with the 

speculation of De Herdt et al. (2001) who mentioned that a 

particular chicken flock might not show homogenous 

seropositivity rate because the number of positive cases 

for CAV antibodies increases with age. Similar findings in 

association of seropositivity rate with increasing age of 

birds were reported by Owoade et al. (2004) who 

mentioned 40% seropositivity rate for CAV antibodies 

among broilers in Nigeria aged 2-6 weeks. Seroprevalence 

more than that of the present study was reported in many 

other countries; 49% in Argentina (Craig et al., 2009), 

80% in Malaysia (Hailemariam et al., 2008) and 87% in 

China (Ducatez et al., 2008).  

In Iraq, there was no vaccination program against 

CAV for broilers, but it seems that CAV is widely 

distributed among broilers. The seropositivity rate of CAV 

in unvaccinated broilers was also documented by Bidin et 

al (2010) who reported a seropositivity rate of 94.7% for 

CAV antibodies when 54 out of 57 samples collected from 

breeders were positive for CAV antibodies using ELISA 

assay. The same authors found that 24 out of 90 (26.6%) 

serum samples collected from broilers were positive for 

CAV antibodies. The seropositivity rate in unvaccinated 

birds aged 4 weeks and above was attributed to horizontal 

transmission of CAV that may not lead to clinical cases 

(Bidin et al., 2010). Furthermore, it was suggested that 

immunization of broilers with infectious bursal disease 

and Marek’s disease viruses indirectly protect them from 

immune suppression observed in cases of CAV active 

infections (Bidin et al., 2010).  

 

Seropositivity rate of chicken anemia virus among 

layers  

In the present study, an overall seropositivity rate of 

60% for CAV in layers was found. Similar findings to the 

seropositive rate of CAV in layers were reported by 

Abdelfattah (2009) who mentioned a seropositivity rate of 

67.3% for CAV in layers in Sudan. Hadmili et al. (2008) 

reported a seroprevalence of 70.9% among layer groups in 

Turkey. The same authors found that 15 out of 16 layer 

groups were positive for CAV antibodies. In the present 

study, all layer farms tested were positive for CAV 

antibodies. Ballal et al. (2005) also reported that all tested 

layer groups in Sudan were positive for CAV antibodies. 

In the present study, the high seropositivity rate for CAV 

was detected in age groups of 28-30 weeks. This finding is 

consistent with previous findings that indicated an increase 

in seropositivity rate at older ages (Owoade et al., 2004; 

Sharma et al., 2014).  

 

Detection of the chicken anemia virus DNA  

PCR was used as a diagnostic tool for the detection 

of CAV in samples collected from birds suspected to be 

infected by the virus (Abo-Elkhair et al., 2014; Simeonov 

et al., 2014; Eskandarzade et al, 2015; Al-Kateb et al., 

2017). Hailemariam et al. (2008) found that 40-70% of 

tested chicken embryos were positive for CAV when 

tested by PCR. However, the results obtained in the 

present study indicated that all embryonated tissue 

samples were negative for CAV. It seemed that it was 

dependable on the source of egg supply. The five 

hatcheries sampled in the present study were received their 

fertile eggs from one source supplier.  

In the present study, the detection of CAV DNA in 

four commercial vaccines revealed that all used poultry 

commercial viral vaccines were negative for CAV. This 

finding is inconsistent with findings of Li et al. (2017b) 

who reported two batches of live viral vaccines were 

positive for CAV DNA in comparison to 12 negative 

batches of the vaccines in China, and also with findings of 

Varela et al. (2014) who found that 6 out of 32 tested live 
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viral vaccines were positive for CAV DNA and 1 out of 3 

inactivated viral vaccines were also positive for the virus 

using PCR. The negativity of PCR detection in 

commercial vaccines in this study may be attributed to the 

small size of sampling (only four vaccines) in addition to 

these samples were from one company. 

In the present study, CAV DNA was detected in 2 

out of 30 tested serum samples. This result is in agreement 

with the findings of Tham and Stanislawek (1992), who 

detected the CAV DNA in two serum samples out of 37 

PCR tested sera. This could be attributed to circulating 

CAV antibodies that might clear the virus from the blood 

circulation of infected birds and accordingly could not be 

detected by PCR. The PCR fragment that produced from 

two positive serum samples of present study was of 850 bp 

but the DNA fragment that should be detected by the PCR 

kit was assumed as 675 bp, and this difference in 

molecular weight of detected DNA fragment of present 

study and the assumed fragment's molecular weight of 

CAV DNA may be attributed to genetic variation among 

the locally detected CAV.  

 Many studies reported genetic variations among 

CAV isolates (Van Santen et al., 2007; Mohamed, 2010; 

Eltahir, et al., 2011; Hussein et al., 2016) that supports the 

finding of present study that the detected DNA PCR 

fragment of 850 bp rather than 675 bp of PCR kit might be 

attributed to genetic variation that allows the production of 

different DNA fragment size. 

Oluwayelu et al. (2008) reported genetic differences 

among Nigerian CAV isolates that grouped them into four 

clusters. Hailemariam et al. (2008) described genetic 

variation in Malaysian CAV isolates due to genetic 

substitutions in DNA nucleotide bases resulted in 

changing of amino acid positions of VP1 in amino acid 75, 

97,139 and 144 that led to group the isolates into two 

groups. Zhang et al. (2013) recorded strong evidence of 

genetic recombination in coding and non-coding regions 

of whole CAV genome in different Chinese isolates. 

 

CONCLUSIONS 

 

In conclusion, the detection of antibodies against chicken 

anemia virus in broilers and layers demonstrated that this 

virus widely distributes in poultry farms of Diyala 

province, Iraq. This condition requires restricted and 

effective control measures to avoid the possibility of 

complicated infections and vaccination failure as the virus 

causes immune suppression in infected birds.  
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ABSTRACT 
Infectious Bronchitis Virus (IBV) is a highly evolving virus that affects respiratory, urinary and reproductive systems. 

This virus is recognized as an important pathogen due to the continuous genesis of new variants that threaten the 

poultry industry worldwide. The aim of this study was to characterize emerging IBV variants originated from field 

outbreaks in Qena province, Egypt, and to study their genetic relationships with global strains. From September 2017 

to January 2019, 52 field samples were collected from broiler flocks suspected of being infected with IBV. The 

collected samples were inoculated into embryonated chicken eggs via allantoic route for virus isolation. The IBV 

presence was confirmed using real-time reverse transcriptase PCR (rRT-PCR) assay targeting nucleocapsid (N) gene 

and finally, nine samples were selected from 29 positive samples with rRT-PCR for further genetic characterization 

through full-length spike (S1) gene sequencing. Phylogenetic analyses indicated that one isolate 

(IBV/CK/EG/QENA-4/2017) clustered within genotype I lineage 16 (GI-16). On the other hand, the remaining eight 

isolates (2017-2018) belonged to genotype I lineage 23 (GI-23) and clustered separately in monophyletic clade. The 

isolates in this study were found to share only 74.6-82.1% amino acid identity with the commonly used vaccine 

strains in Egypt. In conclusion, findings of this study provide informative data on circulating IBVs in the study area 

and highlight the importance of adopting a convenient vaccination strategy that can be more efficient for controlling 

the emergence of new IBV variants. 
 

Key words: Full-length spike gene, GI-16, GI-23, Infectious bronchitis virus, Phylogenetic, RT-PCR. 
 

 

INTRODUCTION 
 

Avian infectious bronchitis (IB) is a highly contagious 

acute viral disease of chickens that is of great economic 

importance in the poultry industry. This disease is caused 

by Infectious Bronchitis Virus (IBV) and the upper 

respiratory tract is considered the main site for virus 

replication (Raj and Jones, 1997; Jackwood and de Wit, 

2013). However, some IBV strains have also a great 

affinity to replicate in the reproductive tract and the 

kidneys, as well as some other strains have been reported 

to replicate in other tissue such as proventriculus (Yu et 

al., 2001). 

IBV is a member of genus Gammacoronavirus 

within family Coronaviridae. The virus has a positive 

sense, enveloped, single-stranded and non-segmented 

RNA genome (Boursnell et al., 1987; Cavanagh, 2007), 

consisting of regions that code for four structural proteins 

including the nucleocapsid protein (N), the membrane 

glycoprotein (M), the envelope protein (E), and the spike 

glycoprotein (S). It also includes regions 1a and 1ab 

expressing the replicase gene, in addition to that it 

comprises several accessory regions (Spaan et al., 1988; 

Masters, 2006; Jackwood and de Wit, 2013). The N gene 

is highly conserved even among IBV isolates of different 

serotypes, therefore, it is often chosen as the target gene 

for virus detection by real-time reverse transcriptase PCR 

(rRT-PCR) assay (Meir et al., 2010; Bande et al., 2016).  

After translation, the S glycoprotein is cleaved into 

two subunits, S1 and S2 (Perlman and Netland, 2009). The 

S1 subunit encloses not only in the infectivity of the virus 

but also contains virus neutralization and serotype-specific 

epitopes which are located in three different Hyper 

Variable Regions (HVRs). These epitopes are responsible 

for the induction of neutralizing antibodies and immune 

responses (Cavanagh et al., 1988; Moore et al., 1997). The 

nucleotide sequence variation in the S1 gene may lead to 

lower cross-protection against serotypes and can modify 

the protection ability of a vaccine or immunity (Cavanagh 

and Gelb, 2008). Therefore, the nucleotide sequence of S1 

DOI: https://dx.doi.org/10.36380/jwpr.2020.10 

http://www.science-line.com/index/
http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-0176-0349


Sabra et al., 2020 

72 

gene is used to classify IBV strains and to identify new 

IBV variants that may challenge vaccination protocols (De 

Wit et al., 2011; Valastro et al., 2016). Recently, Valastro 

et al. (2016) proposed a unified IBV classification system 

based on S1 phylogeny that divided IBV strains into six 

main genotypes from GI to GVI comprising 32 viral 

lineages. 

IBV was first documented in Egypt by Ahmed 

(1954) and since then, several IBV strains with continuous 

diversity and recombination have been reported (Abdel-

Moneim et al., 2006; Zanaty et al., 2016). The majority of 

IBV strains circulating in Egypt especially in the last years 

clustered into two distinct phylogenetic groups, the GI-1 

lineage which contains classical strains and the GI-23 

lineage that contains field IBV variants which was further 

sub-divided into Egy/var I and Egy/var II which are 

related to IS/1494 and IS/885 (Abdel-Moneim et al., 2002; 

Abdel-Moneim et al., 2012; Zanaty et al., 2016). In spite 

of this fact, other IBV lineages such as GI-12 (Abdel-

Moneim et al., 2006; Valastro et al., 2016), GI-13 

(Rohaim et al., 2019) and GI-16 (Q1 like strains) (Kiss et 

al., 2016; Abdel-Sabour et al., 2017) have been reported in 

Egypt.  

Although chicken flocks are routinely vaccinated 

with live attenuated vaccines, outbreaks of IB in 

vaccinated flocks have been occurred, since there is little 

or no cross-protection among various serotypes of IBV 

(Reddy et al., 2015). The present study provided a 

monitoring data regarding the molecular characteristics, 

evolutionary relationship and genetic diversity of IBV 

strains isolated from chickens in Qena province as one of 

the southern provinces of Egypt in view of the fact that the 

majority of scientific research in Egypt focused on 

studying the IBV in the north and middle of Egypt.  

 

MATERIAL AND METHODS 

 

Ethical approval 

This research did not involve the introduction of any 

intervention in/on birds, but the direct collection of tissue 

samples from freshly dead birds was conducted in full 

compliance with the recommendations of Faculty of 

Veterinary Medicine, South Valley University, Qena, 

Egypt for the care and use of laboratory animals.  

 

Sampling and flocks’ history 

Fifty-two tissue samples (lung, trachea, and kidneys) 

were collected during the period from 2017 to 2019 from 

nine broiler chicken flocks in Qena province, South Egypt. 

These flocks were suspected of being infected with IBV 

and exhibited IB respiratory manifestations such as nasal 

discharge, sneezing, coughing, bronchial rales, gasping, 

tracheitis, airsacculitis, lung congestion, caseous materials 

in the trachea and/or nephropathogenic lesions such as 

pale enlarged kidneys with prominent tubular pattern. 

Most of these flocks had been previously vaccinated 

against IBV with one or more of vaccines of H120, H120 

+ D274, 1/96 and M41. The collected samples were 

labeled, stored on ice, transported to the Poultry Disease 

Department laboratory, Faculty of Veterinary Medicine, 

South Valley University, Egypt where kept frozen at -80 

°C for further processing.    

 

Egg inoculation and virus isolation 

Collected tissue samples from each IBV-suspected 

flocks were homogenized in PBS (10% w/v) containing 

5,000 IU /ml penicillin G, 5 µg/ml amphotericin B, and 5 

mg/ml streptomycin (Sigma Chemical Co., USA). The 

homogenates were then centrifuged at 3000 rpm for 10 

min after incubation at 4°C overnight and then 200 ul of 

the supernatant from each sample was inoculated into 

three 9-11-day-old embryonated chicken eggs. The 

allantoic fluid was harvested at 5-7 days post-inoculation 

and used for subsequent passages. The embryos were 

evaluated for gross lesions at each passage and this was 

performed as described by Guy (2008). 

 

RNA extraction and real-time reverse 

transcriptase PCR  
The genomic viral RNA of 52 samples were 

extracted from the harvested infected allantoic fluid using 

QIAmp® Viral RNA Mini Kit (Qiagen, Valencia, CA, 

USA) according to the manufacturer’s protocol. Presence 

of IBV in all samples was checked by rRT-PCR targeting 

the N gene of IBV using QuantiTect® probe RT-PCR kits 

(Qiagen, Hilden, Germany), and the reactions were carried 

out on Agilent Mx3005P thermocycler machine (Life 

Technologies, USA) using two specific primers, (AIBV-

fr): 5'- ATG CTC AAC CTT GTC CCT AGC A -3' and 

(AIBV-as) 5'- TCA AAC TGC GGA TCA TCA CGT -3' 

and probe (AIBV-TM) 5'- [FAM]  TTG GAA GTA GAG 

TGA CGC CCA AAC TTC A [TAMRA] -3'  to amplify a 

130 bp fragment of N gene as previously described by 

Meir et al. (2010) in the following conditions: 50 °C for 30 

min, one cycle at  95 °C for 15 min, followed by 40 cycles 

at 95 °C for 15 sec and 60 °C for 45 sec. 

 

Reverse transcriptase PCR and full S1 sequencing 

RT-PCR was performed to amplify the full S1 gene 

using Qiagen one step RT-PCR kit (Qiagen, Valencia, CA, 

USA) according to the manufacturer’s protocol, using two 

specific primer pair sets (Table 1) in two overlapping PCR 

fragments. The RT- PCR using the first primer pair was 

performed under the following conditions: 50°C for 30 

min, then 95°C for 15 min, 35 cycles (94°C for 1 min, 

54°C for 45 s, 72°C for 1 min), 72°C for 10 min, while the 

same conditions were used with the second primer pair 

except the number of cycles were 40 cycles and the 

extension time changed to be 72°C for 1.30 min. The PCR 

product was analyzed by electrophoresis on 1.2% agarose 

gel stained with SYBR Green and visualized using an 

ultraviolet transilluminator. After gel electrophoresis 

confirmation, the PCR products were sent for sequencing 

by a commercial service provider (Macrogen, Inc., South 
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Korea) where the PCR products were purified and 

sequenced in both forward and reverse directions using the 

same primer pair sets. 

 

Table 1. Primers used in this study to amplify the full-

length spike glycoprotein (S1) gene 

Name Sequence (5’-3’) 
Band size 

(base pair) 
Reference 

SF 1-1 GCCAGTTGTTAATTTGAAAAC 
980 

(Pohuang et al., 

2011; Yousefi 

et al., 2019) 

SR 1-1 TAATAACCACTCTGAGCTGT 

SF 1-2 ACTGGCAATTTTTCAGATGG 
1065 

SR 1-2 AACTGTTAGGTATGAGCACA 

 

Sequence analysis and phylogenetic analysis 

All chromatograms were analyzed, assembled using 

DNA Baser Assembler v5.15.0 software. The sequences 

obtained in the current study together with the other 

representative IBV sequences obtained from NCBI 

GenBank  (n=106) were aligned based on the nucleotide 

sequences with MUSCLE criterion (Edgar, 2004), 

implemented in MEGA6 software (Tamura et al., 2013). 

Prior to phylogenetic analysis, Gblocks software (Talavera 

and Castresana, 2007) was used to remove all potentially 

poorly aligned regions. For this analysis, a less stringent 

procedure, allowing for gap positions within final blocks, 

was applied. The phylogenetic analysis based on the full 

S1 gene was carried out with MEGA6 software using 

Maximum likelihood method with the general time 

reversible model as implemented in MEGA6 and a 

discrete gamma distribution with 1000 bootstrap replicates 

(Felsenstein, 1985) was used in the data analysis to assess 

the robustness of the branches. Evolutionary distances 

between the studied sequences and the reference and 

vaccine strains were inferred using the full S1 dataset, 

with pairwise comparisons of nucleotide sequences 

performed using BioEdit software v7.0.5.3 (Hall, 1999). 

Multiple alignment of deduced amino acid sequences with 

the amino acid sequences of the most currently used 

vaccine strains in Egypt was carried out using BioEdit 

software v7.0.5.3 (Hall, 1999). The nucleotide sequences 

obtained in this study were submitted to the NCBI 

GenBank to assign accession numbers (Table 2). 
 

RESULTS AND DISCUSSION 
 

Virus isolation and identification 

 Similar to other RNA viruses, the IBV virus is 

constantly evolving and mutating (Jackwood, 2012). 

Studies of genetic diversity and the relationships among 

other viruses circulating globally are very important for 

tracking the circulation of viruses and for better 

understanding of how isolates evolve to give rise to new 

variants of IBV. In this study, inoculation of collected 

tissue samples in embryonated chicken eggs revealed the 

ability of many isolated samples to induce typical IBV 

lesions such as stunting, curling, dwarfing, abnormal 

feathering and subcutaneous congestion (De Wit, 2000; 

Guy, 2008) in some inoculated embryos. Testing of 

harvested allantoic fluids for IBV by using rRT-PCR assay 

revealed that 29 out of 52 samples were positive for IBV 

and 9 out of 29 positive samples were selected to be 

amplified with one-step RT- PCR assay for full S1 

sequencing and genetic characterization (Table 2). 
 

Distance and phylogenetic analysis of full-length 

S1 gene 

Recently, genetic characterization based on the full 

S1 gene of IBV has become the primary method for 

classifying IBV strains because of its functional 

significance and heterogenicity (Valastro et al., 2016). The 

phylogenetic analysis based on the full S1 sequences 

representing different IBV strains (n=106) demonstrated 

that all nine isolates in this current study were variants and 

none of them were classic or of vaccine origin. One of 

those nine isolates named (IBV/CK/EG/QENA-4/2017) 

clustered with other isolates from Italy, China, South 

Korea, Taiwan, Vietnam, and Peru in GI-16 (Valastro et 

al., 2016) (Figure 1). Interestingly, this isolate, which was 

isolated from a unvaccinated broiler flock, was very 

closely related to other strains isolated in China 

(GU938413.1, HM363027.1, AF286302.1 and 

AF286303.1), Italy (KP780179.1) and Vietnam 

(KY992863.1) (Yu et al., 2001; Zou et al., 2010; Ji et al., 

2011; Franzo et al., 2015; Le et al., 2019) and showed high 

levels of nucleotide (99.7-99.9%) and deduced amino acid 

(99.2-99.8%) identities. These very high identities based 

on the nucleotide and amino acid sequences with other 

viruses indicate a common origin among these viruses. 

The GI-16 lineage previously identified as Q1-like 

IBV or  CK/CH/LDL/97I-type IBV was first identified in 

China in 1995 from layer flock with proventriculitis (Yu et 

al., 2001). The strains of this lineage were isolated 

regularly from both vaccinated and non-vaccinated 

chicken flocks (Yu et al., 2001; Luo et al., 2012). Also, in 

2011, the GI-16 lineage was isolated from three different 

Middle Eastern countries (Jordan, Saudi Arabia, and Iraq) 

from chicken flocks suffered from respiratory 

manifestations, kidney affections and decrease in egg 

production (Ababneh et al., 2012), and in Egypt, the 

strains of this lineage were isolated from broiler flocks 

suffered from respiratory symptoms associated with renal 

lesions and increased mortality (Kiss et al., 2016; Abdel-

Sabour et al., 2017).  
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The remaining eight isolates were clustered together 

in a separate monophyletic branch within GI-23 (Valastro 

et al., 2016) (Figure 1), suggesting that IBV circulating in 

this area is undergoing evolution. These eight variant 

isolates were found to be highly related among themselves 

with 95.4-99.9% and 94.1-99.8% nucleotide and amino 

acid sequence identities, respectively (Table 3). The 

percentage of the nucleotide and amino acid sequence 

identities (87.49-93.9% and 81.2-92.2%, respectively) 

among these eight isolates and the rest of the GI-23 

viruses used in the construction of the phylogenetic tree 

showed higher nucleotide and amino acid diversity within 

the lineage. 

GI-23 lineage of IBV was first recognized in Israel 

in 1998 from chickens suffering from respiratory and 

kidney lesions (Meir et al., 2004; Valastro et al., 2016) 

then spread rapidly to Egypt and other Middle East 

countries. For nearly 20 years, the strains of GI-23 have 

been geographically limited to Middle East countries, but 

have recently spread to some European countries (Valastro 

et al., 2016; Lisowska et al., 2017; Fischer et al., 2019).  In 

Egypt, GI-23 lineage has become the most prevalent 

lineage in the field as the majority of circulating IBV 

variant strains reported in chickens belong to this lineage 

as stated in many studies (Awad et al., 2014; Valastro et 

al., 2016; Zanaty et al., 2016; Abdel-Sabour et al., 2017; 

Abozeid et al., 2017; Naguib et al., 2017), Which is 

consistent with the results obtained in this study. 

Compared to the commonly used vaccine strains in 

Egypt, the nine isolates in this study showed different 

levels of nucleotide (77.4-82.3%) and amino acid (74.2-

81.8%) identities to the H120, Ma5, Mass41, 4/91, CR88, 

D274 and Israel variant 1(1/96) strains. The vaccine strain 

D274 shared the highest nucleotide amino acid identities 

among the vaccine strains with isolates obtained in this 

study. In addition to the pairwise identity, the phylogenetic 

analysis revealed that these nine variant isolates had a far 

distant relation to these vaccine strains. The high sequence 

differences between our isolates and the commonly used 

vaccine strains in Egypt may explain the reason for the 

failure of the vaccines to protect against challenge with 

these field strains.  

On the other hand, there are other factors should be 

taken in consideration such as immunocompromised 

chicken flocks with other pathogens (Cheng et al., 2018), 

lack of bio-security (Jackwood and Lee, 2017) as well as 

the improper application of vaccines (Magouz et al., 

2018). However, the frequent evolution of novel IBV 

variants is still the main cause of vaccination failure 

(Reddy et al., 2015; Khataby et al., 2016). 

 
Figure 1. Phylogenetic analysis based on a full-length 

nucleotide sequence of the S1 gene, showing the 

relationship among the isolates in this study and other 

infectious bronchitis virus strains retrieved from Genbank. 

The tree was constructed using the maximum-likelihood 

method with (GTR+G+I) model and 1000 bootstrap 

replicates using MEGA 6 software. There were a total of 

1570 positions in the final dataset. The isolates sequenced 

in this study are highlighted in bold font with red color.  



To cite this paper: Sabra M, Abdellatif W, Ahmed AI and Osman N (2020). Molecular Characterization and Phylogenetic Analysis of Full-length S1 Gene of GI-16 and GI-23 Infectious Bronchitis Virus in Qena, Egypt. J. World 

Poult. Res., 10 (1): 71-80. DOI: https://dx.doi.org/10.36380/jwpr.2020.10 

75 

 

 

 

 

 

 

 

 

 

Table 2. Flocks data sampled for infectious bronchitis virus isolates used for full-length spike glycoprotein (S1) gene characterization  

No. Isolate identification 
Flock age 

(day) 

Vaccines used in 

flock against 

infectious bronchitis 

Collection 

date 
Flock location Signs and postmortem lesions Accession No. 

1 IBV/CK/EG/QENA-4/2017 29 Non vaccinated November 2017 Qena- Dishna Sever respiratory manifestations MN890126 

2 IBV/CK/EG/QENA-7/2017 29 M41 September 2017 Qena- Abu Tesht 
Kidney damage with high morbidity  

and mortality rates 
MN890127 

3 IBV/CK/EG/QENA-8/2017 29 M41 September 2017 Qena- Abu Tesht 
Kidney damage with high morbidity  

and mortality rates 
MN890128 

4 IBV/CK/EG/QENA-13/2017 29 M41 September 2017 Qena- Abu Tesht 
Kidney damage with high morbidity  

and mortality rates 
MN890129 

5 IBV/CK/EG/QENA-14/2017 29 M41 September 2017 Qena- Abu Tesht 
Kidney damage with high morbidity  

and mortality rates 
MN890130 

6 IBV/CK/EG/QENA-18/2018 17 H120 March 2018 Qena- Dishna Sever respiratory manifestations MN890131 

7 IBV/CK/EG/QENA-31/2018 32 H120 & 1/96 December 2018 Qena- Qus Sever respiratory manifestations MN890132 

8 IBV/CK/EG/QENA-47/2017 32 H120 + D274 December 2017 Qena- Abu Tesht 
Kidney damage with high morbidity 

 and mortality rates 
MN890133 

9 IBV/CK/EG/QENA-48/2017 32 H120 + D274 December 2017 Qena- Abu Tesht 
Kidney damage with high morbidity 

and mortality rates 
MN890134 
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Table 3. Nucleotide and amino acid identities of full-length spike glycoprotein (S1) gene sequence of the nine infectious bronchitis virus isolates in this study with other 

Egyptian strains, reference strains and vaccine strains. 

                                                                                                                                                                                                                        Amino acid identity (%) 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20  

1 GU393335.1_H120 
 

99.8 96.4 78.6 75.4 75.0 75.2 75.9 77.5 76.3 75.8 75.8 75.8 75.9 75.6 75.0 75.4 75.8 75.4 75.6 1 

2 AY561713.1_Ma5 99.8 
 

96.2 78.4 75.2 74.8 75.0 75.9 77.5 76.3 75.6 75.6 75.8 75.9 75.6 75.0 75.4 75.8 75.4 75.6 2 

3 FJ904720.1_Mass41_1965 97.6 97.7 
 

77.8 74.8 74.2 74.6 74.8 76.7 75.6 75.4 75.4 75.0 74.8 74.8 74.2 74.6 75.0 74.6 74.8 3 

4 X15832.1_D274 80.9 80.9 80.6 
 

80.1 79.0 78.6 79.3 82.9 83.5 81.4 81.6 81.8 81.6 81.4 81.0 81.2 81.4 81.4 81.6 4 

5 JN542567.1_CR88121 78.1 78.0 78.4 79.6 
 

93.1 95.4 76.7 79.0 80.3 77.8 77.8 80.3 79.9 79.7 79.3 79.0 79.2 79.0 79.2 5 

6 KF377577.1_4/91 78.6 78.6 78.9 79.1 96.6 
 

92.2 77.5 77.6 79.2 77.3 77.3 79.5 79.5 79.3 78.4 78.0 78.6 78.0 78.2 6 

7 AF093795.1/IS variant1 (1/96) 78.0 78.0 78.3 79.4 97.4 95.5 
 

76.9 78.8 79.3 77.6 77.6 79.7 79.7 79.5 78.6 78.6 78.8 78.6 78.8 7 

8 AY279533.1_IS/885_S1 78.6 78.6 78.6 78.9 77.9 78.6 77.7 
 

87.9 87.9 79.7 79.7 87.1 87.1 86.7 86.2 86.0 86.7 86.3 86.5 8 

9 KY805846.1 EG/CU/4/2014 80.3 80.1 80.3 82.8 78.8 78.5 79.0 88.4 
 

94.5 81.6 81.8 91.6 91.3 91.1 90.7 92.4 92.0 92.4 92.6 9 

10 EU780077.2_IS/1494/06 80.1 79.9 79.9 83.1 79.2 79.2 79.2 88.1 95.4 
 

82.0 82.2 91.4 91.1 90.9 90.5 91.8 91.8 91.8 92.0 10 

11 AF286302.1_Q1 77.5 77.4 78.1 80.7 78.6 78.8 78.9 80.1 82.1 81.6 
 

99.6 82.4 82.4 82.0 81.8 80.9 81.2 82.4 82.6 11 

12 IBV/CK/EG/QENA-4/2017 77.5 77.4 78.1 80.6 78.6 78.8 78.9 80.2 82.2 81.6 99.8 
 

82.4 82.4 82.0 81.8 81.0 81.4 82.6 82.7 12 

13 IBV/CK/EG/QENA-7/2017 79.6 79.4 79.6 82.3 79.1 79.4 79.0 87.4 92.3 92.6 81.5 81.5 
 

99.6 99.4 98.8 96.5 96.9 95.2 95.4 13 

14 IBV/CK/EG/QENA-8/2017 79.7 79.5 79.6 82.1 79.0 79.4 79.0 87.4 92.2 92.5 81.4 81.4 99.8 
 

99.4 98.4 96.7 97.1 94.8 95.0 14 

15 IBV/CK/EG/QENA-13/2017 79.5 79.3 79.5 82.1 78.9 79.3 78.9 87.3 92.1 92.5 81.3 81.3 99.8 99.8 
 

98.2 96.4 96.7 94.7 94.8 15 

16 IBV/CK/EG/QENA-14/2017 79.2 79.0 79.2 82.0 78.8 79.1 78.7 87.0 91.9 92.2 81.1 81.1 99.5 99.4 99.3 
 

95.4 95.8 94.1 94.3 16 

17 IBV/CK/EG/QENA-18/2018 79.6 79.4 79.6 82.0 79.0 78.9 78.9 87.4 93.6 93.4 81.4 81.4 97.1 97.2 97.1 96.7 
 

99.2 96.2 96.4 17 

18 IBV/CK/EG/QENA-31/2018 79.7 79.5 79.7 81.9 78.8 78.9 78.7 87.6 93.6 93.5 81.3 81.3 97.2 97.3 97.2 96.8 99.3 
 

96.2 96.4 18 

19 IBV/CK/EG/QENA-47/2017 79.4 79.3 79.4 82.2 78.9 78.9 78.8 87.2 93.7 93.0 82.0 82.1 95.8 95.7 95.6 95.4 97.4 97.2 
 

99.8 19 

20 IBV/CK/EG/QENA-48/2017 79.4 79.4 79.5 82.3 79.0 78.9 78.9 87.2 93.7 93.0 82.1 82.1 95.9 95.7 95.7 95.4 97.4 97.3 99.9 
 

20 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20  

                                                                                                                                                                  Nucleotide identity (%)   
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Figure 2. Multiple alignment of deduced amino acid sequences of hypervariable regions (HVR) from the infectious bronchitis virus (IBV) isolates in this study and some 

IBV vaccine strains. A dot indicates an identical amino acid with H120 strain. A dash indicates an amino acid deletion, “X” means any gap within the codon not translated 

to a valid amino acid. 
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Alignment analysis of deduced amino acid 

The S1 protein contains three HVRs associated with 

serotype specificity and virus-neutralizing epitopes and 

located within the amino acid residues 38–67, 91–141, and 

274–387 (Moore et al., 1997; Wang and Huang, 2000). In 

this study, full-length S1 gene sequences of obtained 

isolates were translated and aligned with the amino acid 

sequences of the most currently used vaccine strains in 

Egypt. Based on the alignment in three HVRs of S1, the 

nine isolates showed unique amino acid differences in 

comparison to the commonly used vaccine strains (Figure 

2). It is well known that even small changes in the amino 

acid sequence of the spike protein can contribute to the 

generation of new antigenic types that can alter the 

protective ability of a vaccine (Adzhar et al., 1997; Casais 

et al., 2003). 

 

CONCLUSION 

 

The present study provided a robust depiction of genetic 

characteristics of IBVs isolated from chickens in Qena 

province, Egypt as well as the evidence for the emergence 

of IBV variants in vaccinated and unvaccinated broiler 

flocks. This study demonstrated the circulation of two IBV 

variants lineages (GI-16 and GI-23). The genetic 

variability among studied isolates and commonly used 

vaccine strains can explain the poor vaccination 

performance and disease outbreak in this region. The 

continuous disease monitoring and surveillance are 

required not only to elucidate sequence characteristics of 

prevailing strains but also to revise appropriate vaccine 

strategies. These data will be essential as a step for 

selecting appropriate vaccine strains as well as planning 

for future vaccine strategies. 
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ABSTRACT 
Cheese production waste contains carbon source, one of which is lactose as an energy source in the development of 

fermentation, especially in the manufacture of probiotics for poultry. The research method used 3% fermented 

cheese whey in 17-week-old laying hen drinking water to analyze the productivity of laying hens and microbiology. 

The purpose of the research is to determine the effective concentration of fermented whey cheese to improve 

productivity, physical and chemical composition of eggs, and evaluate fat metabolism in laying hens. The present 

study used 120 laying hens aged 17 weeks. The experimental method was designed using the T-test method of 

control (P0), fermented whey cheese (P1). The observed variables were productivity (feed consumption, water 

consumption, daily egg production, feed conversion ration), and microbiology of small intestine and excreta 

(lactate acid bacteria, salmonella, Escherichia coli.). The effect of adding fermented whey cheese into drinking 

water decreased feed consumption and FCR in contrast to the control group (P0) but increased egg production, egg 

weight, and egg mass weight. The effect of adding fermented whey cheese into drinking water decreased the 

number of Escherichia coli bacteria and increases lactic acid bacteria in the digestive tract of broiler chickens, 

especially in the ileum, caeca, so also with those in the stool. The number of Salmonella Bacteria was significantly 

decreased and very significantly increased lactic acid bacteria in the feces during the fermentation of whey cheese. 

The decrease in ammonia in the stool was very significant compared to the control group. In conclusion, adding 

fermented whey cheese into drinking water can reduce feed consumption, feed conversion ratio (FCR), Escherichia 

coli, salmonella, ammonia (NH3), and increase egg production, egg weight, egg mass weight, final body weight, 

and lactate acid bacteria. The use of fermented whey cheese can be used as a nutraceutical feed additive to inhibit 

pathogenic bacteria in the intestine and increase lactic acid bacteria. 

Key words: Drinking water, Fermented, Laying hens, Whey cheese  

 

INTRODUCTION 

 

Whey is a liquid cheese waste or a milk serum which is 

produced during the cheese production and separated from 

a large number of curd which mainly are not utilized by 

the Community, and therefore resulting in environmental 

pollution if directly disposed without processing (Prasetyo 

and Kustiawan, 2012). According to Nursiwi et al. (2015) 

the waste of cheese production contains carbon sources 

such as lactose as a source of energy in the development of 

biotechnology fermentation, mainly producing the 

probiotics for livestock. Lactose content (4-7%) and 

proteins (0.6-1%), which could be used as a medium for 

bacterial growth in the fermentation process was very 

beneficial for livestock health and increase the 

productivity of organic livestock (Prasetyo and Kustiawan, 

2012). Also it could be used as an increased biomass 

medium to develop lactic acid bacteria and yeasts and 

produce several bioactive components through 

Biofermentation (Ariyanti and Hadiyanto, 2013; Nursiwi 

et al., 2015; Watson et al., 2017). According to Watson et 

al. (2017) fermentation products had a role in assisting the 

absorption process of vitamin D and K, stimulating the 

growth of beneficial bacteria in the small intestine and 

assists the process of absorption of various 

microsubstances such as minerals such as calcium and iron 

ions. This chemical and nutritional content could be 

applied as a nutraceutical feed additive to livestock 

(Mellor, 2000; Charalampopoulos and Rastall, 2009; 

Kabir, 2009; Sugiharto, 2016; Watson et al., 2017). 

Nutraceutical feed Additive was a form of feed (or part of 

a food) that provided medical or health benefits, including 

prevention and treatment of diseases, as well as enhancing 

the performance and production of livestock 

(Bhattacharyya and Roy, 2015). In other words, 

nutraceuticals were organic chemicals or natural feedstuffs 
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that could improve health by providing physiological 

benefits by providing essential nutrients. Enzymes, 

prebiotics, probiotics, phytogenic additives, organic acids, 

and others were included in the nutraceutical. The role of 

probiotics for poultry had a positive impact on improving 

performance, productivity, and livestock health. 

According to Kabir (2009) and Kabir et al., (2005) who 

had expressed the administration of nutraceutical feed 

additive in the form of probiotics in broiler cattle could 

improve the performance, quality of carcasses, the number 

of lactic acid bacteria in the intestine, immune response 

and lowering stress levels. The addition of nutraceutical 

feed additive in the form of probiotics, prebiotics, 

symbiotic, and organic acids could also increase the 

production of eggs, egg mass and quality (Youssef et al. 

2013). 

 

MATERIALS AND METHODS 

 

Ethical approval 

The approval of this research was sorted by 

Politeknik Negeri Banyuwangi’s ethics committee in 

Indonesiaand guidelines for care, and human handling of 

animals was strictly followed throughout the study (FASS, 

2010). 

 

Animal and treatment groups 

This research used 120 laying hens (Lohman strain, 

Japfa comfeed, Indonesia), aged 17-weeks old and used 

two kinds of treatments including P0 (without fermented 

whey cheese, P1 (fermented whey cheese) with 10 

replications. Each replication used six chickens (1 

hen/cage, the dimensions for each cage were 35 x 36 x 42 

cm). Drinking water was provided ad libitum and feeding 

was given twice a day, in the morning (07.00 am) and 

afternoon (05.00 pm). The research period was nine 

weeks. The research feed using the nutrients requirement 

recommendation of Leeson and Summers (2005). The diet 

contained 20 % crude protein and 2900 kcal/kg. The 

composition and nutrients content of the control diet are 

showed in table 1 

 

Fermentation of whey cheese 

Fermentation of whey cheese included whey cheese 

which was heated to 80
o
C for 10 minutes, and then mixed 

with 10% of molasses. The temperature dropped rapidly to 

35-40
o
C with an immersion beaker glass containing a 

mixture of water and molasses in cold water. The next step 

was adding an inoculation starter to 5% kefir grain. After 

completing the inoculation process, the anaerobic 

fermentation of kefir was carried out for 24 hours at 

temperatures between 35 and 40°C. At the end of the 

incubation period, the quality of the fermented whey 

cheese was analyzed (Table 2).  

 

Table 1. Composition and nutrients contents of basal diet 

fed in the experimental diet of laying hens  

Ingredients (%) 

Maize 52.00 

Soybean meal 24.40 

Fish meal 8.60 

Rice bran 

Corn Gluten Meal (CGM) 

1.10 

2.50 

Palm oil 2.65 

Di-Calcium Phosphate (DCP) 1.00 

Calcium carbonate (CaCO3) 6.70 

NaCl 
Premix1 

0.39 
0.50 

DL-Methionine  0.16 

Total 100 

Nutrient content2  

Metabolism Energy (kcal/kg)  2901.35 

Crude protein (%) 20.03 

Crude fat (%) 5.04 

Crude fiber (%) 2.31 

Methionine (%) 0.59 

Lysine (%) 1.37 

Methionine + Cysine  (%) 0.96 

Ca (%) 3.11 

P available(%) 0.69 

Na (%) 0.24 

Note: 1 Premix composition Each 10 kg contains vitamin A: 12.000.000 
IU, vitamin D3: 2.000.000 IU, vitamin E: 8.000 IU, vitamin K: 2.000 

mg, vitamin B1: 2.000 mg, vitamin B2: 500 mg, vitamin B6, vitamin 

B12: 12.000 g, vitamin C: 25.000 mg, Calcium-D-anthothenate: 6.000 
mg, Niacin: 40.000 mg, Choline chloride: 10.000 mg, Lysine: 30.000 

mg, Manganese: 120.000 mg, Iron: 20.000 mg, Iodine: 200 mg, Zinc: 

100.000 mg,  Cobalt: 200 mg, Copper: 4.000 mg, Zinc Bacitracin: 
21.000 mg. 2 Formulated based on nutrient requirement 

recommendations by Leeson and Summers (2005). 

 

Table 2. Chemical quality characteristics of fermented 

whey cheese  

Indices Contents 

Alcohol (%) 3.18 

Acetic acid (%) 0.21 

Lactic acid (%) 0.29 

pH 3.70 

Titratable Acidity 0.579 

Antioxidant 38.91 

Lipid (%) 0.20 

Protein (%) 0.27 

Lactic acid bacteria (log CFU / milliliter) 10.27 

Total Plate Count (log CFU / milliliter) 2.60 

Yeast (log CFU / milliliter) 8.11 
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Experiment design and measurements 

Feed and water were given ad libitum. Drinking 

water in P1 treatment was added by 3% whey cheese 

fermented into the water, while P0 gave only water 

without fermented whey cheese. Feed intake was 

measured every week, while egg production and weight 

were recorded daily during treatment. The parameters 

observed in this study were the performance of laying 

yamsincluding feed consumption, egg production, egg 

mass weight, egg weight, feed conversion, and 

microbiology.  

 

Data analyses 

 All data were expressed as mean ± standard 

deviation and analyzed using T-tests. The analysis was 

considered significant at p < 0.05 using the Statistical 

Package for Social Sciences (SPSS version 21) for 

windows. 

 

RESULTS AND DISCUSSION 

 

Production of laying hens  

Analysis of the productivity of laying hens aged 17-

26 weeks can be seen in table 3. The effect of adding 

fermented whey cheese into drinking water (p < 0.001) 

decreased feed consumption and feed conversion ratio 

(FCR) compared to the control treatment (P0) but 

increased egg production, egg weight, and egg mass 

weight. The decrease in feed consumption and feed 

conversion ratio (FCR) was around 0.9% and 11.8% (p < 

0.001) compared to the control treatment while the 

increase in final body weight, egg production, egg weight, 

and egg mass weight were 4.13%, 6.41 %, 12.59%, and 

19.27%. 

 

Table 3 Effect of fermented whey cheese added to the 

drinking water of the productivity of laying hens  

Variable 
Treatment 

SEM P- value 
P0 P1 

Feed intake (gram /hen/ day) 105.90a 104.91b 0.15 <0.001 

Initial Body Weight (gram / 

hen) 
1455.00 1465.5 3.19 0.102 

Body weight gain (gram 

/hen) 
1776.80b 1850.20a 10,98 <0.001 

Egg production (%) 75.21b 80.03a 0.69 <0.001 

Egg weight (gram ) 59.48b 66.97a 0.88 <0.001 

Egg mass weight (gram 

/hen/day) 
44.93b 53.59a 1.04 <0.001 

FCR 1.78a 1.57b 0.03 <0.001 
a,b,c,d = Means within a column with different superscripts differ 

significantly (p < 0.05). P0 = Control group (without fermented 

whey cheese), P1= treatment group with fermenting whey cheese, 

SEM= Standard Error Mean, FCR = Feed conversion ratio. 

Feed intake 

Analysis of the productivity of laying hens aged 18-

26 weeks can be seen in table 3. Effect of adding 

fermented whey cheese into drinking water decreased (p < 

0.01) feed consumption. Decreased feed consumption was 

due to the content of lactic acid bacteria and yeast that 

were in the fermentation of whey cheese which can split 

nutrients in the small intestine, so that absorption of 

nutrients in the body was food leaded to reduction in feed 

consumption (Mahfuz et al., 2017). Further, Taklimi et al. 

(2012) stated that giving probiotics such as lactic acid 

bacteria and yeast would reduce feed consumption. In 

contrast to the research of Toghyani et al. (2015), using 

molasses and fermented milk kefir grains did not affect the 

decrease in feed consumption. 

 

Body weight gain 

The administration of fermented whey cheese had a 

very significant effect on increasing the body weight of 

26-week-old laying hens (P1) compared to conventional 

drinking water treatment (P0). This increase in body 

weight was due to the content of lactic acid bacteria and 

yeasts which present in whey cheese fermented with kefir 

seeds that could inhibit pathogenic bacteria in the 

digestive tract, so the degradation of nutrients in the feed 

was easily appropriately absorbed. Kefir is a natural 

product that contains a complex mixture of lactic acid 

bacteria and yeasts, which acts as a probiotic (Fuller, 

1989; Toghyani et al., 2015). Probiotics can improve 

intestinal health by inhibiting the growth of pathogens, 

resulting in better digestion and absorption of nutrients. 

According to Yaman et al., (2006), adding kefir into 

drinking water significantly increased the population of 

Lactobacilli spp. also, total aerobic bacteria populations 

and decreased the populations of Enterobacteriaceae so the 

absorption of nutrients would be better. 

 

Egg production 

Increased egg production at the age of 18-26 weeks 

was thought to be related with the presence of lactic acid 

bacteria and yeast in the small intestine and large intestine, 

by suppressing pathogenic bacteria and stimulating the 

growth of usefull bacteria which would increase the 

absorption capacity and digestibility of proteins, as well as 

increasing  the egg production (Sathya and Muragian, 

2015; Lokapirnasari et al., 2017). Protein is necessary for 

poultry body growth, healing damaged tissue, and also for 

the production and egg-forming elements. Using lactic 

acid bacteria and yeasts could produce an acidic 

atmosphere in the digestive tract, thereby suppressing the 
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growth of pathogenic bacteria. A suitable condition of the 

digestive tract increases the metabolic process and 

absorption of necessary nutrients for the body , and also 

help increasing egg production, eggshell weight, eggshell 

thickness, and reducing cholesterol levels in egg yolks 

(Chaucheyras-Durand and Durand 2009; Delia et al., 

2012; Lokapirnasari et al., 2017). 

 

Egg weight and egg mass weight 

The increase in egg weight and egg mass weight was 

highly significant (p < 0.01) by the administration of 

fermented whey cheese (P1) compared to the control 

treatment (P0) (Table 3). Increased egg weight and egg 

mass weight was related to the content of lactic acid 

bacteria in the digestive tract which inhibit pathogenic 

bacteria that use protein in the small intestine. According 

to Huda et al. (2019), the utilization of lactic acid bacteria, 

which was applied to animal feed, could inhibit the growth 

of pathogenic microbes in the small intestine so that 

protein absorption improved and egg weight automatically 

increased. Furthermore, Pradikta et al. (2018) explained 

that the Absorption Rate of food substances in the 

digestive tract would work better with the help of lactic 

acid bacteria; and food substances contained in the feed, 

such as protein and amino acids, would be better absorbed 

in the chicken's body. This protein and amino acids would 

be used later by chickens to produce eggs, so if the 

absorption is not optimal, then production will also be not 

good. According to Istinganah et al. (2013), the essential 

factor to influence egg weight was protein and amino acid 

content, because about 50% of the dry matter contained in 

eggs is protein, therefore amino acids supplement was 

essential in the process of egg formation. 

 

Feed conversion ratio  

The addition of fermented whey cheese significantly 

decreased the FCR of laying hens aged 18 to 26 weeks 

(P1) compared to conventional drinking water treatment 

(P0) (Table 3). The decrease in FCR was caused by a 

decrease in feed consumption. According to Huda et al. 

(2019)  who stated that the effective factor of FCR was the 

adequate nutritional content of the feed. The high FCR in 

the control treatment without whey fermentation was due 

to a high feed consumption, so that the absorption of 

nutrients for egg production was due to the enhanced 

activity of pathogenic, the digestibility, and the metabolic 

energy that caused the rate of movement of food in the 

digestive tract to be faster (Jadhav et al., 2015). The faster 

movement of feed affected the efficiency of ingesting food 

used to make eggs (Kabir, 2009; Jadhav et al., 2015; 

Mousavi et al., 2018).  Furthermore, Toghyani et al. 

(2015) stated that adding milk kefir and kefir molasses 

could reduce the FCR due to the increase of microbiota in 

fine milk, whichwas beneficial for absorption of feed 

nutrients and decreasing the consumption . 

  

Gastrointestinal microflora and ammonia in 

laying hens 

Microbiological analysis of 26-week-old laying hens 

can be seen in table 4. The effect of adding fermented 

whey cheese into drinking water decreased  (p < 0.01) the 

number of Escherichia coli and increased lactic acid 

bacteria in the digestive tract of broiler chickens, 

especially in the ileum, caeca, and also in the stool. The 

number of Salmonella bacteria was significantly (p < 0.05) 

decreased and very significantly (p < 0.01) increased lactic 

acid bacteria in the feces during the fermentation of whey 

cheese. The decrease of ammonia in the stool was very 

significant (p < 0.01) compared to the control. The 

decrease in the population of Escherichia coli  in the 

intestine and salmonella in the stool was related to  the 

increase in lactic acid bacteria that produced various 

organic acid components such as lactic acid and acetic 

acid and decreased the value of intestinal pH (Engberg et 

al., 2009).  

 

Table 4. Effect of whey cheese fermentation into drinking water 

on gastrointestinal microflora, excreta, and ammonia laying hens 

at 26 weeks. 

Variable 
Treatment 

SEM P-value 
P0 P1 

Escherichia coli  
    

Ileum (log CFU / gram) 5.67a 5.18b 0.08 <0.01 

Caeca (log CFU / gram) 7.17a 6.40b 0.10 <0.001 

Lactic acid bacteria  
    

Ileum (log CFU / gram) 7.12b 8.19a 0.16 <0.001 

Caeca (log CFU / gram) 7.17b 8.39a 0.15 <0.001 

Excreta  
    

Lactic acid bacteria (log CFU / gram) 5.57b 7.29a 0.23 <0.001 

Escherichia coli (log CFU / gram) 4.60 4.51 0.12 0.664 

Salmonella (log CFU / gram) 4.33a 3.79b 0.13 0.028 

NH3 (ppm) 3.73a 2.59b 0.17 <0.001 

a,b,c,d = Means within a column with different superscripts differ 

significantly (p < 0.05). P0 = Control (without fermentied whey cheese), 

P1= Fermenting whey cheese, SEM = Standard Error Mean, log = 
logarithm, CFU = Colony Forming Unit, ppm = part per million 

 

According to Canibe and Jensen (2003) and Kabir 

(2009) feed that contains a lot of lactic acid bacteria would 

produce high concentrations of lactic acid and acetic acid 
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and lower the pH to made a hostile environment for 

growth of gram-negative bacteria that are sensitive to 

acids such as Campylobacter, Salmonella, and Escherichia 

coli. An increase in lactic acid bacteria in the feces would 

also affect the production of organic acids that could break 

the chain of reaction of urea formation. According to Mi et 

al. (2019) lactic acid bacteria could produce more effective 

acid  to reduce  ammonia in chicken feces, so the amount 

of H
+
 ions would be high. H

+ 
ions in chicken feces could 

convert ammonia to ammonium (NH4
+
) so the formation 

of ammonia emissions by gram-negative bacteria could be 

prevented (Kabir, 2009; Pezzuolo et al., 2019).. Lactic 

acid bacteria produce acidand are proteolytic, so they can 

reduce ammonia by breaking down the protein in uric 

acid. Lactic acid bacteria utilized uric acid as a nutrient 

and broke it down to the monomers. This resulted in 

decreasing ammonia production because of the availability 

of uric acid to be converted to ammonia is reduced. Lactic 

acid bacteria also produced bacteriocin (antibiotics), which 

suppressed the growth of pathogenic gram-negative 

bacteria which produced ammonia (Dhama et al., 2011; 

Park et al., 2016; Chen et al., 2017). This suppression of 

bacterial growth resulted in decrease of producing the 

urease enzyme from gram-negative bacteria which used to 

convert uric acid to ammonia (Mi et al., 2019; Pezzuolo et 

al., 2019). Mi et al. (2019) indicated that the pH of the 

stool is very important for the release of ammonia in the 

stool. A decrease in pH will change ammonia (NH3) to 

ammonium (NH4
+
), which is more water-soluble, and 

making it less volatile than NH3. 

 

CONCLUSION 

 

Adding 3% fermented whey cheese to drinking water can 

reduce feed consumption, FCR, Escherichia coli, 

salmonella, ammonia (NH3), and increase egg production, 

egg weight, egg weight, final body weight, and lactic acid 

bacteria. The fermented whey cheese could be used as a 

nutraceutical feed additive in increasing the productivity 

of laying hens. 
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ABSTRACT 
The Avian Uncoupling Protein (avUCP) belongs to the mitochondrial anion transporter family. It has a pivotal 

homeostatic mechanism that associated with energy regulation and lipid metabolism. The avUCP considered as a 

candidate gene for chicken growth-related traits according to its predominant expression is in skeletal muscle. To 

address genetic distance pattern of UCP3 between mammalian and avian species, sequence similarity analysis using 

the protein alignment of UCP3 identified the high amino acid identity between the species and complementarily 

detected two protein conserved regions which are known as the ADP/ATP transporter translocase and the 

Mitochondria-carrier. Likewise, for mutation detection, samples were genotyped, afterward PCR-SSCP method 

implemented. In addition, association analysis was performed for investigating single nucleotide polymorphism 

within the UCP3 gene relating to the given economic traits. A detected polymorphic site, on the promoter region of 

UCP3 (-40 T/A substitution), has displayed significant influences on the Feed Conversion Rate (FCR), Residual Feed 

Intake (RFI), Average Daily Gain (ADG), and Carcass Weight (CW%). In the case that, birds with genotype AA had 

better FCR, ADG, RFI as compared to the genotype BB and birds with genotype AA revealed a higher CW% as 

compared to the genotype BB. According to the obtained results from the in-silico survey, Myoblast determination 

protein (MyoD) was predicted as a best-matched transcription factor with a consensus sequence harboring the -40 

T/A -novel SNP- in the promoter region of UCP3, where might be responsible for phenotypic variation between two 

genotypes. In conclusion, the result suggests important roles for UCP3 polymorphism in feed efficiency and growth 

traits which is better to be used in broiler chicken breeding programs. 

Key words: Association analysis, Avian uncoupling protein3, Body composition traits, Broiler chicken, Feed 

efficiency, Novel mutation  
 

 

INTRODUCTION 
 

Mitochondria are the primary site of cellular energy 

production, generating the most of the cell’s supply of 

ATP by using the energy derived from the oxidation of 

nutrients to create an electrochemical gradient across the 

mitochondrial inner membrane through proton pumping 

from the matrix (Lodish et al., 2000; Kolath et al., 2006). 

Actually the electron transport chain is composed of 83 

subunits, 70 of which are encoded by the nuclear and the 

rest 13 encoded by the mitochondrial genome (Lodish et 

al., 2000). The nuclear-encoded proteins (uncoupling 

proteins 2 and 3) can uncouple oxidative phosphorylation 

and electron transport by transporting protons back into 

the mitochondrial matrix due to increasing the 

permeability of the inner mitochondrial membrane (Garlid 

et al., 2000; Criscuolo et al., 2006; Jastroch et al., 2010). A 

Survey conducted by Raimbault et al, in 2001 has 

discovered a mitochondrial Uncoupling Protein (UCP) 

homolog in the avian lineage for the first time, which 

called as Avian Uncoupling Protein (avUCP), also they 

have been highlighted that avUCP is sharing more than 

70% amino acid homology with both mammalian UCP2 

and 3 (Raimbault et al., 2001). However, most of the 

recent attention has been devoted to the important 

contribution of UCPs to non-shivering thermogenesis, 

thyroid hormone control, and cold-induced gene 

expression (Raimbault et al., 2001; Masaaki  et al., 2002; 

Pawade  et al., 2005; Rey et al., 2010). Whereas, 

regulation of UCP3 expression appeared to be related with 

Free Fatty Acid (FFA) utilization and free radical 

metabolism (Jian-Guo et al., 2005; Murata  et al., 2013; 
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Moazeni et al., 2016). Therefore, avUCP can act as similar 

to mammalian UCPs, which have been strongly inducing 

during cold-exposure states (Raimbault et al., 2001; 

Masaaki  et al., 2002; Rey et al., 2010; Nguyen et al., 

2015; Lin et al., 2017).  

Additionally, the vast investigation indicated that 

this protein may play a major role in body energy 

expenditure, particularly in skeletal muscle (Bailey et al., 

1998; Boss et al., 1998; Raimbault  et al., 2001; Abe  et 

al., 2006; Liu  et al., 2007). In addition, consecutive pieces 

of literature were implemented to characterize the gene 

structure and detect variants in the UCP3, paid particular 

attention to alteration in energy expenditure, growth, 

obesity, and body mass index in Human (Mutombo et al., 

2013; Brondani et al., 2014; An  et al., 2018). Also, UCP3 

variation analysis in animal genetic fields, collectively, 

elucidated significant differentiation on feed efficiency 

and performance traits in farm animals (Choi et al., 2006; 

Kolath et al., 2006; Liu  et al., 2007; Murata et al., 2013; 

Moazeni et al., 2016; Jin et al., 2018). Therefore, running 

lines of evidence which have justified the localized 

expression of avUCP in skeletal muscle in birds and its 

biological function of decreasing mitochondrial membrane 

potential and mediating proton leaks, made it a suitable 

candidate gene related to fat metabolism and production 

traits in the chicken (Masaaki et al., 2002; Abe et al., 

2006; Rey et al., 2010; Murata et al., 2013).  

As a result of any alteration in promoter regions that 

can change the activity of encoded protein so it will 

modify energy expenditure by affecting on the coupling 

level of oxidative phosphorylation, thereby providing 

variations in body weight and abdominal fat (Liu et al., 

2007; Cieslak et al., 2009; Jastroch et al., 2010; Murata et 

al., 2013). Since, more accumulation of fat could decrease 

the feed conversion rate and meat quality in meat-typed 

chicken, therefore, rapid growth and lower fat deposition 

have required a great deal of interest concordantly in 

recent and following years because of its prominent issues 

in animal breeding (Sharma et al., 2008; An et al., 2018; 

Jin et al., 2018). In summary, due to a broad perspective 

appeared from previous studies, UCP3 has a crucial 

impact on growth traits and feed efficiency in many 

species. Besides, efficient genomic variations have been 

thought ordinarily of as a key factor for selection 

strategies, genetic improvement and ultimately having 

soared in the chicken meat industry, so the UCP3 can be a 

candidate gene for chicken production performance. 

Accordingly, the aim of the present study was to examine 

the association of a novel polymorphism in the promoter 

region of the UCP3 gene with feed efficiency and body 

composition traits in broiler chickens. 

 

MATERIAL AND METHODS 

 

Phenotypic measurements 

The experiment carried out using Iranian commercial 

lines of Arian broiler chicken including two dam and sire 

lines. All lines primarily selected for growth traits in sire 

lines and reproductive traits in dam lines, for 19 

successive generations and finally, a total of 253 day-old 

chickens selected at generation 19 to rear on the floor with 

ad libitum access to feed and water. The chicks fed on 

commercial corn-soybean diets in accordance with the 

national research council requirements containing 2745 

kcal/kg Metabolizable Energy (ME), 14.3 % Crude Protein 

(CP) and 2920 kcal/kg ME, 13.3% CP respectively in dam 

and sire lines.  

At the age of 21 days, all chicks weighed 

individually by digital scale, then transferred to the 

individual cages and grown for another 21 days recording 

for traits including Feed Conversion Ratio (FCR), Average 

Daily Gain (ADG), Residual Feed Intake (RFI), and Daily 

feed Intake (DFI)  in all birds through 21 days as follows: 

The FCR calculated by dividing the mass of input (feed 

intake) by the mass of output (meat production) for 

measuring the efficiency of converting food into the 

desired output (Willems et al., 2013).  

Next, the RFI also calculated as a difference between 

actual and predicted feed intakes based on body weight 

and growth rate. In the end, once the trial accomplished, 

the DFI calculated from offered and refused food by birds 

in each cage, then the ADG captured for the same period 

of rearing (Zhen-qiang  et al., 2014).  After fasting for 12 

hours on 42th days, sample birds weighed individually, 

then, transferred to the slaughter-house and sacrificed by 

manual exsanguination using ethical guidelines according 

to animal welfare legislation, afterward, body composition 

traits such as Final Body Weight (FBW), Drumstick 

Weight (DW), Carcass Weight (CW), Breast Muscle 

Weight (BMW), Abdominal Fat Weight (AFW), Hand 

Weight (HNDWT) and Back Weight (BAKWT) recorded 

by digital scale as well.  

 

DNA sequencing, Polymorphism Chain Reaction-

Single-strand conformation polymorphism and 

population screening for single-nucleotide 

polymorphisms 

Required DNA extracted from whole blood using 

modified salting-out procedure (Miller  et al., 1988). Four 
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sets of primers (table 2) designed based on the sequence of 

UCP3 gene given from the GenBank database. 

Amplification of the UCP gene was performed in the 

volume of 20 µl containing 100 ng of genomic DNA, 1× 

PCR buffer, 1 unit of Taq DNA polymerase (Cinagene, 

Iran), 2.5 mM dNTPs, 10 ρ mol of each primer and 2 mM 

MgCl2. PCR condition was set in three min initial 

denaturation at 94 ºC, 35 cycles of 45s denaturing at 94 ºC, 

45s annealing at 62 ºC and 45s elongation at 72 ºC. 

Amplification product was assessed on a 1.5% agarose gel 

electrophoresis and purified using a QIAquick Gel 

extraction micro centrifuge and vacuum (QIAGEN, USA) 

according to the manufacturer’s instructions. To increase 

the reliability of measures, direct sequencing was 

performed on both strands in samples of each line by 

applying the primer sets using the 3730XL DNA analyzer 

(Applied Biosystem (ABI), USA). Single Strand 

Conformation Polymorphism (SSCP) method was used to 

evaluate the frequency of the SNPs in the promoter region 

of the gene at the population level because it is a simple 

and sensitive technique for mutation, detection and 

genotyping (Hayashi 1992). The PCR pair primer of 5' 

GAG CGG GAT TTG ATT CTG TGC 3' and 5' GAA 

GGT GCA GAG GTC AGC GAT 3' was designed in both 

forward and reverse strands to amplify a 230-bp of UCP’s 

promoter region harboring the substitution. The PCR 

condition was the same as the method mentioned above 

except adding 5% Ddimethyl Sulfoxide (DMSO). Then, 

10μl PCR product mixed with 8μl loading buffer (98% 

Formamide, 0.025% Bromophenol blue, 0.025% Xylene 

Cyanol, 10 mM Ethylenediamine Tetraacetic Acid 

(EDTA). The mixture, then denatured at 95°C for five 

min, and placed in to an icebox for five min, and in the 

next stage, electrophoresed for 8 to 12 h at 200 Von a 6% 

polyacrylamide gel with 10% glycerol. The silver staining 

method implemented to visualize the DNA patterns on the 

gel. The samples producing different SSCP patterns on the 

gel, finally DNA segments sequenced to confirm the 

causative SNP. 

 

Statistical model and analysis method 

One of the most well-known statistical model for 

using in association analyses is GLM (Fang et al., 2009). 

So that the association between the UCP mutations with 

growth and body composition traits analyzed by GLM 

procedure (SAS, version 9.4). The fitted model contained 

fixed effects of genotype (G with 2 levels), sex (S with 2 

levels), and line (L with 4 levels) and random effect of sire 

(SI) nested within the lines SI (L), as follows:       

y = µ + G + S + L + SI (L) + e. 

where y is the response variable, µ is the population 

mean, and e is unknown random error. Significant 

differences between least square means of the different 

genotypes were calculated using a LSMEANS contrast 

procedure (Wang and Goonewardene, 2004). The 

significance threshold defined at P<0.05 level. 

 

Table 1. Four sets (the sets number 1 to 4) of designed 

primers used for sequencing the avian uncoupling protein 

gene in Arian bird samples and set 5 used for single-strand 

conformation polymorphism analysis 

G
en

e
 

P
ri

m
er

 

se
t 

Sequences of designed primer 

L
en

g
th

 

o
f 

p
ro

d
u

ct
 

U
C

P
3
 

1 
F 5´-GAGCGGGATTTGATTCTGTGC-3´ 

946 
R 5´-GGTGGGTTGGTCCTTCATTGG-3´ 

2 
F 5´-TGGGACCAATCATGTCAGTGG-3´ 

876 
R 5´-ATGGATGGAGCTACGGACACC-3´ 

3 
F 5´-GATAGTGGTGAGGAAGGTAGG-3´ 

734 
R 5´-AAAGCAGCCACGAAGTGACAG-3´ 

4 
F 5´-CATCAAAGGACACACTGCTGC-3´ 

801 
R 5´-AGGAATACCCGGACTCACCAC-3´ 

5 
F 5´-GAGCGGGATTTGATTCTGTGC-3´ 

230 
R 5´-GAAGGTGCAGAGGTCAGCGAT-3´ 

Primer sets designed in Tarbiat modares laboratory based on the 
sequence of UCP3 gene with accession number AF433170.2 from the 

GenBank, USD. UCP3: uncoupling protein3; F: forward; R: reverse 

 

Bioinformatics studies 

 To address genetic similarity of UCP3 between 

mammalian and avian species, sequence similarity 

analysis used the protein alignment of UCP3. Moreover, 

Evolutionary relationship assessed by measuring pairwise 

distance between species, since several sources of 

molecular information have been undertaken to illustrate 

evolutionary relationships, protein sequences of chicken 

and 14 other species extracted from NCBI database. Then, 

phylogeny and molecular evolutionary analyses conducted 

by using MEGA in order that, genetic distances derived 

from protein weight matrix by using BLOSUM algorithm 

for homology searches (Tamura et al., 2011). Then 

phylogenetic tree drown using both character-based and 

distance-based procedure presented in maximum 

likelihood model. For the reason, achieving better 

interpretation, promoter and transcription factor prediction 

performed by different online software including EPD, 

BBCU and TFBIND (Matys et al., 2003; Deaton  and Bird  

2011; Gaudry and Campbell, 2017; Lizio etal., 2017). The 

TFBIND online software uses weight matrix in 
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transcription factor (TF) database. Since this database uses 

all sequences related to TATA-Box, initiator region, 

CCAAT-Box, and GC-box it can obtain more purified and 

reliable results (Matys et al., 2003; Kumar et al., 2017).  

 

Ethical approval 

All bird’s experiment performed according to 

standard animal welfare and approved by the Committee 

of Animal Science of Tarbiat Modares University, Iran. 

All experimental protocols applied in accordance with 

relevant legislation and recommendations by this 

committee.  

 

RESULTS 

 

Sequence analysis, Single Nucleotide 

Polymorphism detection and genotyping  

The first set of analyses examined whether variation 

can be discovered in the interested gene or not. Direct 

sequencing of the UCP3 gene in sample birds discoverd 

five novel polymorphic sites including, a  substitution of -

40 T/A in 5'
 

Untranslated Region (5' UTR), a silent 

mutation of 1833 A/G in fourth exon, and also the rest of 

mutant-sites detected in third intron and 3' UTR , but We 

for further exanination just foucesd on a novel 

polymorphic site in promoter region or 5' UTR. Due to the 

importance of the mutations which occur in the promoter 

region of the genes, further analyses particularly 

conducted to examin -40 T/A polymorphic site. As figure 

showes, -40 T/A  substitution produced two different 

SSCP pattern on gel, namely A and B across the 

population (Figure 1). 

 

Figure 1. Electrograph of 230 base-pair sequenced 

segment of uncoupling protein3 gene carrying a novel 

single nucleotiede polymorphism in Arian lines 

Association of avian uncoupling protein3 -40 T/A 

polymorphism with feed efficiency and body 

composition traits 

The genotypes of -40 T/A in upstream site of the 

UCP3 included in the genetic association analysis. Hardy-

Weinberg Equilibrium test (HWE) for this locus indicated 

that this site is out of HWE. Because allelic frequency in 

this locus indicated that, allele A with a frequency of 0.67 

was more prevalent than allele B with frequency of 0.33 in 

the trail population. There were significant associations 

between this polymorphism and all feed efficiency traits 

including FCR, ADG and RFI (P = 0.001) except DFI. So 

that chickens with genotype AA indicated better FCR and 

RFI than genotype BB, and also chickens with genotype 

AA displayed higher ADG than genotype BB. Likewise, -

40 T/A substitution was significantly associated with 

carcass weight percentage of samples (P = 0.05) so that 

chickens with genotype AA revealed a higher CW% than 

the birds with genotype BB. However, tiny differences in 

other composition traits (CW, DW, BMV, AFW and AFW 

%) did not show any association (Table 2). 

 

Table 2. Least square means ± SE for feed efficiency and 

body composition traits among genotypes in the 

uncoupling protein3 in broiler chickens considering the 

effects of -40 T/A substitution  

P-value 
Genotype 

Trait 
BB AA 

0.000*** 2.149±0.04 1.925±0.023 FCR  g:g 

0.017** 8.854±2.62 1.421±0.006 RFI (g) 

0.827 164.8±3.462 165.8±1.951 DFI (g) 

0.000*** 77.485±1.593 86.298±0.898 ADG (g/d) 

0.513 1626±26.692 1661.9±10.987 CW (g) 

0.674 473.62±8.883 473.99±5.43 DW (g) 

0.236 533.45±9.628 550.14±3.286 BMW (g) 

0.113 26.625±1.544 22.616±0.862 AFW(g) 

0.053* 66.834±0.934 69.157±0.337 CW% 

0.111 1.08±0.62 0.911±0.037 AFW% 

SE: standard error; FCR: feed conversion ratio in the interval; RFI: 

residual feed intake from 21 to 42 days of age; DFI: daily feed intake; 

ADG: average daily gain; CW: carcass weight; DW: drumstick weight; 

BMV: breast muscle weight; AFW: abdominal fat weight 

 

Bioinformatics’ results 

In this study promoter prediction performed by 

TFBIND and the logical results presented in table.3. The 

predicted binding sites and transcription factors including: 

Myoblast determination protein (MyoD with M00184 

code), Specificity Protein 1 (SP1 with M00008 code), and 

Nuclear factor I (NF1 with M00193 code) corresponded to 
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the consensus sequences of promoter region of UCP3. 

Amazingly, MyoD was exactly covering the region 

harboring novel single nucleotide polymorphism. The 

Schematic figure of matched transcription factor with 

binding sites in promoter region of uncoupling protein 

gene has designed in figure 3. To address genetic distance 

pattern of UCP3 between mammalian and avian species, 

alignment of protein sequences in UCP3s identified high 

amino acid identity between the species and 

complementarily detected two protein conserved regions 

which are known as the ADP/ATP transporter translocase 

and the Mitochondria-carrier. The output of genetic 

distance and revolution relationship between mentioned 

species displayed in a figure of rooted phylogenetic tree 

using maximum likelihood method that indicates common 

ancestor of UCP3 in all species (Figure 4). 

 

Table 3. Predicted transcription factors and binding sites in promoter region of uncoupling protein3 gene of broiler chicken by 

TFBIND online software 

Code Transcription factors Score  Consensus sequence of binding sites 

M00008 SP1 0.823046 GRGGCRGGGWGTTCCCCCCC 

M00184 Myo D 0.781616 NNCANCTGNYTCCCACTGCC 

M00193 NF1 0.741892 NNTTGGCNNNNNNCCNNNTCTATCCGTGAGCCAGGA 

SP1: Specificity Protein 1; Myo D: Myoblast determination protein; NF1: Nuclear factor I 

 
 

 

Upstream region of UCP3 ( Promoter of UCP3) 
 

CNAGCGTCATCTCTATCCGTGAGCCAGGAGCCCCATAGGACGCAGCATCCCACTGCCAACCTTTGCGTTCCCCCCCAGCCATCATGGTGGGCC 

MyoD                 -47 NNCANCTGNYTCCCACTGCC-26 
 

SP1                                        GRGGCRGGGWGTTCCCCCCC 

NNNNNCCNNNTCTATCCGTGAGCCAGGA 

 

NF1 

 

Figure 3. Schematic figure of predicted binding sites in uncoupling protein gene by MyoD with the logo of MyoD in 

Bioinformatics analysis. UCP3: Uncoupling protein3; SP1: Specificity Protein 1; Myo D: Myoblast determination protein; NF1: Nuclear factor I  

 
DISCUSSION 

 

The candidate gene approach has been known as a 

significant tool to improve the selection methods by 

finding behind the curtain association between genotype 

variation in certain gene and phenotype of interest (Liu et 

al., 2007; Moazeni et al., 2016; Jin  et al., 2018). Thus, by 

discovering the contribution of UCP3 in the regulation of 

energy metabolism, it is concluded that it may affect the 

production traits and promote the performance of meat-

type poultry. As a consequence, the polymorphism of 

UCP3 can be used in genetic improvement if genotypic 

and allelic frequencies are determined. Since the 

confirmation of such effects requires a considerable 

amount of multilateral studies, and there is still insufficient 

information on the function of this gene, so, to pave the 

path for finding this information, this study was designed. 

A basic objective of our research was to estimate the 

allelic and genotypic frequency of UCP3 polymorphism of 

the -40 T/A substitution in the promoter region in distinct 

genotypes. Hardy-Weinberg Equilibrium test (HWE) can 

be used for searching how the alleles within one locus are 

in equilibrium, this test for polymorphic locus in upstream 

of UCP3 in our samples indicated that it is out of HWE, 

because certain selection strategies for reproduction and 

production traits in both dam and sire lines of Arian 

chickens affected the allelic frequencies during the past 

years Arian population.  
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To detect the association of UCP3 variants, according 

to the result of frequency association analyses that 

presented in table 3, the pattern of genotype AA showed 

maximum frequency (0.7312%) and the pattern of 

genotype BB indicated minimum frequency (0.2688%).  

Moreover, genotype AA produced better performance for 

most of feed efficiency traits except DFI than genotype 

BB. Although there were no significant differences 

between the two genotypic patterns in body composition 

traits, except CW% (p < 0.053), that figured out chickens 

with AA genotype had higher CW% compared to chickens 

with BB genotype pattern. On average, body composition 

traits in chickens with genotype AA were superior to those 

with BB genotype. Also, Sharma et al. in 2008 suggested 

that polymorphism in the avUCP is associated with feed 

conversion and body weight in commercial broiler lines 

which approves our findings in the present study (Sharma 

et al., 2008).  

Moreover, in the human field, some supportive 

investigations have indicated common mutations on 

promoter sites of UCP3 are associated with childhood 

obesity, energy expenditure, body weight alteration, and 

BMI (Mutombo et al., 2013; Brondani et al., 2014). 

 

 
Figure 4. Molecular Phylogenetic analysis of the 

uncoupling protein3 in 14 different species by using 

protein sequences 

 
Almost every research conducted on UCP3 

recommended some promotion in feed efficiency and 

growth performance traits in chicken associated with 

UCP3 polymorphism in chicken (Nguyen et al., 2015; 

Moazeni et al., 2016; Jin et al., 2018), in Japanese quail 

(Murata et al., 2013), in New Zealand Romney lambs (An 

et al., 2018), and in Angus’ steers (Kolath et al., 2006). 

Furthermore, recent studies suggest that proton uncoupling 

action of UCP3 in mitochondria can permit heat 

production and regulate energy metabolism in beige 

adipose tissue in pigs (Cieslak et al., 2009; Lin et al., 

2017). 

As usual, the less abdominal fat in chickens 

enhances the quality and market acceptability of meat 

production. In addition, emerging evidence report that 

lipid metabolism to be controlled by UCP3, and it has 

been found to be associated with fat distribution and 

accumulation of abdominal fat in avian species (Liu et al., 

2007; Murata et al., 2013). Conversely, the data structure 

in our research did not reveal a significant influence on 

abdominal fat weight between different genotypes 

carrying the novel SNP. This contrasting result may come 

from the fact that different determinants including 

hormonal levels, nutrition, genotypes, and even data 

structure are responsible for phenotypic plasticity (De-

Jong and Bijma  2002; Johnsson et al., 2018). The strategy 

of using UCP3 polymorphism as a DNA marker would 

increase body weight, improve production quality and 

decrease abdominal fat next will cause low production 

costs in the poultry industry (Liu et al., 2007; Moazeni et 

al., 2016; An et al., 2018; Jin et al., 2018). The existence 

of some alteration in the promoter region makes biological 

sense which confirms regulatory sequences should be 

variable. Since gene promoters are critical role players in 

gene regulation, so they ordinarily receive signals from 

different sources to down and up-regulate the level of 

transcription, which mainly determines gene expression 

(Rey et al., 2010; Hoffmann et al., 2013; Murata et al., 

2013). For the reason, that transcription start sites and 

surrounding regulatory elements normally are often in the 

upstream region of gene sequence. Therefore, we deduced 

that if the novel change occurs in the allelic level by 

substitution of T to A in promoter region finally will cause 

significant variation in phenotype in birds which are 

harboring different types of variants. On the other hand, 

the UCP3 has been shown to involve in the regulation of 

some biological process of energy metabolism so it is most 

likely to have an effect on pathways related to growth 

performance (An et al., 2018; Jin et al., 2018).  

  On the other side, due to the sequence identity, 

mitochondrial proteins were grouped into the core UCP 

family and phylogenetic deduction classifies avUCP as a 

UCPs orthologue (Jastroch et al., 2010; Tamura et al., 

2011; Pardi and Gascuel, 2016). Besides, it should be 

considered that relatively little information is available 

concerning regulatory mechanisms of UCP in avian 

species, especially about promoter binding sites and other 

controlling elements (Jian-Guo et al., 2005; Lizio et al., 

2017). Notwithstanding the fact that existing some 

differences in the number of exons and the genomic region 
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that the gene is located on, our assessment in the field of 

sequence alignment of UCP3 from chicken and other 

species has demonstrated a relatively uniform structure 

that displays conserved composition of amino acids in 

UCP3 between studied species which means UCP3 is 

under purifying natural selection, suggesting that it's 

functions has not changed severely during evolution. The 

amino acid similarity above 70% previously endorsed by 

Raimbault et al. (2001). The conserved regions in 

uncoupling protein encoded by UCP3s in different species, 

known as the ADP/ATP transporter translocase and the 

Mito_carr with slight variation in the state of their 

genomic region (Gaudry and Campbell, 2017; Lin et al., 

2017). 

In the current study, -40 T/A SNP in UCP3 located 

in promoter region, and since a possible explanation for 

this might be that the promoter is the most important 

region to gene transcription, because, in initial stage of 

gene transcription, specific transcriptional factors should 

bind to the promoter site, so any mutations or indels, 

particularly in binding sites can alter the pattern of 

transcription and finally change the phenotype (Lu and 

Sack, 2008; Deaton and Bird 2011; De-Luis et al., 2012).  

Bioinformatics available tools have provided the 

opportunity to predict certain parameters based on the 

genomic information of other organisms. In this regard, 

we used in silico analyses for prediction of probable 

binding sites in the promoter region and transcription 

factors, using the humane and mouse genomic 

information. The output of prediction represents that -40 

T/A located in the probable consensus binding motifs in 

the promoter region and might combine with MyoD which 

qualified in this study. (Bailey et al., 1998; Solanes et al., 

2000; Hoffmann et al., 2013). If this hypothesis becomes 

true so the significant changes in the mentioned traits will 

become more justified. According to text mining further 

transcription factors have been found related to UCP3 

such as Coup-TFII, MyoD, Sp1, PPAR-alpha, and the 

others (Lu and Sack, 2008; Hoffmann et al., 2013). As 

biology is mysterious and complicated we guess other 

regulators have been located out of our eyes. To support 

this attitude, we point to study which determined that the 

product of UCP3 can be governed by a complex 

interaction between chicken ovalbumin upstream promoter 

transcription factor II (Coup-TFII) and other transcription 

factors including PPARalpha, MyoD, and histone 

acetyltransferase p300. 

 Bailey et al. (1998) and Solanes et al. (2000) already 

underlined that when MyoD as a promoter activator of 

UCP3, co-transfects, then other factors will contribute and 

can cause a significant induction. Additionally, extra 

findings obtained from previous studies have established 

that any alteration in the promoter region and binding sites 

can counteract the attachment of MyoD, PPAR, and other 

transcription factors so that ultimately transcription level 

can be attenuated (Lu and Sack, 2008; Nguyen et al., 

2015).  

As this novel SNP is located exactly in the predicted 

consensus region mentioned in table 3. It can be concluded 

it was able to alter the transcription level.  Finally, it is 

deduced that excavated association between UCP3’s SNP 

and phenotypes in broiler lines most likely produced by 

underlying linkage disequilibrium between this SNP and 

causal gene which modulates the expression of the UCP3 

in our chicken samples. Although, it should be noted the 

significant associations obtained in this study needs to be 

confirmed by increasing the sample size in further 

complementary studies and it might be a distinct 

application of this novel SNP which could be benefitted by 

further studies. 

 

CONCLUSION 

 

       This study investigated the association between the 

sequence variant in the avUCP with feed efficiency and 

body composition traits in Arian broiler lines. The result 

identified new mutations in the structure of the gene. 

Association analysis indicated that a mutation in the 

promoter region was significantly associated with feed 

efficiency traits and carcass weight% in Arian broiler 

lines. Indeed, because of the location of the mutation in 

the promoter region and the vicinity of the mutation with 

some important transcription factors, in particular, MyoD, 

indicate that -40 T/A will be a valuable SNP for 

application in poultry breeding strategies by 

complementary study supports. 
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ABSTRACT 
Improving the quality of cocoa pods through fermentation with Pleurotus ostreatus reduced its crude fiber content, 

especially for lignin and cellulose. Fermentation of cocoa pods product increased their utilization in poultry diet. An 

experiment was conducted to determine the effect of feeding cocoa pods waste fermented by Pleurotus ostreatus on 

the laying performance and egg quality of quail. This experiment employed completely randomized design with five 

dietary treatments: 0%, 5%, 10%, 15% and 20% cocoa pods fermented by Pleurotus ostreatus in the diets and four 

replications. 200 laying quail (7 weeks of age) were randomly allocated into 5 treatments (10 birds per treatment) 

and 4 replications. Diets included iso nitrogen 20% and iso metabolism energy 2800 kcal/kg. The results of the 

experiment indicated that feed intake, hen-day egg production, egg weight, egg mass production, and feed 

conversion were not affected but egg cholesterol was affected by increasing cocoa pods fermented products in the 

diet. In this experiment, a diet which utilized 15% cocoa pods fermented using Pleurotus ostreatus maintained the 

laying performance of quail and reduced egg yolk cholesterol (20.30%). 
 

Key words: Cocoa pods, Egg quality, laying Quail, Performance, Pleurotus ostreatus 
 

 

INTRODUCTION 
 

Laying quail (Coturnix coturnix japonica) is a 

domesticated bird that has been widely farmed because of 

high egg production. High egg production is clearly 

influenced by the quality of the feed. Providing of high 

quality and continuous feed, especially for poultry, still 

has problems, namely difficulty in obtaining feed 

ingredients that do not compete with human needs and 

expensive feed prices that are still imported. The reason of 

high feed costs, especially in Indonesia, was related to 

imported feed ingredients which cause high prices. 

Expensive feed costs can be overcome by the use of 

alternative feed, one of them which can be used as 

alternative feed namely cocoa pods. 

Indonesia ranks third in the world among cocoa 

producing countries with a production of 659.8 thousand 

tons with a plantation area of 1730 thousand hectares in 

2017. West Sumatra is a cocoa producing provinces with a 

production of 52.2 thousand tons with an area of 

plantation reaching 158.9 thousand hectares on 2017 

(Nuraini et al., 2019a). According to Amrullah (2012) in 

area of one hectare productive cocoa can produce fresh 

cocoa pods at a yield of approximately 5 tons/ha/year. 

Cocoa pods consist of 75% pods, 2% placenta and 23% 

seeds (Nuraini et al., 2019a); therefore it can be estimated 

that the cocoa pod production was 38,628 thousand tons in 

2017. 

Cocoa pods contain 11.71% crude protein, 11.80% 

fat, 34.95% nitrogen free extract, crude fiber 32.12% 

(cellulose 22.11% and lignin 23.14%) tannins 0.11% and 

theobromine 0.19% (Nuraini et al., 2019a). However, the 

cocoa pods can not be used as animal feed directly, due to 

several constraints, including the crude fiber content, 

especially lignin and cellulose, which are sufficiently high 

and the presence of alkaloid substances, namely 

theobromine. Theobromine is a harmless alkaloid that can 

be damaged by heating or drying. According to Nuraini et 

al. (2019a), the use of cocoa pods in broiler rations is 

limited, and only can be used up to the level of 5%. 

One means of improving the nutritional quality of 

the cocoa pod is by reducing the content of crude fiber 

(especially lignin and cellulose) through fermentation with 

Pleurotus ostreatus. Pleurotus ostreatus is a white rot 

fungus that is able to degrade lignin. Pleurotus ostreatus 

produces extracellular ligninase enzymes i.e. manganese 

peroxidase (Mnp), lignin peroxidase (Lip) and laccase 

(Sekan et al., 2019). Cellulase (Fernadez-Fueyo et al., 

DOI: https://dx.doi.org/10.36380/jwpr.2020.13 

http://www.science-line.com/index/
http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-9963-1328


J. World Poult. Res., 10(1): 96-101, 2020 

 

97 

2016; Yuanzheng and Hyun-Jae, 2017) amylase and 

protease enzymes (Ergun and Urek, 2017) are also 

produced by Pleurotus ostreatus. Fermentation with 

Pleorotus ostreatus also produce lovastatin. Lovastatin can 

reduce cholesterol (Ramakrishnan et al., 2017). Another 

advantage of fermentation with Pleorotus ostreatus is the 

presence of lovastatin compounds that can inhibit the 

formation of cholesterol. The mechanism of action of 

lovastatin can inhibit the action of the HMG-CoA 

reductase enzyme which acts to synthesize mevalonate 

(mevalonate is needed for cholesterol synthesis) such that 

cholesterol production is reduced (Haslinger-Loffler, 

2008). 

Fermentation is influenced by several factors 

including the composition of the substrate, inoculum dose 

and length of fermentation (Nuraini et al., 2019b). Our 

previous research reported 8% inoculum dosage and 9 

days of incubation with a substrate composition of 80% 

cocoa pods and 20% tofu waste mixture fermented with 

Pleurotus ostreatus. The crude protein increased from 

13.21% to 21.68%, the crude fiber content decreased from 

24.46% to 16.24% (% reduction of crude fiber 33.61%), 

the lignin content decreased from 19.66% to 15.01% (% 

lignin reduction 23.66%), the cellulose content decreased 

from 18.93% to 13.79% (% cellulose reduction 27.16%), 

nitrogen retention 67.16%, digestibility of crude fiber 

53.81%, crude fat content 1.73%, calcium 0.14%, 

phosphorus 0.9%, metabolic energy 2786.7 kcal/kg, 

content of glycine 0.98%, methionine 0.42%, and 

mevastatin 65 mg/kg (Nuraini et al., 2019a). 

Increasing crude protein, decreasing crude fiber of 

cocoa pods by fermentation with Pleurotus ostreatus is 

expected to increase the use of cocoa pods in quail diet. 

The use of cocoa pods fermented by Pleurotus ostreatus 

on quail laying has not been determined. The purpose of 

this research was to determine the effect of feeding cocoa 

pods waste fermented by Pleurotus ostreatus on the laying 

performance and egg quality of quail.  

 

MATERIALS AND METHODS  

 

Ethical approval 

The present research was approved by the Animal 

Ethic Committee of the Universitas Andalas Padang 

Indonesia (No 456/KEP/FK/2019). 

 

Materials 

The material used in this study was cocoa pods 

fermented with Pleurotus ostreatus, corn, bran, 126 

concentrate, bone flour, top mix, CaCO3, and fish oil. The 

quail used in this study were the strain Coturnix-coturnix 

japonica layer phase of 200 birds at 7 weeks of age with 

40% egg production. The cages used are battery cages 

with 20 units, each unit measuring (45x40x40 cm). Feed 

ingredients, food content (%) and metabolic energy 

(kcal/kg) of the ingredients composing rations (as feed) 

presented in table 1.  

 

Table 1. Nutrient content and energy metabolism of feedstuff (as feed) of laying quail  

Ingredient 
CP 

(%) 

Lipid 

(%) 

Crude 

Fiber (%) 
Ca (%) P (%) 

MEc 

(Kcal) 

Methionine 

(%) 

Lysine 

(%) 

Concentrate 126b 38.00 4.00 8.00 5.50 1.00 2910.00 1.00 1.76 

Corn meala 8.20 2.66 2.90 0.38 0.19 3300.00 - 0.20 

Rice Brana 9.50 5.09 14.84 0.69 0.26 1630.00 0.27 0.67 

Fish Oil - 100.00 - - - 8600.00 - - 

CPFa 19.04 1.52 14.26 0.12 0.08 2447.56 0.42 0.98 

Bone Meala - - - 24.00 12.00 - - - 

Caco3a - - - 40.00 - - - - 

Top mix - - - 5.38 1.44 - 0.30 0.30 
aNuraini et al. (2018);b PT. Charoen Pokphan (Consist of fish meal, soybean meal, dicalcium phosphate, NaCl, niacin, trace mineral and antioxidant); cScott et 

al. (1982); CPF: Cocoa pod fermented with Pleurotus ostreatus. Top mix from PT Medion (Consist of 10kg: vitamin A=12.000.000 IU, vitamin 
D3=2.000.000 IU, vitamin E= 8.000.000 IU, vitamin B1= 2.000mg, vitamin B2= 5.000mg, niacin= 40.000, methionin= 30.000 mg, lysine= 30.000, 

manganese= 120.000mg, iron= 20.000mg, iodin= 200mg, zinc= 100.000mg, cobalt= 200mg, copper= 4.000mg) 

 

Fermented Cocoa Pods with Pleurotus ostreatus 

The 500 grams substrate consisted of 80% (400 

grams) cocoa pods and 20% (100 gram) tofu waste with 

35 ml of mineral solution added. The mineral composition 

consists of MgSO47H2O (2.5 g), FeSO47H2O (1 g), 

KH2PO4 (0.01 g), ZnSO44H2O (1 g), MnSO44H2O (0.01 

g), thiamine hydrochlorine (0.1225 g) and urea (50 g). 

Then, pods were sterilized in an autoclave (temperature of 

121
0
C for 15 minutes), and inoculated with Pleurotus 

ostreatus as much as 8% of the substrate dry material. The 

substrate was stirred until homogeneous and flattened to a 

thickness of 3 cm and incubated for 9 days (Nuraini et al., 

2019a). 
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Experimental design 

This research was conducted in a Completely 

Randomized Design (CRD) method with 5 treatments 

(Cocoa pods fermented with Pleurotus ostreatus/ CPF) 

and 4 replications, with the following treatments: 0%, 5%, 

10%, 15% and 20% CPF in the diet. There were 10 laying 

quails per unit of experiment. The nutrient content and 

metabolizable energy content of the diets are shown in 

table 1. The composition of the treatment diet and the 

content of the treatment diet presented in table 2 

 

Table 2. Composition of diet and nutrient content of quail 

diet  

Ingredient (%) 
Treatment 

A B C D E 

Corn Meal 

Consentrat 126 

Rice Bran 

Fish Oil 

CPF 

Bone meal 

Top Mix 
CaCO3 

45.50 

41.00 

10.00 

1.00 

0.00 

1.00 

0.50 
1.00 

44.50 

39.00 

8.00 

1.00 

5.00 

1.00 

0.50 
1.00 

43.50 

37.00 

5.75 

1.00 

10.00 

1.00 

0.50 
1.25 

42.50 

35.50 

3.00 

1.00 

15.00 

1.00 

0.50 
1.50 

41.50 

33.75 

0.50 

1.00 

20.00 

1.00 

0.50 
1.75 

Total 100.00 100.00 100.00 100.00 100.00 

Crude Protein (%) 

Crude Fiber (%) 

Fat (%) 

Ca (%) 
Available P 

ME (kcal/kg) 

Methionine (%) 

Lysine (%) 

20.26 

6.08 

4.36 

3.16 
0.65 

2943.60 

0.44 

0.93 

20.18 

6.31 

4.23 

3.04 
0.63 

2942.18 

0.43 

0.92 

20.08 

6.50 

4.08 

3.02 
0.60 

2936.68 

0.43 

0.92 

20.12 

6.66 

3.93 

3.02 
0.58 

2937.58 

0.43 

0.92 

20.09 

6.83 

3.78 

3.01 
0.56 

2935.29 

0.42 

0.92 

 

Parameter measurements 

The effect of using fermented cocoa pods with 

Pleorotus ostreatus on quail laying includes: feed 

consumption (g/head/day), hen day egg production (%), 

egg mass (g/head/day), egg weight (g/grain), feed 

conversion, egg yolk fat (%) and egg yolk cholesterol 

(mg/100g). 

 

Data analysis 

All of the data were statistically analyzed by one-

way analysis of variance in the Completely Randomized 

Design (CRD). Significant differences between treatments 

were determined using Duncan’s multiple range test, with 

a p < 0.05 considered to be significant. 

 

RESULTS 

 

The effects of treatments on the production performance 

of laying quails are provided in table 3. 

 

Feed consumption 

The feed consumption of laying quail was not 

affected  (p < 0.05) by the levels of CPF present in the 

diet. Utilization of CPF until 15% CPF was similar with 

feed consumption in the control. Increasing utilization of 

CPF until 20% decreased (p > 0.05) feed consumption. 

Feed consumption in the A treatment (control) was 21.72 

g/head/day, and feed consumption decreased in the 20% 

CPF  treatment group by 21.52 g/head/day. 

 

Hen-day egg production 

The levels of  CPF  in the diet affected (p < 0.05) the 

hen-day egg production of laying quails. Increasing CPF 

levels until 15% was similar with 0% CPF, but increasing 

CPF until 20% decreased (p < 0.05) hen-day egg 

production. Hen-day egg production in the control group 

was 61.00% and  hen-day egg production in the 15% CPF 

treatment group was 59.84% and in the 20% CPF 

treatment group was 58.17%. 

 

Egg mass production 

The egg mass production of laying quail was 

affected (p < 0.05) by the levels of CPF in the diet. 

Increasing fermented product levels until 15% CPF in the 

diet was similar to that in the 0% CPF/control group on 

egg mass production. The egg mass production in the 

control group was 6.33 g/head/day and was still similar to 

the 15% CPF treatment group (6.16 g/head/day) but 

decreased to 5.94 g/bird/day in the 20% CPF treatment 

group. 

 

Feed conversion 

The feed conversion ratio of laying quail was 

affected (p < 0.05) by the levels of CPF in the diet. 

Increasing CPF levels until 15% were still similar to the 

control group, but the 20% CPF treatment group increased 

feed conversion. The feed conversion in the control was 

3.43, which was similar to the 15% CPF treatment group 

(3.50) but increased to 3.63 in the 20% CPF treatment 

group. The effects of  utilization CPF in the diet on the egg 

quality of laying quail are illustrated in table 4. 

 

Table 3. Average production performance of quail aged 7-

11 weeks 
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A (0% CPF) 21.72a 61.00a 6.33a 3.43b 

B (5% CPF) 21.71a 60.92a 6.31a 3.44b 

C (10% CPF) 21.70a 60.83a 6.27a 3.47b 

D (15% CPF) 21.58ab 60.03a 6.16a 3.50b 

E (20% CPF) 21.52b 59.27b 5.94b 3.63a 

SE 0.05 0.53 0.08 0.04 
a,b: Superscript difference in the same column was affected significantly 

(p < 0.05) 
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Table 4. Effect of utilization of cocoa pod fermented in 

laying quail on the quality of egg  

Treatment 
Egg Weight 

(g/egg) 

Egg Yolk 

Cholesterol 

(mg/ 100g) 

Egg Yolk Fat 

(%) 

A (0% CPF) 10.42 877.38a 28.59a 

B (5% CPF) 10.20 843.81a 28.47a 

C (10% CPF) 10.25 789.85b 28.27a 

D (15% CPF) 10.25 744.70b 28.21ab 

E (20% CPF) 10.26 701.00b 27.98b 

SE 0.14 16.45 0.40 
a,b:Superscript difference in the same column affected significantly (p < 

0.01) 

 

Egg weight 

The egg weight of laying quail was not significantly 

affected (p > 0.05) by utilization of CPF in the diet. The 

egg weight in the control treatment (10.42 g/egg) was 

similar to that in the 20% CPF group (10.26 g/egg).   

 

Egg cholesterol 

Inclusion of CPF in the diet of quails significantly 

decreased (p < 0.05) the egg cholesterol content in a 

concentration-dependent manner. Increasing the amount of 

CPF decreased the egg cholesterol content. The egg 

cholesterol in the 0% CPF treatment group (877.38 

mg/100 g) was decreased compared to that in the 20% 

CPF treatment group (701.00 mg/100g). 

 

Egg yolk fat 

The egg yolk fat of laying quail was affected (p < 

0.05) by the levels of CPF in the diet. The egg yolk fat in 

the control was 28.50% and  decreased to 27.98% in the 

20% CPF treatment group. 

 

DISCUSSION 

 

The effect of the utilization CPF in the diet on laying quail 

performance is shown in table 3. Feed consumption that 

were not significantly different between treatment A with  

treatments B, C, and D showed that the utilization of 

cocoa pods fermented with Pleurotus ostreatus palatable 

(preferred) by quail, despite a reduction in the utilization 

of corn by 8.79%, reduction in concentrate 17.68% and 

bran reduction of 95%. Treatments B, C and D contain 

CPF and contain little (Corn, concentrate and rice bran) 

but still have the same palatability as treatment A which 

does not contain CPF, but contains more corn, concentrate 

and rice bran. 

The similar palatability between treatment A and 

treatments B, C and D showed that the quality of the diet 

in treatments B, C, and D did not differ with the quality of 

treatment A, causing the fermentation process to break 

down complex food substances into the simple ones to 

improve feed quality and improve digestibility. According 

to Nuraini et al. (2019b) fermented products can produce a 

preferred flavor and have several vitamins such that 

livestock are preferred compared to the original product. 

The decrease in feed consumption in treatment E 

caused by the high amount of CPF in the diet which 

caused high crude fiber content treatment E (20% CPF), 

i.e 6.83%. High crude fiber in the diet will have negative 

effects on growth and disrupt quail productivity, according 

to Ridla et al. (2019), high crude fiber causes poultry to 

feel full quickly such that it can reduce consumption, 

because the crude fiber is voluminous. Poultry cannot use 

crude fiber as an energy source; crude fiber is needed in 

small quantities as bulk, which is to expedite fecal 

expenditure. According to Nuraini et al. (2019a), the 

factors that influenced feed consumption in poultry are 

crude fiber content in feed, feed quality, palatability and 

taste of feed. 

The feed consumption of laying quail (age of 7-11 

weeks) in treatment D (15% CPF) in the diet is 21.58 

g/head/day. This feed consumption was similar to that 

observed by Nuraini et al. (2017b),
 
who showed that the 

feed consumption of quails (age 7-11 weeks) in a range of 

21.20-22.03 g/bird/day and higher than the results of a 

study by Khairani et al. (2016), who found that the feed 

consumption of quail was 17.64-20.52 g/bird/day when 

fed 18% crude protein.  

Hen-day egg production was not significantly 

different between treatments A with treatments B, C, and 

D due to the feed consumption, which was also the same 

in treatments A with B, C, and D. The same feed 

consumption showed that the food substances that were 

utilized to produce eggs were the same such that hen-day 

egg production was the same. Reduction in the use of 

corn, bran and concentrates in the B, C and D treatments 

results in a decrease in the amino acid content of lysine 

and methionine. However, a mixture of cocoa pod and tofu 

waste fermented with Pleurotus ostreatus is able to cover 

up the deficiency of the amino acids lysine and 

methionine. The amino acid contents of lysine and 

methionine in fermented product with Pleurotus ostreatus 

were 0.98% lysine and 0.42% methionine. According to 

Nuraini et al. (2017a) reported feed fermented with 

microorganisms had higher amino acid content than the 

original feed, as these amino acids are produced by 

microorganism. 

Fermentation of cocoa pod with Pleurotus ostreatus 

can improve nutrition better than the original product, 

which increases crude protein content, decreases crude 
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fiber content (cellulose, hemicellulose and lignin), 

increases digestibility of crude fiber and nitrogen retention 

and decreases theobromine antinutrient compounds 

contained in the cocoa pod. Pleurotus ostreatus fungi in 

fermentation can degrade lignin because it produces 

extracellular ligninolytic enzymes such as laccase, lignin 

peroxidase and manganese peroxidase (Fernadez-Fueyo, 

2016; Nuraini et al., 2017a). In addition cellulase enzymes 

and amylase enzymes are also produced by Pleorotus 

ostreatus such that the crude fiber in the cocoa pod 

dcrease (Yuanzheng dan Hyun-Jae, 2017). Nuraini et al. 

(2019a) found that cocoa pods and tofu waste mixture with 

Pleurotus ostreatus decreased crude fiber by 45.34%, 

decreased lignin by 32.34%, cellulose by 35.12%, 

cellulose enzyme activity by 3.32 U/ml, nitrogen retention 

by 67.16% and crude fiber digestibility by 53.81%. 

The decrease in hen-day egg production and egg 

mass in treatment E was caused by feed consumption, 

which also decreased in treatment E. Low feed 

consumption showed that less food was digested and 

absorbed for production. Indreswari (2016) states that egg 

production is determined by feed consumption. High crude 

fiber content in treatment E also results in decreased hen-

day egg production. Next the level of crude fiber becomes 

so overly high, and the digestion of nutrients and, the 

value of productive energy decreases, thereby slowing 

growth and interfering with productivity. Effects of crude 

fiber that cannot be digested can carry digested food 

substances out through feces; thus poultry livestock 

production and growth may not be optimal. Hen-day egg 

production of quails aged 7-11 weeks at treatment D (15% 

CPF) in the diet was 59.83%. This research was lower 

than that of Nuraini et al. (2017b), who reported hen day 

egg production in laying quails for the 7-12 weeks layer 

period of 70.45% and also lower than the research finding 

by Indraswari (2019) who reported HDEP of quail aged 

10- 14 weeks at 68.70%.  

In terms of feed conversion, feed conversion that 

was not significantly different between treatment A with 

treatment B, C and D was due to the same feed 

consumption and egg mass in treatments A with, B, C and 

D. According Khairani et al. (2016), the feed conversion 

ratio is the ratio between feed intakes in producing a 

number of eggs. Feed conversion can indicate the 

production coefficient; a smaller value indicates more 

efficient use of feed to produce eggs.  According to 

Khairani et al. (2016), who observed that feed conversion 

is influenced by feed consumption and egg mass such that 

if there is an increase between them, the feed conversion 

values will remain balanced. The feed conversion of 

laying quail rations at the age of 7-11 weeks in treatment 

D (15% CPF) was determined to be in the ratio is 3.67.  

The effect of utilization of CPF in laying quail on the 

quality off egg presented in table 4. The effect of 

utilization of CPF in the diet on egg weight did not differ 

notably, ranging from 10.20-10.31 g/egg. According to 

Nuraini et al. (2017b) laying quails aged 7-15 weeks have 

an egg weight ranging from 10-12 g /egg. This result is 

similar to the results obtained by Al-Daraji et al. (20) who 

reported that the average egg weight of quail (Coturnix-

coturnic japonica) ranged from 9.40-11.13 g/egg when fed 

6% linseed in the diet.   

Increasing CPF in quail rations can reduce egg yolk 

cholesterol. Utilization of CPF up to the level of 20% 

decreased by 20.30% compared to treatment A without the 

addition of CPF. Cocoa pods fermented with Pleurotus 

ostreatus contain lovastatin compounds. Ramakrishnan et 

al. (2017) stated that lovastatin compounds can inhibit the 

formation of cholesterol. The mechanism of action of 

lovastatin can inhibit the action of the HMG-CoA 

reductase enzyme, which acts to synthesize mevalonate 

where mevalonate is needed for cholesterol synthesis, thus 

cholesterol production is reduced. Cholesterol levels 

obtained in this study are lower than the finding of the 

Ukachukwu et al. (2017) that quail egg yolk has 

cholesterol level higher than chicken egg yolk. In 1 g of 

the quail egg yolk have the total cholesterol, HDL and 

LDL concentrations (6.79; 3.95; and 1.80 respectively) 

were significantly higher compared to their concentrations 

(4.03; 1.84 and 0.40 respectively) in 1 g of chicken egg 

yolk. 

The utilization of CPF in the diet can reduce the fat 

content found in quail egg yolks. The low content of egg 

yolk fat in treatment E compared to treatments A, B, C and 

D is related to the use of fermented cocoa pod which is 

mostly used in treatment E, which is 20% (more CPF in 

the diet is associated with lower egg yolk fat in the quail 

content), because of the fermented product content of 

lovastatin. In this research egg yolk obtained using a 

mixture of cocoa pods and tofu waste, fermented with 

Pleurotus ostreatus to the level of 20% in the quail diet 

was 27.98%. Egg yolk fat can be affected by crude fiber in 

the diet. The crude fiber content increased from treatment 

A (0% CPF) to treatment E (20% CPF) in the quail diet, 

but this increase was still within the specified limits.           

 

CONCLUSION 

 

It can be concluded that the utilization of a mixture of 

cocoa pods and tofu waste which is fermented by 
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Pleurotus ostreatus at the level of 15% in diet of laying 

quail can effect on feed consumption, egg production, egg 

mass and feed conversion, egg yolk cholesterol and egg 

yolk fat.   
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ABSTRACT 
Rice bran (RB) was used as a medium for the fermentation process because it contained complete nutrients necessary 

for the growth of microbes. The ability to induce a fermentation substrate by microbes dependent on the availability 

of an inducer in the medium. The enzyme activity would increase when a suitable inducer was in the medium. In 

order to increase protease and cellulase activities of Rhizopus oligosporus in processing Cassava Leaf Meal (CLM), it 

was necessary to add CLM in medium producing an inoculum Rhizopus oligosporus. This study was conducted in a 

completely randomized design with 4 treatments and 5 replications. The treatments were ratios of RB to CLM as 

follows: 100:0% (A), 90:10% (B), 80:20% (C), and 70:30% (D). The observed variables were protease activity, 

cellulase activity, dry matter content, organic matter content and the total colony of Rhizopus oligosporus 

numerically. The different ratios of RB to CLM significantly affected protease and cellulase activities as well as the 

content of dry matter and organic matter. The addition of 10% CLM to the RB medium increased protease and 

cellulase activities and reduced dry matter and organic matter contents. However, when more than 10% CLM was 

added, it reduced the protease and cellulase activities and increased dry matter and organic matter content. The 

highest total colony of Rhizopus oligosporus was numerically in treatment B (90:10% of RB to CLM ratio). The 

appropriate ratio of RB to CLM mixture as the inoculum of Rhizopus oligosporus, based on their enzyme activities, 

dry matter, and organic matter contents, and the total colony was 90:10% (treatment B).  
 

Key words: Cassava leaf meal, Enzyme activity, Inoculum, Rhizopus oligosporus, Rice bran. 
 

 

INTRODUCTION 
 

Cassava leaf flour (CLM) has the potential to be used as 

an alternative feed ingredient. Judging from its 

availability, CLM is quite widely available.  Cassava leaf 

flour is obtained as waste material when harvesting 

cassava roots from cassava plants. Cassava production in 

West Sumatra reaches 201,833 tons, in Indonesia 

19,341,233 tons (Statistics of Indonesia, 2018).This 

cassava plant was cultivated on an area of 792,952 Hectare 

(Ha) or 0.8 million Ha (Statistics of Indonesia, 2018). The 

production of fresh cassava leaves per Ha was between 7 

to 15 tons by Sudaryanto et al., 1982 in Yuniza et al., 

(2016). From the area of cassava plantation and cassava 

leaf production per hectare, the availability of fresh 

cassava leaves as animal feed was plentiful, ranging from 

5.6 to 12 million tons or about 1 to 2 million tons under 

dry conditions per year. If only 1 million tons of dried 

cassava leaves was used as chicken feed, this amount 

could be estimated to feed up to 274 million laying hens 

per year when the cassava leaves were included 8% in the 

ration. 

The potential of CLM as an alternative feed 

ingredient in terms of nutritional content. The nutritional 

content of CLM is as follows: dry matter (DM) 25.30%, 

crude protein (CP) 25.1%, crude fiber (CF) 11.4%, crude 

fat 12.7%, nitrogen retention 46 , 1% and 9.1% ash  

(Iheukwumere et al., 2008). On the other hand, CLM has a 

limiting factor as alternative feed ingredients. The use of 

CLM in broiler chicken rations can only be used up to 5% 

because utilization of up to 10 and 15% can reduce the 

efficiency of feed use (Wyllie and Chamanga, 1979; 
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Melesse et al. 2018). The use of CLM in broiler chicken 

rations is still limited due to high CF, tannins, HCN, 

alkalis, low digestibility (Ravindran et al., 1986) and 

deficiency of amino acids containing sulfur, especially 

methionine (Eggum, 1970). Therefore, the use of CLM 

was still limited. In order to further increase the amount of 

CLM in poultry rations, the physical, chemical and 

biological fermentation must be carried out.  

The biological fermentation by using microbes is a 

process of the activity of microorganisms or microbes that 

can produce the product whose texture, flavor, smell and 

nutrient quality change better than that of the raw material 

(Mirnawati et al., 2019a; Mirnawati et al., 2019b; Dewi et 

al., 2019; Mirnawati et al., 2018; Mirrnawati et al., 2017; 

Adrizal et al., 2017; Mirnawati et al., 2013; Rizal et al., 

2013; Rizal et al., 2012;  Mirnawati et al., 2012; Aisjah 

and Abun, 2012;  and Mirnawati et al., 2010). According 

to Sugiharto (2019), solid-fermentation using fungi could 

be a simple method to improve the nutrient qualities of 

cassava pulp and thus increased the production of such a 

cheap agro-industrial by-product in chicken rations. 

According to Han et al. (2003), Rhizopus oligosporus 

produced protease, lipase, alpha-amylase, glutaminase, 

and alpha-galactosidase and (Dewi, 2015) found that 

Rhizopus oligosporus also produces cellulase. The 

presence of these enzymes were expected to reduce the 

anti-nutrients and toxins contained in CLM and also 

increase their nutritional values (Sumiati et al., 2011), thus 

increasing the use of CLM in broiler chicken rations. 

To increase the productivity of Rhizopus oligosporus 

in producing hydrolytic enzymes (protease and cellulase) 

and to increase the enzyme activities, it was necessary to 

produce Rhizopus oligosporus starter or inoculum from 

Rice Bran (RB) and CLM mixture as an inducer. 

Therefore, the ability of hydrolytic enzymes for the 

degradation of CP and CF of CLM supposed to increase. 

The addition of CLM to the inoculum as an inducer should 

accelerate the adaptation phase and increase the 

productivity of Rhizopus oligosporus hydrolytic enzymes.  

Rhizopus oligosporus would be able to synthesize the 

necessary enzymes required for metabolism according to 

the availability of inducer in the starter (Kurnia, 2010; 

Purkan et al., 2016). The addition of CLM as a substrate in 

the production of Rhizopus oligosporus inoculums could 

accelerate the adaptation phase (Soeprijanto et al., 2008 

and Zakaria et al., 2013).  

Therefore, the purpose of this study was to 

investigate the appropriate ratio of RB to CLM mixture 

that will be utilized for producing inoculum of Rhizopus 

oligosporus. 

MATERIALS AND METHODS 

 

Experimental design 

This experiment was conducted in a complete 

randomized design with 4 treatments and 5 replications. 

The treatments were the combination ratio of RB to CLM 

including 100:0% (A), 90:10% (B), 80:20% (C), and 

70:30% (D). These combinations of RB and CLM 

mixtures were fermented by using Rhizopus oligosporus at 

the dose of one test tube for 100 gram (g) dry matter and 

2-day fermentation length. 

 

Measured variables 

These measured variables wereprotease and cellulase 

activities as well as dry matter and organic matter 

contents, and the numericalcalculation ofthe total colony 

of Rhizopus oligosporus in each treatment. 

 

Data analysis 

All the data were analyzed by analysis of variance of 

complete randomized design. The differences among 

treatment means were detected by Duncan’s Multiple 

Range Test or (DMRT) according to Steel and Torrie 

(1980). 

 

Preparation of Cassava Leaf Meal sample 

After harvesting the tuber roots, cassava leaves were 

taken from two-third of the entire leaves from the an 

teriorside. Cassava leaves were dried under the sun and 

then milled in a two mm screen. 

 

Propagation of fungi 

Eight g of Potato Dextrose Agar or (PDA) was 

weighed and placed into the glass cup and added with 200 

milliliter (ml) of distilled water and heated on the hotplate 

with constant stirring until it was limpid. This PDA 

solution was poured into 30 test tubes (each test tube 

contained 5 ml solution) and covered with cotton and 

aluminum foil, then sterilized by using an autoclave at 2 

atmosphere (atm.) pressure and 121
0
C for 15 minutes. 

Other inoculation pieces of equipment (one needle, one 

mask, one glove) were also sterilized. They were chilled in 

laminar flow while UV light was turned on a tilted 

position until solid. Rhizopus oligosporus was inoculated 

by using sterile needle against tilted PDA medium in a 

sterile environment. Then, the inoculated PDA medium 

was sealed in test tubes with cotton and aluminum foil and 

incubated for 36 hours in an incubation container in 

flowing air under facultative anaerobic condition. 
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The starters were weighted according to the 

treatments [ratios of RB to CLM were 100:0% (A), 

90:10% (B), 80:20% (C) and 70:30% (D)]. To each starter 

was added 65 ml of water (until the moisture content was 

45%) and homogenized, and then these starters and 

minerals were prepared according to Brook et al. (1969). 

The composition of nutrients included Urea 7.5 g, MgSO4 

7 H2O 0.375 g, FeSO4 7 H2O 0.15 mg, ZnSO4 7 H2O 

0.15 mg, MnSO4 4 H2O 0.15 mg, KH2PO 1.5 g, and 

thiamine hydrochloride 18.75 mg, which had dissolved in 

100 ml equates. The mixture was used, 5 ml in 100 g 

subtract were sterilized using autoclave at 2 atm. pressure, 

temperature 121
0
c for 15 minutes, and chilled in laminar 

flow. Rhizopus oligosporus in the PDA medium was 

inoculated in laminar flow into each starter and then was 

incubated in facultative anaerobe over a period of 36 

hours. 

 

Determination of Enzyme Activity 

Crude enzyme extract 

10 g of inoculum sample was weighed and then 

immersed in 90 ml of 0.05 M phosphate buffer at pH 7 in 

250 ml of Erlenmeyer and inserted into the incubator 

shaker for 2 hours at 27
0
C at 100 round per minute (rpm). 

Afterwards, the solution was filtered and the filtrate was 

taken out, and then was centrifuged at a speed of 5000 rpm 

for 15 minutes, thus the supernatant was taken out as a 

crude enzyme extract for the purposes of analyzing 

enzyme activity by the following methods. 

 

Protease activity 
 

One percent casein solution was pipette up to 2.5 ml 

and phosphate buffer (0.1 M pH 7) was pipetted up to 1.5 

ml and then placed into a test tube and then mixed by 

using a vortex, then was incubated in a water bath at 37
0
C 

for 10 minutes. One ml of crude enzyme extract was added 

and then incubated for 10 minutes in a water bath at 50 
0
C. 

To obtain the blank, enzyme activity was stopped by 

adding 5 ml of 20% TCA solution, then mixed by using a 

vortex and then refrigerated for 30 minutes to agglomerate 

the protein. On the other hand, the sample was centrifuged 

at 5000 rpm for 15 minutes at 4
0
C, then filtered and the 

supernatant was taken. Furthermore, two ml of supernatant 

was pipetted into the test tube and 0.5 ml of NaOH up to 5 

ml and folinciocalteu reagent was added to 0.5 ml and then 

allowed to stand for 10 minutes. Furthermore, the 

absorbance was measured using a spectrophotometer at a 

wavelength of 650 nm. According to Henriette (1993), the 

calculation is done with the following equation; 

Activity of protease enzyme (U/ml) = (Y x a)/b x 1/t 

Y = Absorbance of sample 

a= the a value of the regression curve Y: a + bx 

b= value b of the regression curve Y: a + bx 

t= incubation time 

Casein regression curve = y = 0.031x + 1.136R² = 

0.986  

 

Cellulase activity 
 

One ml crude enzyme extract was pipetted and added 

one ml (0.5 ml CMC + 10 ml phosphate buffer) and then 

poured into the microtube, and incubated for 30 minutes at 

40
0
C in a water bath shaker. Then one ml of this mixture 

solution was taken out and poured into the test tube, and 

then one ml of Nelson AB (25 ml Nelson A and one ml 

Nelson B)was added. Nelson A was consisted of 2.5 g of 

Na2CO3, 2 g of NaHCO3, 2 g of NaSO4, 2.5 g of 

KNaCaH4O6. 4H2O and 100 ml of distilled water. Nelson 

B was consisted of 75 g of COSO4 and one drop of 

H2SO4. Thus, the mixture was heated in boiling water for 

20 minutes, and after the solution got cold, one ml of 

phosphor-molybdate and seven ml of distilled water were 

added. The absorbance was measured by using a 

spectrophotometer Simadzu 1800 from Kyoto, Japan at a 

wavelength of 575 nm (Nelson, 1994). The calculation is 

done with the following equation; 

 

Cellulase activity (U / ml) = (X × P × 1000) / (T× M) 

X  = the result of standard curve conversion 

P  = Dilution 

T  = Time 

BM = Molecular weight of glucose 

Glucose standard curve =y = 0.045x - 0.010 R² = 

0.994 

 

Calculation of Total Colonies  

The total colonies were calculated by the Pour Plate 

Method (Putri and Kurnia, 2018). The counting of the 

colonies had tube sterile from the beginning to the end. All 

equipments were moistened with 70% alcohol. In addition, 

the process was carried out near a flame to reduce or 

prevent microbial contaminants to the equipment and 

media. The calculation of whole colony was startedwith 

the productionof physiological solutions. In the first step, 

oneg of sample was mixed with nine ml of distilled water, 

then it was homogenized. One ml of this solution was 

taken with a micropipette and added to nine ml of distilled 

water to obtain a 1:10 dilution. The solution of 1:10 

homogenized dilutions was taken as much as one ml and 

then poured into a test tube with nine ml of distilled water 

to made a 2:10 dilution, and the same procedure was used 
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to prepare the solution until 10:10 dilutions. In the next 

process, media plate count agar was made using Potato 

Dextrose Agar (PDA) solution. The PDA solution was 

sterilized together with Petri dishes and other equipment 

by using an autoclave at a pressure of 2 atm., 121 
0
C for 

15 minutes. Then, 0.1 ml of the physiological solution 

from the dilution tube (10-6) was pipetted into a sterile 

Petri dish, after which the PDA solution was poured under 

warm conditions. It was also placed on a flat table and 

gently shaken like the number eight. This procedure was 

also repeated for physiological solutions resulting from 

dilutions of 10-8 and 10-10. All planted Petri dishes were 

labeled and sealed with stretch film. All Petri dishes were 

incubated for 24 hours in an incubator jar. After the 

incubation, the fungi colonies were observed and counted 

using a colony counter. Total colonies were calculated 

according to Standard Plate Count (SPC). Several colonies 

that had been assembled from a large collection of 

colonies counted as one colony, and a row or chain of 

colonies considered as a combined row were also counted 

as a colony. The amount per gram colony was determined 

using the equation according to Sukmawati and Hardianti 

(2018). 

       
 

  
 

 

 

N  = total colony per gram of sample (CFU/g);  

n  = Number of colonies counted in the colony 

counter  

ƒP  =Dilution factor of the sample (initial dilution × 

amount of colonies grown) 

 

 

RESULT 
 

The effect of RB and CLM ratios in the production of 

Rhizopus oligosporus inoculum on their protease and 

cellulase activities, total colony, and dry matter and 

organic matter contents were shown in table 1. The effect 

of ratios and RB to CLM for producing inoculum of 

Rhizopus oligosporus on protease activity was statistically 

significant (p < 0.05). The highest protease activity was 

found in treatment B (9.84 U/ml), in which it was not 

different from treatment C (9.90 U/ml), and treatment D 

(9.79 U/ml) but it was different from treatment A (9.13 

U/ml)  

The effect of the ratio of RB and CLM to produce 

the inoculum Rhizopus oligosporus on cellulase activity 

was statistically significant (p < 0.05) (table 1). The 

highest activity of cellulase was at treatment B (1.50 

U/ml). It was not different compared to treatment C (1.51 

U/ml), D (1.52 U/ml), but it was different from treatment 

A (1.38 U/ml). The ratio of RB to CLM for assembling the 

inoculum of Rhizopus oligosporus significantly affected 

the dry matter content (p < 0.05). The lowest dry matter 

content was found in treatment B (91.63%). It was 

different from treatments A (92.67%), C (92.59%) and D 

(92.94%). Meanwhile, treatments A, C, and D were not 

different. The effect of the ratio of RB and CLM to 

produce an inoculum of Rhizopus oligosporus on the 

content organic matter was statistically significant (p < 

0.05). The lowest organic matter content was found in 

treatment B (76.48%), but it was not different compared to 

treatment C (77.66%). Whereas, this treatment was 

different from treatments A (78.55) and D (79.00%).   

 

 

Table 1. The effects of the ratios of Rice bran and Cassava leaf meal for producing Rhizopus oligosporus starter, on their 

protease and cellulase activities, and the content of dry matter, organic matter, and the numerical form of total colony, in the 

Non-Ruminant Nutrition Laboratory, at the Faculty of Animal Science, Andalas University, Padang, Indonesia.  

Ratios of Measured Variables 

RB:CLM 
Protease activity 

(U/ml) 

Cellulase activity 

(U/ml) 
Dry matter (%) 

Organic matter 

(%) 

Total colony 

(CFU/g) 

A (100:0) 9.13b 1.38 b 92.67a 78.55a 0.77x1010 

B (90:10) 9.84a 1.50a 91.63b 76.48b 3.00x1010 

C (80:20) 9.80 a 1.51 a 92.59a 77.66b 2.08 x1010 

D (70:30) 9.79 a 1.52 a 92.94a 79.00a 1.03x1010 

Standar error 0.02 0.01 0.17 0.30 
  a, b = Different superscripts at the same columns indicates significantly different effects (p < 0.05). U/ml = Unit/ milliliters (%): percentage.  (CFU/g) = colony 

forming unit/ gram. RB:CLM = Rice bran: Cassava leaf meal. 
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DISCUSSION 

 

The activity of protease 

The highest protease activity was founded by the 

addition of cassava leaves as a source of protein up to 

10%. Although increasing the addition of cassava leaves 

up to 20% and 30% did not significantly alter the activity 

of the protease, it decreased numerically since the addition 

of 10% inducer reached optimal. Thus, if the addition of 

the inducer was increased, it did not increase the protease 

activity, but reduced it. The protease activity increased to 

an optimal level according to the inducer contained in the 

substrate in the starter. According to Kurnia (2010), the 

protease activity increased to optimal level depending on 

the inducer contained in the substrate in the starter. 

The mechanism of increasing protease activity in 

accordance with the available inducer to the optimal point 

was that cassava leaves would bind to the repressor protein 

as an available inducer so that the repressor protein 

underwent allosteric changes that could change its shape 

and cause the repressor to cease the ability to bind to the 

operator. As a result, the RNA polymerase could copy the 

genes required for cassava leaf degradation so that the 

Rhizopus oligosporus could synthesize the enzymes 

necessary to degrade the available inducers. In this case, 

cassava leaves were used as a source of protein because 

the abundant crude protein content was 21.59%.  

The table 1 indicated that the increase in the addition 

of cassava leaves (inducer) was directly proportional to the 

high production of the enzyme protease. This stage lasted 

until the optimal inducer concentration, which was the 

addition of 10% of cassava leaves with an enzyme activity 

of 9.84 (U/ml). The addition of 20% and 30% of cassava 

leaves did not significantly increase the protease activity, 

but instead decreased it numerically since the addition of 

cassava leaves as an inducer had exceeded the optimal 

concentration. This excessive inducer concentration 

caused saturation of the protease enzyme productivity, 

thus inhibited the formation of enzyme complexes on the 

substrate (Purkan et al., 2016).  

 

The cellulase activity 

Cellulase activity increased to the optimum at the 

time of addition of 10% cassava leaves as an inducer, then 

there was no significant increase on addition of 20% and 

30% of cassava leaves. This happened because at the point 

of addition of 10% of cassava leaves had reached the 

optimal point of adding inducers, increasing the addition 

of inducers (cassava leaves) did not increase enzymatic 

productivity. According to Kurnia (2010), the activity of 

cellulase enzymes increased to the optimum point 

according to the inducers available in the substrate in the 

starter. The mechanism of increasing cellulase activity by 

adding an inducer of cassava leaves to the optimal point 

was that cassava leaves as an inducer will bind the 

repressor protein so that the repressor protein undergoes 

allosteric changes which can change its shape and cause 

the repressor can no longer bind to the operator. As a 

result, the RNA polymerase could copy the genes needed 

for cassava leaf degradation so that the Rhizopus 

oligosporus could synthesize the enzymes needed for 

metabolism. In this case, cassava leaves are used as fiber 

inducers because of the high CF content of 14.59%. 

In the table, it can be seen that the increase in the 

concentration of the inducer is directly proportional to the 

high activity of cellulase. This lasted until the optimum 

point of adding 10% inducer (cassava leaves) with enzyme 

activity (1.50 U / mL), then at an increase of 20% and 

30%, there was no significant increase in cellulase 

activity. This happens because, the addition of an inducer 

of more than 10% causes saturation in the productivity of 

cellulase enzymes, because the concentration of the 

inducer is too large to inhibit the formation of enzyme 

complexes on the substrate, so that enzyme production 

does not run optimally (Purkan et al., 2016). 

 

Dry matter content 

The low dry matter content at treatment B was due to 

the high protease activity in this treatment, in which it 

hydrolyzed the protein of the substrate. Thus, the dry 

matter content of the substrate was reduced. The decrease 

in dry matter after fermentation was an indicator of the 

success of fermentation, as the retaining of dry matter in 

the fermentation process was affected by the use of 

nutrients from the substrate (dry matter) by microbes as a 

source of carbon, nitrogen and minerals, and the release of 

CO2 and energy in the form of heat that evaporated with 

water particles. According to Astuti et al. (2017), the 

fermentation process could result in a reduction in the 

amount of dry matter. The water molecule was formed 

through a catabolic process that remodeled complex 

compounds into simpler materials 

 

Organic matter content 

The high and low content of organic matter in the 

treatment was caused by microbial activity in the 

fermentation process, which caused the breakdown of the 

substrate content, whereby microorganisms could easily 
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digest organic matter. The fermentation of organic 

substances in the form of glucose, alcohol, and amino 

acids led to changes that affecting the nutritional value. 

According to Astuti et al. (2017), the fermentation process 

carried out by microorganisms, so that the carbohydrates 

were converted into alcohol, organic acids, water, and 

CO2. The use of tofu waste in addition to nitrogen sources 

was also a source of carbohydrates for microbes used in 

the fermentation, which causes an increase in water 

content and leaded to the loss of organic matter. 

 

Total colony  

The total colonies of Rhizopus oligosporus in 

treatment A (0.77x10
10 

CFU / g), B (3.00x10
10

 CFU / g), C 

(2.08x10
10

 CFU / g), and D (1.03x10
10

 CFU / g) differ 

numerically. The highest total of Rhizopus oligosporus 

colonies in treatment B was due to the availability of 

inducers needed to synthesize enzymes by Rhizopus 

oligosporus, so that the entire colony became stable and 

continued to grow (Kurnia, 2010). Conversely, too much 

inducer concentration inhibited the formation of substrate 

enzyme complexes, so that enzyme production was not 

optimal. It also disrupted the stability and growth of the 

colony (Purkan et al., 2016). 

 

CONCLUSION 

 

The best ratio of rice bran and cassava leaf meal for 

producing the inoculum of Rhizopus oligosporus, based on  

the enzyme activities, the dry matter and the content of 

organic matter, and the whole colony was 90% rice bran 

and 10% cassava leaves (B treatment). 
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ABSTRACT 
Velogenic Newcastle disease virus (VNDV) shows systemic dissemination and  it affects the histological structure 

and function of the kidneys. Present study is an novel attempt to correlate the changes in renal biochemical functions 

and gene expression of different inflammatory cytokines with related renal pathology induced by VNDV in 

experimentally infected broilers in different ages. One hundred broiler chickens were divided into 4 groups: group 1 

served as control (non-infected group), and groups 2, 3 and 4 were inoculated with 106 EID50 of NDV on the 10th, 20th 

and 30th days of age, respectively. Serum samples were collected to evaluate uric acid and creatinine levels. Kidney 

specimens were collected for virus detection using real time RT-PCR, evaluation of gene expression of IL-6 and IFN-

γ as well as histopathological, histochemical and immunohictochemical analysis. The highest concentration of uric 

acid and creatinine profile were found in Group 4 (12.06 ± 1.25 and 2.16 ± 0.12, respectively) on 7 dpi. IL-6 and 

IFN-γ were significantly elevated at the 7th dpi in Group 4 compared to other infected groups. The renal 

histopathological lesions included tubulointerstitial nephritis and glomerulopathy with expression of virus antigen in 

different areas of renal tissue. histopathology was the hallmark of VNDV infection in broiler chickens; their severity 

was related to the increased expression of inflammatory cytokines genes (IL-6 and IFN-γ) and virus antigen residence 

in renal tissue. 
 

Key words: IL-6, IFN-γ, Immunohistochemistry, Nephropathy, Velogenic NDV 
 

 

INTRODUCTION 

 

Newcastle disease (ND) is widespread disease  and it 

affects several species of birds and causes severe losses in 

the poultry sector. Newcastle disease can drastically limit 

the amount of dietary protein and also damage the 

microeconomy  of poultry farms (Cattoli et al., 2011; 

Sultan etal 2020). 

Non-virulent NDVs have the typical a virulent 

cleavage motif, 
112

R/G-R/ K-Q-G-R
116

, with a leucine 

(L
117

) at the N terminus of the F protein after cleavage 

(F1), which is only susceptible to trypsin-like enzymes 

that were limited to specific tissues such as those in 

respiratory and digestive tracts, causing localized 

infection. On the other hand, the virulent NDVs have a 

virulent cleavage motif, 
112

R/K-R-Q-R/K-R
116

, and 

phenylalanine (F
117

) at the N terminus of F1, which 

enables them to infect the host leading to systemic 

dissemination of virulent strains of NDV in different host 

tissues by acquiring susceptibility to furin or other 

ubiquitous intracellular host cell proteases (Nagai, 1993; 

De Leeuw et al., 2003). For many decades, ND has been 

facing problems and losses due to outbreaks of the disease 

despite the research and efforts made to have control and 

possible eradication. The wide variation of clinical signs 

and lesions, in addition to absence of pathognomonic 

clinical signs and lesions, make diagnosis very difficult 

(Okorie-Kanu et al., 2016). 

Renal lesions induced by NDV have been reported in 

several avian species as in turkeys in which the presence 

of viral antigen was observed in a number of 

parenchymatous organs and not just at mucosal surfaces, 

reflecting systemic spread (Piacenti et al., 2006). 

However, few literatures were interested in renal lesions in 
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NDV infections, and limited studies have addressed the 

relationship between histopathological alterations in 

chicken kidney tissues and NDV replication (El-Bahrawy 

et al., 2017). 

Among avian species, chickens showed more 

susceptibility and renal histopathological alterations as 

previously stated in a comparative study with waterfowl 

which presented more prominent lesions. The pathological 

lesions were characterized by proliferations of the ectopic 

lymphoid tissues and tubulointerstitial nephritis with 

detection of viral nucleoprotein in degenerated renal 

tubules (Anis et al., 2012).   

Present study aimed to investigate the gene 

expression of inflammatory cytokines genes and renal 

pathology induced by NDV infection in broiler chickens 

receiving no NDV vaccine during rearing, from an early to 

a late phase of infection and to detect the viral antigens 

residence in the renal tissue. 

 

MATERIALS AND METHODS 

 

Virus  

Velogenic NDV genotype VII (NDV-B7-RLQP-CH-

EG-12) local strain isolated from Kafr El-Sheikh 

Governorate, Egypt was kindly provided by National 

Laboratory for Veterinary Control on Poultry Production, 

Animal Health Research Institute. Phylogenetically, the 

virus was characterized as velogenic VII which isolated by 

sequencing of F gene partially around the cleavage site 

and the sequence was deposited in Gen Bank with 

Accession Number KM288609. 

 

Infectivity titration in Embryonated chicken egg 

The NDV virus suspension was titrated on 9
th

 and 

10
th

 days of inoculation. 10 fold serial dilutions of the 

virus in saline containing antibiotic were prepared. Virus 

suspension was inoculated in 5 embryos for each dilution 

via allantoic sac (0.1 ml per egg). The inoculated embryos 

were incubated at 37°
C
 and candled twice a day for 6 days. 

On first day, the dead embryos were considered 

nonspecific deaths. Haemagglutination (HA) was applied 

to the allantoic fluid of inoculated chicken embryos to 

detect the HA-positive eggs. It was carried out according 

to the standard method described by Council (1971). For 

detection of haemagglutination in embryonic fluid, 10% of 

the washed chicken red blood cell suspension in saline 

were used. One drop of the fluid was mixed with one drop 

of blood suspension on glass slide and results were 

recorded within 2 minutes. The harvested allantoic fluid 

was used to determine the egg infectious dose 50 (EID50) 

according to Reed and Muench (1938) as 10
6
 EID50 to be 

used for infection of the chickens. 

 

Experimental design 

One hundred day old broiler chicks (Ross) were 

obtained from commercial poultry company. Chicks were 

kept in different (separated) rooms and were given water 

and feed ad libitum. All chicks were vaccinated against 

avian influenza H5N1 and infectious bursal disease virus 

on 10 days old and no vaccination for NDV was used. The 

birds were then randomly divided into four groups (25 per 

each) as follows: Control Non-infected (Group 1), infected 

group of 10-day old chicks (Group 2), infected group of 

20-day old chicks (Group 3) and infected group of 30-day 

old chicks (group 4). The infected groups were inoculated 

intraocular with a dose 10
6
 EID50 of NDV (in a total 

volume of 0.1 ml). Three chickens from each group were 

sacrificed on the 1
st
, 3

rd
, 5

th
 and 7

th
 days after inoculation 

(dpi).  

 

Serum biochemical analysis 

Serum was obtained by collecting blood samples 

without anticoagulant in a sterile test tube and kept for 

biochemical analysis. Serum uric and creatinine were 

determined in serum samples calorimetrically using 

commercial diagnostic kits (Stanbio-laboratory,USA). 

supplied by Spectrum Diagnostics Company and measured 

according to the manufacturer's instructions (Tiffany et al., 

1972; Bowers and Wong, 1980). 

 

Real time RT-PCR for detection of virulent 

Newcastle disease 

PCR kit (Qiagen, Inc. Valencia CA, Cat. no. 204443) 

with specific primers and probes designed by Wise et 

al.(33) supplied from Metabion (Germany). Primers were 

(F+4839) 5′- TCC GGA GGA TAC AAG GGT CT-3′, (F-

4939) 5′- AGC TGT TGC AAC CCC AAG-3′ and probe 

was (F+4894) 5′- [FAM] AAG CGT TTC TGT CTC CTT 

CCT CCA[TAMRA] -3′. 

RNA was extracted from tissue samples using 

RNeasy minikit (Qiagen, Germany, according to the 

manufacturer’s recommendations). NDV specific primers 

were utilized in a 25μl reaction containing 12.5 μl of 

Quantitect probe rt-PCR master mix (Qiagen, Germany, 

GmbH), 0.5 μl of each primer of 50pmol concentration, 

0.125 μl of the specific probe, 4.125 μl of RNase Free 

Water, 0.25 μl of QuantiTect RT Mix and 7μl of RNA 

extract. The reaction was recorded by a Stratagene 

MX3005P real time PCR machine (Stratagene Co, USA). 

The reserve transcription step was performed at 50˚C for 
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30 min followed by 15 min at 95˚C as primary 

denaturation, while the cycle protocol was 40 cycles of 

three successive steps; 94˚C for 30 sec., 52˚C for 30 sec 

and 72˚C for 10 sec. 

 

Profiling of cytokine gene expression 

 Total RNA was extracted from kidneys' tissue from 

infected groups at 7 dpi using an RNeasy Mini RNA 

Purification Kit and RNase-Free DNase Kit (QIAGEN) for 

RNA purification according to the manufacturer’s 

instructions. The expression of different cytokines was 

quantified by reverse transcription real-time PCR (RT-

PCR) using relative quantification. The primers and 

probes used in this study have been described previously: 

IL-6, IFN-γ and 28srRNA (13) and have been described in 

table 1. 

Quantitative real-time RT-PCR was performed using 

Quantitect probe RT-PCR (QIAGEN) according to the 

manufacturer’s recommendations. Real-Time RT-PCR 

was carried out using a 7500 Real-time PCR System 

(Applied Biosystems). PCR conditions were the same for 

each cytokine gene, as follows: 30 min at 50 C, 95 _C for 

15 min, followed by 40 cycles of 95 _C for 15 sand 60 _C 

for 1 min. 

Statistical analysis for fold changes in cytokine 

levels were determined by the ΔΔCt method (Livak and 

Schmittgen, 2001), using 28S ribosomal RNA as the 

endogenous reference gene to normalize the level of the 

target gene expression. 

 

Histopathological and histochemical examination 

Samples of kidneys were cut into 1 cm × 1 cm × 0.5 

cm and fixed in neutral buffered formalin 10%. 5µm 

sections were prepared and the slides were stained with 

Haematoxylin and Eosin (H&E) for histopathological 

examination using Olympus BX43 light microscope and 

captured using Olympus DP27 camera linked to Cellsens 

dimensions software (Olympus). Periodic acid-Schiff 

(PAS) and Masson's trichrome (MTC) staining were 

performed on selected tissue sections (Bancroft, 2013). 

 

Immunohistochemistry 

For immunohistochemistry, Paraffin blocks were 

collected at the 7
th 

dpi from different groups. NDV 

hyperimmune serum was prepared by series injection in 

rabbits (Samiullah et al., 2006). Antibody purification was 

performed using Magne™ Protein G Beads for Antibody 

Purification according to the manufacturer’s instructions. 

Tissue sections were obtained on Poly-L-Lysine coated 

slides, deparaffinized and rehydrated. Antigen retrieval 

step was performed by heat induction and blocking of non-

specific protein binding and endogenous peroxide was 

followed by overnight incubation in primary antibody 

(Rabbit anti NDV Ig previously mentioned) then incubated 

with horse radish peroxidase–conjugated goat polyclonal 

secondary antibody to rabbit Ig (SM802 EnVision™ 

FLEX /HRP). Colour was developed with 3, 32 -

Diaminobenzidine (DAB) substrate (DM827 EnVision™ 

FLEX DAB+ Chromogen) (Burns et al., 2005). 

Table 1. Real-time quantitative RT-PCR probes and primers 

RNA target  Probe/primer sequence (5′- 3′) Accession number 

28S 

Probe 
F 

R 

(VIC)-AGGACCGCTACGGACCTCCACCA-(TAMRA) 
GGCGAAGCCAGAGGAAACT 

GACGACCGATTTGCACGTC 

X59733 

IL-6 

Probe 
F 

R 

(FAM)-AGGAGAAATGCCTGACGAAGCTCTCCA-(TAMRA) 
GCTCGCCGGCTTCGA 

GGTAGGTCTGAAAGGCGAACAG 

AJ250838 

IFN-γ 

Probe 

F 
R 

(FAM)-TGGCCAAGCTCCCGATGAACGA-(TAMRA) 

GTGAAGAAGGTGAAAGATATCATGGA 
GCTTTGCGCTGGATTCTCA 

Y07922 

 

Table 2. Serum biochemistry profile of uric acid and creatinine of broiler chickens from different experimental groups at 1, 3, 

5 and 7dpi 

Groups 
Uric acid (mg/dl) Creatinine (mg/dl) 

1dpi 3dpi 5dpi 7dpi 1dpi 3dpi 5dpi 7dpi 

Group 1 2.63 ± 0.28a 2.83 ± 0.12 a 2.66 ± 0.17 a 2.93 ± 0.33 a 0.14 ± 0.01 a 0.15 ± 0.00 a 0.16 ± 0.03 a 0.17 ± 0.01a 

Group 2 3.33 ± 0.16 a 4.10 ± 0.32b 4.16 ± 0.44 a 4.90 ± 0.20 a 0.70 ± 0.05b 1.00 ± 0.15b 0.80 ± 0.05b 1.03 ± 0.08b 

Group 3 5.16 ± 0.38b 5.13 ± 0.18b 6.83 ± 0.60 b 7.33 ± 0.33 b 0.76 ± 0.08b 1.20 ± 0.05b 1.63 ± 0.17 c 1.86 ± 0.08c 

Group 4 7.73 ± 0.73 c 8.16 ± 0.60 c 9.33 ± 0.72 c 12.06 ± 1.25c 1.26 ± 0.06 c 1.56 ± 0.14 c 1.90 ± 0.05 c 2.16 ± 0.12d 

Values expressed as means ± Standard Error. Different superscripts a, b and c indicate a significant different between values within the same column. Group 1 

(control uninfected group), Group 2 (infected at 10 days old), Group 3 (infected at 20 days old) and Group 4 (infected at 30 days old). Significant values at p ≤ 
0.05. 
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Scoring system  

Scoring system for the renal lesions of NDV-

infected-tissues was done according to Hussein et al. 

(2018) with some modification. Briefly, it was as follows: 

0 = no changes; 1 =  few inflammatory cells infiltration in  

interstitial tissue; 2 = inflammatory cells infiltration and 

focal degeneration in renal tubules; 3 = inflammatory cells 

together with foci of necrobiotic changes in renal tubular 

epithelium and/or glomeruopathy; 4 = inflammatory cells, 

necrobiotic changes of the medullary epithelium and renal 

glomeruopathy. 

 

Statistical analysis 

Statistical analyses were performed using one-way 

factorial analysis of variance (ANOVA). Statistical 

significance was defined as (p ≤ 0.05) using SPSS 17. 

 

RESULTS 

 

Serum biochemical profile 

The mean values of serum uric acid and creatinine 

were summarized in table 2 and figures 1 and 2. The mean 

values of serum uric acid was significantly (p≤ 0.05) 

increased in the infected groups of 20 and 30 day old 

chicks at 1, 3, 5 and 7 dpi compared with the control non-

infected group as well as infected group at 10 days old 

(figure 1). The mean values of serum creatinine were 

significantly increased (p ≤ 0.05) with advancing age at 1 

and 3 dpi with no significant difference between the 

infected groups of 10 and 20-days old and the highest 

significant levels were detected in chickens of the 30-day 

old group at 1 and 3 dpi. The serum creatinine level was 

significantly increased at 5 and 7 dpi in all infected groups 

and the values significantly increased with advancing age 

(figure 2).  

 

 
Figure 1. Serum uric acid profile of  control and infected 

broiler chickens at 1, 3, 5 and 7 dpi  

 
Figure 2. Serum creatinine profile of control and infected 

broiler chickens at 1, 3, 5 and 7 dpi  

 

 Real-Time PCR and cytokine mRNA gene 

expression 

The PCR result confirmed the highest detection for 

VND in kidneys' tissues collected at 7 dpi was in group 4. 

(30 days-old) in comparison with groups 2 and 3 (10 and 

20 days-old). The gene expression of IL6 was significantly 

increased in Group 4 compared with groups 2 and 3. 

Meanwhile, no significant difference in gene expression of 

IFN-γ was detected in the infected 10-20-day-old chickens 

compared with the 30-day old group that conversely 

showed a significant higher expression of IFN-γ (figure  

3). 

 

 
Figure 3. Relative expression of cytokines in the kidneys 

of infected broiler chickens from different infected groups 

at 7dpi for IL-6 and IFN-γ. Error bars represent the 

standard error of the mean (n = 3). Significant values at p 

≤ 0.05. a, b and c above the error bar indicate a significant 

different between values within the same data series.  
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Histopathology and histochemistry 

Group 1 showed normal histological structure in all 

sacrifices which present cortical areas composed of closely 

packed nephrons and medullary cones (medullary tracts) 

containing collecting tubules, looped tubules of the 

mammalian nephrons, ureteral branches and a network of 

blood capillaries in interstitial connective tissue. At 1 dpi 

all infected groups presented vascular changes 

characterized by perivascular oedema and haemorrhage 

with congestion of peritubular capillary sinuses. Group 2 

and group 3 showed at 1 and 3 dpi mild to moderate 

necrobiotic changes. Meanwhile, Group 4 showed 

moderate necrobiotic changes admixed to focal interstitial 

nephritis at 1 dpi characterized by mononuclear and 

heterophilic cells infiltration (figure 4a). 

At 5 dpi, the inflammatory reaction was evident in 

all the infected groups with variable severity. Group 2 

showed focal pattern of interstitial nephritis, while groups 

3 and 4 exhibited multifocal to diffuse interstitial nephritis 

(figure 4b) mixed with glomerular changes. At 7 dpi, 

group 2 showed mild histoapthological alterations in 

which renal tubular epithelium showed necrosis with focal 

interstitial nephritis (figure 4c). Severe necrosis of tubular 

epithelium developed in groups 3 and 4 mixed with diffuse 

cortical interstitial nephritis (figure 4d and e).  Moreover, 

some examined sections from group 4 tended to show 

more severe lesions by extending the inflammatory 

reaction into the medullary cones (figure 4f) with mild 

cortical interstitial fibrosis.  

 

 
Figure 4. Histological kidney sections stained by H & E 

from infected broiler chickens. a: Group 4 at 1 dpi 

showing heterophilic interstitial nephritis (arrow). b: 

Group 3 at 5 dpi showing multifocal mononuclear cell 

aggregation (arrow). (c) Group 2 at 7 dpi showing mild 

mononuclear cells infiltration. d: Group 3 at 7 dpi showing 

diffuse mononuclear cells infiltration. e: Group 4 at 7 dpi 

showing diffuse mononuclear cells infiltration the renal 

cortex and necrosis of renal tubular epithelium (arrow). f: 

Group 4 at 7 dpi showing diffuse mononuclear cells 

infiltration in the medullary cone (arrow). 

At 7 dpi, kidneys from group 2 exhibited 

membranous glomerulopathy affecting few glomeruli. The 

lesion was characterized by thickening of glomeular 

basement membrane (figure 5a), whereas group 3 at 5 and 

7 dpi presented moderate number of glomerular changes 

characterized by membranous and proliferative 

glomerulopathy manifested by large sized glomeruli and 

hypercellularity due to the increase in the mesangial cells 

(figure 5b). Moving to group 4, glomerular changes started 

earlier at 3 dpi with membranous glomerulopathy, and 

many glomeruli showed proliferative glomerulopathy at 5 

dpi (figure 5c). Moreover, atrophy of glomerular capillary 

tuft (figure 5d) was observed in some glomeruli in group 4 

at 7dpi, whereas other glomeruli showed membranous 

glomerulopathy with mononuclear cells infiltration in the 

interstitial tissue (figure 5e). 

 

 
Figure 5. Histological kidney sections stained by H & E 

from infected broiler chickens. a: Group 2 at 7 dpi 

showing membranous glomerulopathy with thickening of 

glomerular basement membrane (arrow). b: Group 3 at 7 

dpi showing proliferativglomerulopathy characterized by 

enlarged glomeruli with glomerular hypercellularity 

(arrow). c: Group 4 at 5 dpi showing proliferative 

glomerulopathy that showed both glomerular 

hypercellurity and thickening of glomerular basement 

membrane. d: Group 4 at 7 dpi showing atrophy of 

glomerular capillary. 

 

The mild peritubular and interstitial fibrosis were 

detected in group 4 and was confirmed by MTC stain 

(figure 6a) by which the periglomerular deposition of 

delicate collagen fibers was noticed (figure 6b and c). 

Thickening of the glomerular capillary wall in different 

infected groups was positively stained by PAS stain. Also, 

the renal tubules showed destruction and loss of 

continuation of the apical brush border of the proximal 

convoluted tubules with decreased PAS staining affinity of 

apical borders of tubular epithelium (figure 6d and e). 
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Figure 6. Masson’s Trichrom stained sections  of infected 

broiler chickens from group 4 at 7 dpi. a: peritubular and 

interstitial fibrosis (arrow). b and c: showing 

periglomerular deposition of delicate collagen bundles 

(arrow). d: Periodic acid-Schiff stained sections of chicken 

from group 2 at 7 dpi highlighting the thickening of the 

glomerular capillary walls (arrows). e: PAS stained section 

from group 4 at 7 dpi illustrating the thickening of the 

glomerular capillary tuft (black arrow) with loss of 

continuation of the apical brush border of the proximal 

convoluted tubules (red arrow). 

 

Immunohistochemistry 

Group 1 showed negative peroxidase reaction for NDV 

antigen (figure 7a). At 7 dpi, expression of viral antigen 

was detected in several areas of the renal tissue; renal 

tubular epithelium d showed strong positive reaction of 

NDV antigen especially in the degenerated tubular 

epithelium (figure 7b). Medullary cone showed positive 

IHC reaction for NDV (figure 7c). Glomeruli of different 

infected groups exhibited positive expression of viral 

antigen in the capillary tuft (figures 7d and 7e). Some 

major ureter branches showed positive expression of the 

viral antigen in pseudostratified columnar epithelial lining 

(figure 7f). 

 
Figure 7. Immunohistochemical reaction of broiler 

chickens from different experimental groups at 7 dpi; a: 

Group 1 showed negative peroxidase reaction for NDV. b: 

Positive expression of the viral antigen lining epithelium 

of the degenerated tubules. c: Viral expression was 

detected in the medullary cones of the infected birds. d 

and e: Positive IHC for NDV was detected in the 

glomerular capillary tuft. f: Major ureter branches showed 

positive expression of the NDV in pseudostratified 

columnar epithelial lining. 

 

Histopathological lesions score 

The results of histopathological lesion score are 

summarized in table 3. All infected groups showed 

increased lesion severity (p ≤ 0.05) in all infected 

sacrifices when compared to group 1 (control group) 

which exhibited normal histological structure. Group 4 

showed the highest lesions scoring in all sacrifices 

compared to other infected groups and a significant 

difference between it and the other infected groups 

(Groups 2 and 3) at 1 and 5 dpi recording 1.73 and 2.4, 

respectively. At 7 dpi, the highest lesion scores were 

observed in all infected groups and no significant 

difference (p ≤ 0.05) was detected between group 3 and 

group 4 which scored 2.66 and 2.73, respectively (table 3).  

 

Table 3. Histopathological lesions score induced by NDV in the renal tissues of broiler chickens from different experimental  

groups at 1,3,5 and 7dpi  

Groups 1dpi 3dpi 5dpi 7dpi 

Group 1 00.00± 0.00 00.00± 0.00 00.00± 0.00 00.00± 0.00 

Group 2 1.00 ± 0.29 a 1.00 ± 0.13a 1.60± 0.19 a 2.06 ± 0.66 a 

Group 3 1.06± 0.20a 1.46± 0.16 b 1.86± 0.27 a 2.66 ± 0.33 b 

Group 4 1.73 ± 0.20b 1.80± 0.17b 2.40± 0.16b 2.73 ± 0.00b 

Values expressed as means ± Standard Error 

 

DISCUSSION 

 

As for NDV affecting broilers in developed and 

developing countries, massive economic losses occurred 

due to outbreaks in many localities (Cattoli et al., 2011). 

Until now, it has not been clear whether there is a specific 

host-cell protease responsible for cleavage of the different 

F0 proteins. Briefly, there is a correlation between 

virulence or pathogenicity and a high content of basic 

amino acid residues at the F0 cleavage site (De Leeuw et 
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al., 2003) which allows systemic distribution of virulent 

strains of NDV. 

Serum uric acid and creatinine levels are used mainly 

as markers of renal functions and indicators to different  

histopathological alterations of kidney (Sanders et al., 

1980). Serum uric acid level is the primary marker of renal 

functions in avian species (Tully et al., 2009). Increased 

serum levels of these parameters in the infected groups 

occurred due to severe kidney pathology that was detected 

in all infected groups. In addition, there was a correlation 

between increased serum level and the severity of renal 

pathology).  (table 2 and figures 1, 2, 4 &5).  These results 

confirmed that the developed nephropathy induced by 

NDV severely affects the kidney functions as confirmed 

by Najafi et al. (2014). Renal tubules necrobiotic changes 

may lead to hyperuricemia, as Okorie-Kanu et al. (2016) 

stated that over 80% of nitrogen excreted by birds are in 

the form of uric acid through tubular secretion. 

Meanwhile, Echols et al. (2006) mentioned that blood uric 

acid levels are mildly affected by the birds’ hydration 

status, but they reflect the functional capacity of the renal 

proximal tubules. Loss of renal function combined with 

water deprivation during the peak of clinical signs may 

enhance the effect (El-Bahrawy et al., 2017). 

IL-6 is a pro-inflammatory cytokine involved in 

acute-phase responses, immune regulation and 

hematopoiesis (Hirano, 1998). IL-6 plays a role in the 

activation of B and T lymphocytes, induction of 

macrophage production and development. Moreover, it 

acts synergistically with granulocyte-macrophage colony 

stimulating factor (GMCSF) (Wigley and Kaiser, 2003). 

Using real-time RT-PCR of RNA isolated from 

NDV-infected kidneys, we demonstrated that the virulence 

of NDV was increased in the older age indicating the 

increased rate of viral dissemination and replication in 

kidney tissue with advancing age. Thus, it interpreted the 

age related increase in inflammatory cytokines in renal 

tissue with subsequent severe nephropathy and 

inflammatory reaction that were detected in older ages of 

infected chickens. This result was agree with Rue et al. 

(2011) who mentioned that virulent strain of NDV is 

capable of rapid and strong releasing of IFN-γ and IL-6. 

Moreover,  Alexopoulou et al. (2001) characterized IL-6 

as an early innate response due to viruses. Furthermore, 

IFN-γ activate macrophage and modulat the immune 

system (De Mayer and De Mayer-Guinard, 1998). 

In our results, we early observe heterophils in renal 

intersitium in all infected groups.  This explained by Anis 

et al. (2012) who stated that avian heterophils are highly 

phagocytic and capable of a broad spectrum of 

antimicrobial activity, and they form the first line of 

cellular defense against invading pathogens. Additionally, 

in the present results, severe lesions occurred in kidney 

observed at a late phase of infection (5 and 7 dpi), and 

these were in agreement with previous report by Wen et al. 

(2016) who mentioned that nephritis developed as the 

virus invaded respiratory tract, replicated inside mucosal 

epithelial cell of the upper respiratory tract and digestive 

tract and then, right after infection, the virus spread 

through blood circulation to kidney. Lately, it has been 

observed that severe interstitial nephritis observed in our 

study was similar to Anis et al. (2012) who detected 

tubulointerstitial nephritis by the sixth dpi with associated 

NDV-NP–immunopositive staining in the degenerated 

renal tubules. The severe damage occurring in the kidney 

may be attributed to the direct effect of the viral 

replication in the renal tubular epithelial, which was 

confirmed by expression of the viral antigen in 

degenerated tubular epithelium by immunohistochemistry 

and confirmed by the increased gene expression of 

inflammatory cytokines in kidneys of infected chickens. 

Moreover, Vascular changes that occurred in the present 

study may be due  to the adjacent focal  inflammation as 

vessels adjacent to primary areas of infection can show 

some degrees of hyaline degeneration, which most likely 

due to intense exudation of proteins (Cattoli et al., 2011). 

The distribution of renal lesion in the present study 

was different depending on the age of infected chickens 

with increased distribution of renal glomerular, tubular 

and interstitial pathology with advancing age to involve 

both cortex and medullary cones. The susceptibility of the 

renal cortex and the medulla to NDV infection in birds are 

unknown as the pH is variable (Echols, 2006). 

Furthermore, species also varied in the susceptibility of 

renal infection. Anis et al. (2012) concluded that, in a 

comparison study between chickens and ducks, 

Tubulointerstitial nephritis was noticed only in chickens 

and the lesions dramatically developed at the late stage 

and did not subside until the 10
th 

dpi. In addition to the 

previously mentioned factors, age appeared to affect 

susceptibility to infection as older birds in our study 

showed more severe lesions compared with younger birds. 

This was confirmed by a previous related study on the age 

factor affecting severity of infection in immune organs. 

This result was in agreement with  Mohammed et al. 

(2019) and Mousa et al. (2019)  who concluded that the 

older chickens are more susceptible to infection with more 

developed histopathological alteration and more 

expression of viral antigen in the exposed tissues.  
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The glomerular changes, including 

membranoproliferative lesions, occurred in association 

with viral disease that proposes an immune complex–

mediated form of glomerulonephritis as we detected NDV 

antigen in glomerular tuft by immunohistochemistry. 

Membranoproliferative glomerular lesions were seen with 

neoplasia, autoimmune disorders, and persistent infections 

or other diseases producing prolonged antigenic 

stimulation including viral and bacterial infections (Maxie 

and Prescott, 1993; Wilson et al., 2010). Maxie and 

Prescott (1993) added that the glomeruli variably respond 

to the damage by cellular proliferation or thickening of the 

basement membrane.  

In our study, viral antigen was expressed in several 

areas of infected kidneys, similar results obtained by El-

Bahrawy et al. (2017) who stated that most 

immunostaining for NDV- NP was distributed in a 

multifocal pattern in the intact and vacuolated epithelium 

of proximal and distal tubules, in infiltrating macrophages, 

in some cells of reptilian-type glomeruli in the cortex, and 

in medullary cones mainly in the tubular epithelium and 

the infiltrating mononuclear cells. Moreover, Susta et al. 

(2011) stated that several epithelial cells in the distal 

tubules of the kidneys had positive signal for ND. 

 

CONCLUSION 

 

The present study showed an age-related difference in 

Newcastle disease virus replication and dissemination into 

renal tissue. Such difference is correlated with gene 

expression of inflammatory cytokines with subsequent 

increase of the severity of nephropathy with advancing age 

that dramatically affects renal function and reflects the 

health status of broiler chickens. These results highlight 

the importance of NDV as one of the diseases that could 

contribute to kidney affection in broiler chickens under 

field condition. Glomerulopathy developed in the infected 

birds showed a new feature of NDV which was increased 

with age.  
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ABSTRACT 
An experiment was conducted to see the broiler’s performance fed with fermented and unfermented betel nutshell. 

Harvesting betel nut seed leaved peel as a waste that contains some nutrients and active ingredients. This waste was 

useful for poultry feed, to maintain poultry performance and to reduce cholesterol. The aim of this research was to 

fermented betel nutshell waste with indigenous microorganism from a vegetable waste mixture that produced 

cellulase to reduce their crude fiber before feeding to the broiler. The nutrient profile and metabolizable energy of 

fermented betel nutshell in dry matter basis showed 15.96 % water, 84.04 % dry matter, 23.69 % crude fiber, 10.39 

% crude protein, 0.31 % crude fat, 2.60% calcium, 1.26 % phosphorus, and 1360,44 kcal/kg. In this experiment betel 

nutshell waste from a local farmer in Indonesia, and 80 birds from the broiler strain CP 707 from Charoen 

Pockphand were used. The experiment was conducted in a completely randomized design with different levels of 

fermented betel nutshell waste (0, 2, 4, and 6%) and 6 % of unfermented of betel nutshell waste in the broiler 

ration.  Each treatment was repeated four times.  The measured values included daily feed intake, daily weight gain, 

feed conversion, body weight, carcass content, abdominal fat pads, lipoprotein profile (total cholesterol, low-density 

lipoprotein (LDL), and high-density lipoprotein (HDL) in serum of broiler chikens. The results indicated that 

fermented betel nutshell waste significantly increased daily feed intake, daily body weight gain, carcass content, and 

decreased abdominal fat pad, total cholesterol, HDL, and LDL of broiler chickens, however did not affect the feed 

conversion. The fermentation of betel nutshell waste with indigenous microorganism from vegetable waste mixture 

could be used up to 6 % in the broiler ration and had a positive effect on performance, blood serum lipoprotein, and 

carcass quality of broiler chickens. 
 

Key words: Betel nutshell waste, Broiler, Crude fiber, Fermented betel nutshell waste, Performance 
 

 

INTRODUCTION 

 

The broiler is one of the potential livestock to meet the 

demand for animal protein in Indonesian society. The 

consumption of chicken meat increases from year to year. 

According to Livestock and Animal Health Statistics 

(2018), broiler meat production on 2016 was 1.905.497 

tons, on 2017 it was 2.046.794 tons and on 2018 it was 

even 2.144.013 tons. The high consumption of broiler 

meat in Indonesia due to the price of broiler meat was 

cheaper than local chicken meat and beef. The poultry 

industry needed food availability on a continuous basis. 

 Indonesia still imports some poultry feeds such as corn, 

soybean meal, and fish flour. According to ID Indonesia 

(2015), Indonesia was the country in the Southeast Asia 

region that bought soybean meal in the largest amount, in 

the 2013/2014 period, the top four soybean meal importers 

in Southeast Asia were Indonesia (4 million tons), 

Vietnam (3.3 million tons), Thailand (2.7 million tons), 

and Malaysia (1.6 million tons). On 2017 corn was 

imported from Indonesia at 360.355 tons, and it reached to 

481.471 tons on 2018 (Situmorang, 2018). Import feed 

increased feed costs in the poultry industry, so Indonesia 

should look foralternative feeds to increase the availability 

of poultry feed and reduce imported feed. In addition to 

the diet that could reduce fat and cholesterol in broiler 

meat, which was important to the mixture in broiler diet, 

as consumers with limited fat intake were considering 

consuming broiler meat, the increasing growth rate of 

broilers followed by increasing fat deposition (Tumova 

and Teimouri, 2010). Furthermore, excess fat in poultry 

was one of the main problems faced by the poultry 

industry (Zhou et al., 2006).  

Agriculture wastes could be used as unconventional 

poultry feeds, and it still contains active compounds like 

catechin, anthocyanin, lycopene to reduce fat. Harvesting 
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of seed betel nut will produce betel nutshell waste yielded 

up to 76% of the weight of fresh betel nuts (Mahata et al., 

2018). It is reported that areca nut production in Indonesia 

reached 1,100.35 tons in 2016 (Badan Pusat Statistik 

Indonesia, 2016). The high production of betel nut follows 

with high betel nutshell waste and is available throughout 

the year.  

Proximate analysis and energy metabolism indicated 

that betel nut shell waste had contained 65.41% water, 

34.59% dry matter, 2.22% crude protein, 0.15% crude fat, 

47.02% crude fiber, 0.28% calcium, 0.36% phosphorus, 

and 2.495 kcal/kg energy metabolism besides that betel 

nutshell waste contained 1.466% catechin (Mahata et al., 

2018), The high crude fiber in betel nutshell waste was an 

inhibiting factor to be used in poultry ration. The poultry’s 

digestive tract does not produce enzymes (cellulose, 

hemicellulose, and lignocellulose) to hydrolize crude fiber, 

therefore the utilization of betel nutshell in poultry ration 

would be limited and needed processing before feeding to 

poultry. To overcome the high crude fiber content in betel 

nutshell waste, it could be fermented with Indigenous 

Microorganisms (IMO) which had the required enzymes to 

degrade the crude fiber. Adrizal et al. (2017) reported 

several IMO from the vegetable waste mixture, such as 

bamboo sprout, fruit waste mixture, rice water waste, 

banana corm to reduce the crude fiber. The best IMO was 

obtained from bamboo sprout to reduce the crude fiber in 

the pineapple (Ananas comosus L. Merr.) waste, also it 

was founded that the crude fiber in the pineapple waste 

decreased from 24% to 17.16% after fermentation. 

Furthermore, Mahata et al. (2018) stated that the obtained 

IMO from the vegetable waste mixture was the best from 

other IMO (bamboo sprout, fruit waste mix, rice water 

waste and banana corm) to degrade the crude fiber in the 

betel nutshell waste. Crude fiber and dry matter content of 

fermented betel nutshell waste with IMO from vegetable 

waste mixture was 12.27% dry matter and 25.95% crude 

fiber (Mahata et al., 2019). In addition, fermented betel 

nutshell waste contained some chemical active compounds 

and fatty acids such as 0.174% catechins, 354.520 

mg/100g tannins, 0.663% laurate, 34.745% miristate, 

55.116% palmitate, 0.527% stearate, 3.731% oleic, and 

0.618% linoleate (Mahata et al., 2018). 

Catechin contained in betel nutshell waste is a 

phytochemical substance that is naturally produced and 

contains flavonoid compounds. Catechin potentially 

improved carcass and meat quality of broiler through 

reducing cholesterol and fat. According to Kara et al. 

(2016a), catechins had effective antioxidant, 

hypoglycemic and hypocholesterolemic properties, and 

also potentially increased meat quality and had no 

negative effects on quail performance. Some researchers 

reported that the administration of catechins reduced total 

cholesterol, and it did not affect total protein levels in the 

blood serum of poultry (Abdo et al., 2010; Ariana et al., 

2011; Kara et al., 2016b). Furthermore, Tang et al. (2002) 

indicated that the catechin could reduce fat in broiler meat. 

Also Yunarto et al. (2015) reported that the administration 

of extracted catechin with ethyl acetate from gambier 

(Uncaria gambir Roxb.) leaf would reduce cholesterol in 

the blood serum of rat by inhibiting HMG-CoA reductase 

activity to synthesis mevalonate from HMG-CoA in cells, 

so the synthesis of total cholesterol and LDL would 

decrease, while HDL would increase. There is no 

published study about the effect of fermented betel 

nutshell waste with obtained IMO from the vegetable 

waste mixture on the performance and blood profile of 

broiler chickens, and so the present research was decided 

to carry out the effectiveness. 

 

MATERIALS AND METHODS 

 

Experimental site  

The experiment was performed at the Universitas 

Andalas farm, Limau Manis Campus, West Sumatra 

Province, Indonesia. The area is located at an altitude of ± 

255 meters above the sea level and approximately 15 

kilometer from Padang, the capital city of West Sumatra 

Province (Website Universitas Andalas, 2019).  

 

Dietary treatment   

The feed consumed in this experiment was 

formulated according to the standards for broiler feed. The 

feeds in the diet were corn, commercial feed (bravo 511), 

rice bran, palm oil, bone meal, Fermented Betel Nutshell 

Waste (FBNSW) and Unfermented Betel Nutshell Waste 

(UBNSW). The five treatment rations used in this study 

were formulated to contain approximately 20% crude 

protein, and 2900 kcal/kg metabolic energy. The nutrient 

percentage and metabolic energy (kcal/kg) contained in 

the experiment ration are indicated in table 1.  

 

Experimental design and treatments  

Completely Randomized Design (CRD) with five 

treatments of FBNSW and UBNSW (0, 3, 4, and 6% 

FBNSW, and 6% UBNSW) were used in this study. Each 

treatment was repeated four times. Twenty pens were used 

for the 80 day-old chickens, and four chickens in each pen 

were randomly assigned. 
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Table 1. Food compositions, nutrient content, and metabolic energy of experimental ration in broiler chickens 

Feed compositions (%) 

FBNSW and UBNSW treatments in ration 

0%  

FBNSW 
2% FBNSW 4% FBNSW  

6%  

FBNSW  
6% UBNSW 

Corn 30.00 29.50 29.00 28.50 26.50 

Soybean meal 20.00 20.00 20.00 20.00 21.00 

Coco nut oil  2.00 2.25 2.50 2.75 3.00 

Rice bran 11.50 9.75 8.00 6.25 7.00 

Fermented betel nutshell waste 0.00 2.00 4.00 6.00 0.00 

Unfermented betel nutshell waste 0.00 0.00 0.00 0.00 6.00 

Bone meal 1.50 1.50 1.50 1.50 1.50 

Bravo 511 (commercial feed) 35.00 35.00 35.00 35.00 35.00 

Total 100.00 100.00 100.00 100.00 100.00 

Nutrient content and energy metabolismof experiment ration 

Crude protein (%) 20.72 20.72 20.71 20.71 20.55 

Crude fat (%) 6.47 6.60 6.74 6.87 6.74 

Crude fiber (%) 5.44 5.66 5.89 6.11 8.04 

Calcium (%) 0.90 0.95 0.99 1.05 0.91 

Phosphorus (available) (%) 0.52 0.54 0.56 0.58 0.36 

Energy metabolism(kcal/kg) 2.930.45 2.933.88 2.937.32 2.940.75 2.925.42 

Catechin (g/kg ration)  0.00 0.03 0.06 0.10 0.88 
FBNSW = Fermented Betel Nutshell Waste, UBNSW = Unfermented Betel Nutshell Waste. g = gram, kcal = kilo calorie, kg = kilogram  

 

Rearing condition  

The chicken cages, food and drinking equipment 

were cleaned and disinfected before the day-old chickens 

arrived. The lighting for each cage was 100-watts. Food 

and drinking water were given ad libitum. Day-old 

chickens (Charoen Pokphand 707, commercial broiler 

strains) were purchased from poultry shop in Padang City, 

West Sumatra Province, Indonesia. 

  

Measured characteristics  

Daily feed intake was measured by calculating the 

difference between delivered and denied food which were 

recorded for a trial period (28 days) in the morning. The 

average daily feed intake per bird was calculated by 

dividing the total amount of feed provided and refusals for 

a trial period (28 days). Afterwards the feed intake was 

divided for 28 days (trial period). Daily weight gain was 

calculated as the difference between the mean final and 

mean initial body weights divided by the number of 

experimental days (28 days). Feed conversion: It was 

determined by dividing the average daily feed intake with 

a mean daily weight gain. Body weight at the end of the 

study (28 days) was weighed. Twelve hours before 

weighing, the chickens were fasted. One bird was taken 

randomly from each pen for measuring the body weight. 

The percentage carcass fraction was measured at the end 

of the experiment, and one broiler was randomly selected 

from each replication. The broiler was slaughtered and 

weighed after 12 hours starvation. Exception of lung and 

kidney, the viscera, head, shank, trachea, heart, liver, 

gizzard, and skin of slaughter broiler were eviscerated and 

expressed as carcass weight (gram). Furthermore, carcass 

percentage was calculated by dividing the carcass weight 

(gram) by the body weight (gram), and then multiplying 

by 100%. The abdominal fat pad percentage was obtained 

by comparing abdominal fat pad weight with body weight 

and then multiplying by 100%. Total cholesterol of broiler 

blood serum was calculated by Elitech group (2012) 

method. Up to 10 microliter (µl) of broiler blood serum 

was pipetted and then poured in the test tube, and 1000 µl 

cholesterol reagent was added to the test tube, further 

mixed and incubated for 10 minutes. Afterwards, it 

calculated by a photometer. The High-Density Lipoprotein 

(HDL) in the broiler blood serum was calculated by using 

the Elitech group (2012) method. Broiler blood serum was 

pipetted up to 250 μl, then the reagent of HDL up to 500 

μl added afterwards centrifuged for 10 minutes at the 

speed of 2500 rpm. Centrifuge results (supernatant) 

pipetted up to 100 µl was added to the cholesterol reagent 

up to 1000 µl mixed, and incubated for 10 minutes, 

afterwards, it was calculated by using a photometer. The 

Low-Density Lipoprotein (LDL) levels were determined 

by using Friedewald et al. (1972) formula.  LDL = Total 

cholesterol – HDL – 1/5 Trigliseride. 

 

Statistical Analysis 

All data were analyzed by analysis of variance 

(ANOVA). Duncanʼs multiple range tests were used to 

determine the differences between the treatment agents 

(Stell and Torrie, 1995).  
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RESULTS AND DISCUSSION   

 

The inclusion of FBNSW and UBNSW in broiler ration 

influenced daily feed intake and daily weight gain 

significantly (p < 0.05), while feed conversion did not 

affect (p > 0.05) (Table 2). The daily feed intake and daily 

weight gain of broilers consumed 2, 4 and 6% of FBNSW 

in ratio greater than 0% FBNSW, and 6% UBNSW. These 

results indicated that the diets which contained 2, 4, and 

6% FBNSW were more palatable by broiler compare with 

diets contained 0% FBNSW and 6% UBNSW. Increasing 

FBNSW content in broiler ration made the ration color a 

little darker than ration with 0% FBNSW and 6% 

UBNSW, while the color of the ration with 6% UBNSW 

resembled the color of ration with 0% FBNSW, so that the 

palatability of both rations (0% FBNSW and 6% 

UBNSW) were the same. The changing in ration color 

caused by increasing the FBNSW utilization in the ration 

did not affect the palatability of the broiler, although the 

ration’s color was slightly darker.  

 

Table 2. Average daily feed intake, daily weight gain, 

and feed conversion of broiler chicken fed fermented 

betel nutshell waste and unfermented betel nutshell 

waste for 4 weeks 

SE= Standard error, FBNSW= Fermented Betel Nutshell Waste, 

UBNSW = Unfermented Betel Nutshell Waste.  a, b, c, d = Means in a row 
that are not followed by the same letters are significantly different at (p < 

0.05). g = gram, d = day 

 

According to Sulasmi et al. (2013), the ration’s 

colors with brownish-yellow was more palatable than 

ration with dark color. The reduction in daily feed intake 

of broiler on ration contained 6% UBNSW as the crude 

fiber content was high compared to ration contained 

FBNSW. Fermentation treatment will increase the various 

of nutrients digestibility such as organic matter, nitrogen, 

amino acids, fiber, and calcium, and also increase 

feedstuff palatability (Canibe and Jensen, 2012; Shahowna 

et al., 2013). In this experiment, it was found that the 

average range of daily feed intake of broiler (4-weeks-old) 

was 81.31 to 85.89 g/bird/d. These results were almost the 

same with the experiment reported by Selle et al. (2019), 

where the average of broiler’s daily feed intake of broiler 

chickens fed 28-days with sorghum for was between 83.36 

and 89.25 (g/bird/d). The daily weight gain of the broiler 

specified according to feed consumption. A ration with 2, 

4, and 6% FBNSW  had an effect on increasing daily 

weight gain of the broiler and was above 0 % FBNSW and 

6% UBNSW. According to Uzer et al. (2013) the increase 

in body weight gain was closely related to the feed 

consumption. A ration with 6% UBNSW reduced the daily 

weight gain of the broiler as it contained a high proportion 

of crude fiber compared to other rations. According to 

Kras et al. (2013), high crude fiber in poultry rations was 

not recommended as it had a negative effects on nutrient 

utilization, low body weight gain, and bad conversion rate. 

In addition, due to the low daily weight gain of the broiler 

chickens, the present study was suspected to contain 6% 

UBNSW with high tannin contain. According to Mahata et 

al. (2018), the tannin content in UBNSW was 456.59 

mg/100, while in FBNSW was 354.52 mg/100g. Tannins 

inhibited the process of protein digestion, while protein is 

a substance needed for growth and muscle building. Cook 

(2000), indicated that tannin bound to proteins and 

reduced metabolic protein, disrupting growth. The average 

daily weight gain of a 4-week-old broiler in this study 

ranged from 49.53 to 55.40 g/bird/d. The results of this 

study were almost the same as those reported by Selle et 

al. (2019), where the average daily weight gain of broiler 

fed sorghum for 28 days was between 54.25 and 55.56 

g/bird/d. Increasing daily feed intake and daily weight gain 

of broiler which consumed 2, 4 and 6% of FBNSW in the 

ration did not match the feed conversion, and the ration 

efficiency for all treatments (0, 2, 4, 6% FBNSW and 6% 

UBNSW) were the same, because the nutritional 

substances in all of the treatments for the normal life of the 

broiler is sufficient. In this experiment, protein and energy 

were adjusted to iso-protein and iso-energy for all rations. 

The feed conversion index increased when the ratio 

between the amount of energy in the ration and protein 

content was technically adjusted (Mookiah et al., 2014). 

Furthermore, Andriyanto et al. (2015) stated, the only 

factor that affected the value of feed conversion was the 

nutrition quality. The average feed conversion of a 4-

week-old broilers in this study ranged from 1.55 to 1.66. 

The results of the present study were almost the same as 

those reported by Zampiga et al. (2018), where the average 

feed conversion of broiler feed conversion was between 

1.494 and 1.524 for 33 days. 

The inclusion of FBNSW and UBNSW in the broiler 

ration significantly affected body weight, percentage of 

abdominal fat pads, and percentage of carcass (p > 0.05) 

(Table 3). The body weights of the broilers, that consumed 

Treatments 
Daily feed intake  

(gram/bird/d) 

Daily weight gain  

(gram/bird/d) 

Feed 

conversion 

0%  FBNSW 81.32b 51.24b 1.59 

2%  FBNSW 85.83a 55.40a 1.55 

4%  FBNSW 85.83a 54.86a 1.57 

6%  FBNSW 85.89a 54.34a 1.58 

6%  UBNSW 82.02b 49.53b 1.66 

SE 0.67 0.73 0.001 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6407077/#bib10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6407077/#bib55
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6407077/#bib55


Endo Mahata et al., 2020 

122 

rations with 2, 4, and 6% of FBNSW were higher than the 

body weight of broilers, consumed 0% FBNSW and 6% 

UFBNSW. The high body weight of the broiler, which 

consumed 2, 4, and 6% of FBNSW, was associated with 

high daily feed intake and daily weight gain in these 

treatments so that nutrient uptake to grow and produce 

high body weight was met. In addition, the digestibility of 

FBNSW in the ration was higher than the rations 

contained UBNSW in terms of fermentation efficiency, 

and the acceleration of digestive enzymes in the broiler 

digestive tract on FBNSW was optimum to better utilize 

nutrients from broilers for growth.  

 

Table 3. Average body weight, abdominal fat pad 

percentage, and carcass percentage of broiler chicken fed 

fermented betel nutshell waste and unfermented betel 

nutshell waste for 4 weeks,  

SE= Standard error, FBNSW= Fermented Betel Nutshell Waste, 

UBNSW = Unfermented Betel Nutshell Waste. a, b, c, d= Means in a row 

that are not followed by the same letters are significantly different at (p < 
0.05). 

 
Table 4. Average lipoprotein (total cholesterol, LDL and 

HDL) of broiler chicken fed fermented betel nutshell 

waste and unfermented betel nutshell waste for 4 weeks  

SE= standard error, FBNSW= Fermented Betel Nutshell Waste, UBNSW 

= Unfermented Betel Nutshell Waste. a, b, c, d= Means in a row that are not 
followed by the same letters are significantly different at (p < 0.05). 

 

According to Sari and Purwadaria (2004) generally, 

all fermented end-products typically contained compounds 

that are simpler and more digestible than the original 

ingredients. The low body weight of the broiler in 

treatment 6% UBNSW was caused by a higher tannin 

content (456.59 mg/100g) than the treatments 2, 4, and 6 

in which FBNSW was 354.52 mg/100g (Mahata et al., 

2018). Tannin could not be digested by poultry because 

the digestive tract of poultry did not produce tannase 

enzyme to hydrolyze tannins, and tannin bound the protein 

in UBNSW. In addition, tannin affected the reduction of 

feed consumption. Anita et al. (2012) reported that the 

feed consumption of broiler chickens decreased up to 

4.5% after feeding on  aged tea leaves flour, as the tea 

leaves contained tannin the body weight of broiler 

chickens depended on the amount of protein consumed for 

meat production in its growth process. Although the body 

weight of the broiler in treatment 6% UBNSW was lower 

than treatment 2, 4, and 6% FBNSW ,the body weight was 

the same asin treatment 0% FBNSW in the ration. 

Inclusion of FBNSW and UBNSW in ration reduced the 

abdominal fat pad percentage of the broiler, due to 

FBNSW and UBNSWcontain catechin compounds. 

Catechin was a flavonoid class drived from polyphenol 

compound that could inhibit the formation and 

accumulation of fat by condensing  catechin with bile salts 

as a fat solvent in the digestive tract of poultry. Therefore, 

the absorption process of fat in the digestive tract was 

disrupted and reduced, so that the production of abdominal 

fat was small. According to Koo and Cho (2004), catechin 

compounds contained in tea could reduce the fat content. 

The average percentage of broiler’s abdominal fat pad in 

this study was between 0.90 and 1.58%. The percentage of 

broiler carcasses in treatments 2 and 4% of FBNSWwas 

higher than in the treatments 0 and 2% of FBNSW, and 

6% of UBNSW (Table 3). The percentage of carcasses is 

closely related to body weight and percentage of 

abdominal fat pads. In the present study, the body-weight 

of broiler was also higher in 2, 4, and 6% FBNSW 

treatments than in the 0% FBNSW and 6% UBNSW 

treatments. 

The inclusion of FBNSW and UBNSW in the broiler 

ration significantly affected total cholesterol, LDL, and 

HDL (p < 0.05) (Table 4). The total cholesterol in broiler 

blood serum was lower in the 6% FBNSW and 6% 

UBNSW treatments than in the 0, 2 and 4% FBNSW 

treatments in ration due to catechin content in FBNSW 

and UBNSW. According to Khalaji et al. (2011), revealed 

a significant reduction in total cholesterol in the broiler 

blood serum after feeding catechin containing green tea 

extract. The average total cholesterol level in blood serum 

was ranged from 125.25 to 160.50 mg/dL. The decreasing 

in total cholesterol content in broiler blood serum was also 

followed by a decrease in LDL due to the presence of 

tanase enzymes produced by IMO during the fermentation 

Treatments 
Body weight 

(gram/bird) 

Abdominal fat 

pad percentage 

(%) 

Carcass 

percentage 

(%) 

0% FBNSW 1204.00a 1.58a 70.39b 

2%  FBNSW 1361.50c 1.38a 71.90a 

4%  FBNSW 1315.75bc 0.95b 72.37a 

6% FBNSW 1248.75b 0.93b 70.64b 

6% UBNSW 1162.50a 0.90b 69.28c 

SE 24.23 1.15 0.31 

Treatments  

Total 

cholesterol 

(mg/dl) 

Low-density 

lipoprotein 

(mg/dl) 

High-density 

lipoprotein 

(mg/dl) 

0%  FBNSW 160.50a 120.25a 30.62b 

2%  FBNSW 149.50b 109.25b 30.55b 

4%  FBNSW 143.75b 105.75b 28.00b 

6%  FBNSW 125.25c 87.25c 29.00b 

6%  UBNSW 153.00b 109.25b 33.75a 

SE 2.14 1.97 0.90 
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process, and it reduced tannins in FBNSW. According to 

Velayutham et al. (2008), catechins reduce the production 

of apolipoprotein B, the main component of LDL, so that 

in this experiment, LDL decreased in broiler blood serum. 

As the total cholesterol decreased and affected the lower 

HDL synthesis in the liver of broiler chickens, the HDL 

levels in the blood serum of broiler chickens treated with 

2, 4 and 6% also reduced.  

 

CONCLUSION 

 

The fermentation of betel nutshell waste by indigenous 

microorganism from vegetable waste mixture could be 

used up to 6 % in broiler ration which had a positive effect 

on performance, blood serum lipoprotein, and carcass 

quality of broiler chicken 
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2. Name(s) and Affiliation(s) of author(s) (including post code) and corresponding E-mail; ORCID: 0000-

0000-0000-0000 

3. ABSTRACT 

4. Key words (separate by semicolons; or comma,) 

5. Abbreviations (used in the manuscript) 

6. INTRODUCTION 

7. MATERIALS AND METHODS 

8. RESULTS 

9. DISCUSSION 

10. CONCLUSION 

11. DECLARATIONS 

12. REFERENCES 

13. Tables 

14. Figure captions 

15. Figures 

 
Results and Discussion can be presented jointly. 
Discussion and Conclusion can be presented jointly. 
 
Article Sections Format 
 

Title should be a brief phrase describing the contents of the paper. The first letter of each word in title should use upper case. The 
Title Page should include the author(s)'s full names and affiliations, the name of the corresponding author along with phone and e-
mail information. Present address (es) of author(s) should appear as a footnote. 
Abstract should be informative and completely self-explanatory, briefly present the topic, state the scope of the experiments, 
indicate significant data, and point out major findings and conclusions. The abstract should be 150 to 350 words in length. 
Complete sentences, active verbs, and the third person should be used, and the abstract should be written in the past tense. 
Standard nomenclature should be used and abbreviations should be avoided. No literature should be cited. 
Following the abstract, about 3 to 8 key words that will provide indexing references should be listed.  
Introduction should provide a clear statement of the problem, the relevant literature on the subject, and the proposed approach or 
solution. It should be understandable to colleagues from a broad range of scientific disciplines. 
Materials and Methods should be complete enough to allow experiments to be reproduced. However, only truly new procedures 
should be described in detail; previously published procedures should be cited, and important modifications of published 
procedures should be mentioned briefly. Capitalize trade names and include the manufacturer's name and address. Subheadings 
should be used. Methods in general use need not be described in detail. The ethical approval for using animals in the researches 
should be indicated in this section with a separated title. 
Results should be presented with clarity and precision. The results should be written in the past tense when describing findings in 
the author(s)'s experiments. Previously published findings should be written in the present tense. Results should be explained, but 
largely without referring to the literature. Discussion, speculation and detailed interpretation of data should not be included in the 
results but should be put into the discussion section. 
Discussion should interpret the findings in view of the results obtained in this and in past studies on this topic. State the 
conclusions in a few sentences at the end of the paper. The Results and Discussion sections can include subheadings, and when 
appropriate, both sections can be combined. 
Conclusion should be brief and tight about the importance of the work or suggest the potential applications and extensions. This 
section should not be similar to the Abstract content. 
Declarations including Ethics, Consent to publish, Competing interests, Authors' contributions, and Availability of data and 
materials are necessary. 
Acknowledgments of persons, grants, funds, etc should be brief. 
Tables should be kept to a minimum and be designed to be as simple as possible. Tables are to be typed double-spaced 
throughout, including headings and footnotes. Each table should be on a separate page, numbered consecutively in Arabic 
numerals and supplied with a heading and a legend. Tables should be self-explanatory without reference to the text. The details of 
the methods used in the experiments should preferably be described in the legend instead of in the text. The same data should not 
be presented in both table and graph forms or repeated in the text. 
Figure legends should be typed in numerical order on a separate sheet. Graphics should be prepared using applications capable of 
generating high resolution GIF, TIFF, JPEG or PowerPoint before pasting in the Microsoft Word manuscript file. Use Arabic numerals 
to designate figures and upper case letters for their parts (Figure 1). Begin each legend with a title and include sufficient 

description so that the figure is understandable without reading the text of the manuscript. Information given in legends should 
not be repeated in the text. 

 
Declarations section - Please include declarations heading 
Please ensure that the sections: 

-Ethics (and consent to participate) 

-Consent to publish 

-Competing interests 

-Authors' contributions 

-Availability of data and materials 

are included at the end of your manuscript in a Declarations section. 
 

https://orcid.org/
https://orcid.org/
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Consent to Publish 
Please include a „Consent for publication‟ section in your manuscript. If your manuscript contains any individual person‟s data in 
any form (including individual details, images or videos), consent to publish must be obtained from that person, or in the case of 
children, their parent or legal guardian. All presentations of case reports must have consent to publish. You can use your 
institutional consent form or our consent form if you prefer. You should not send the form to us on submission, but we may 
request to see a copy at any stage (including after publication). If your manuscript does not contain any individual persons data, 
please state “Not applicable” in this section. 
 
Authors’ Contributions 
For manuscripts with more than one author, JWPR require an Authors' Contributions section to be placed after the Competing 
Interests section. 
An 'author' is generally considered to be someone who has made substantive intellectual contributions to a published study. To 

qualify as an author one should 1) have made substantial contributions to conception and design, or acquisition of data, or analysis 
and interpretation of data; 2) have been involved in drafting the manuscript or revising it critically for important intellectual 
content; and 3) have given final approval of the version to be published. Each author should have participated sufficiently in the 
work to take public responsibility for appropriate portions of the content. Acquisition of funding, collection of data, or general 
supervision of the research group, alone, does not justify authorship. 
We suggest the following format (please use initials to refer to each author's contribution): AB carried out the molecular genetic 
studies, participated in the sequence alignment and drafted the manuscript. JY carried out the immunoassays. MT participated in 
the sequence alignment. ES participated in the design of the study and performed the statistical analysis. FG conceived of the 
study, and participated in its design and coordination and helped to draft the manuscript. All authors read and approved the final 
manuscript.  
For authors that equally participated in a study please write 'All/Both authors contributed equally to this work.' 
Contributors who do not meet the criteria for authorship should be listed in an acknowledgements section. 
 
Competing Interests 
Competing interests that might interfere with the objective presentation of the research findings contained in the manuscript 
should be declared in a paragraph heading "Competing interests" (after Acknowledgment section and before References). 
Examples of competing interests are ownership of stock in a company, commercial grants, board membership, etc. If there is no 
competing interest, please use the statement "The authors declare that they have no competing interests.". 
Journal World's Poultry Research adheres to the definition of authorship set up by The International Committee of Medical Journal 
Editors (ICMJE). According to the ICMJE authorship criteria should be based on 1) substantial contributions to conception and 
design of, or acquisition of data or analysis and interpretation of data, 2) drafting the article or revising it critically for important 
intellectual content and 3) final approval of the version to be published. Authors should meet conditions 1, 2 and 3. 
It is a requirement that all authors have been accredited as appropriate upon submission of the manuscript. Contributors who do 
not qualify as authors should be mentioned under Acknowledgements. 
 
Change in authorship 
We do not allow any change in authorship after provisional acceptance. We cannot allow any addition, deletion or change in 
sequence of author name. We have this policy to prevent the fraud. 
 
Acknowledgements 
We strongly encourage you to include an Acknowledgements section between the Authors‟ contributions section and Reference list. 
Please acknowledge anyone who contributed towards the study by making substantial contributions to conception, design, 
acquisition of data, or analysis and interpretation of data, or who was involved in drafting the manuscript or revising it critically for 
important intellectual content, but who does not meet the criteria for authorship. Please also include their source(s) of funding. 
Please also acknowledge anyone who contributed materials essential for the study. 
Authors should obtain permission to acknowledge from all those mentioned in the Acknowledgements. Please list the source(s) of 
funding for the study, for each author, and for the manuscript preparation in the acknowledgements section. Authors must 
describe the role of the funding body, if any, in study design; in the collection, analysis, and interpretation of data; in the writing 
of the manuscript; and in the decision to submit the manuscript for publication. 
 
Data Deposition 
Nucleic acid sequences, protein sequences, and atomic coordinates should be deposited in an appropriate database in time for the 
accession number to be included in the published article. In computational studies where the sequence information is unacceptable 
for inclusion in databases because of lack of experimental validation, the sequences must be published as an additional file with 
the article. 
 
References:  
A JWPR reference style for EndNote may be found here. 
1. All references to publications made in the text should be presented in a list with their full bibliographical description. DOI 

number or the link of article should be added to the end of the each reference. 
2. In the text, a reference identified by means of an author„s name should be followed by the date of the reference in 

parentheses. When there are more than two authors, only the first author„s surname should be mentioned, followed by ‟et al„. 
In the event that an author cited has had two or more works published during the same year, the reference, both in the text 
and in the reference list, should be identified by a lower case letter like ‟a„ and ‟b„ after the date to distinguish the works. 

3. References in the text should be arranged chronologically (e.g. Kelebeni, 1983; Usman and Smith, 1992 and Agindotan et al., 
2003). The list of references should be arranged alphabetically on author's surnames, and chronologically per author. If an 
author's name in the list is also mentioned with co-authors, the following order should be used: Publications of the single 
author, arranged according to publication dates - publications of the same author with one co-author - publications of the 
author with more than one co-author. Publications by the same author(s) in the same year should be listed as 1992a, l992b, 
etc. 

4. Names of authors and title of journals, published in non-latin alphabets should be transliterated in English. 
5. A sample of standard reference is "1th Author surname A, 2th Author surname B and 3th Author surname C (2013). Article 

title should be regular and 9 pt. Journal of World`s Poultry Research, Volume No. (Issue No.): 00-00." DOI:XXX." 
6. Journal titles should be full in references. The titles should not be italic.  
7. References with more than 10 authors should list the first 10 authors followed by 'et al.' 
8. The color of references in the text of article is blue. Example: (Preziosi et al., 2002; Mills et al., 2015). 
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9. At least 35% of the references of any submitted manuscript (for all types of article) should include scientific results published 
in the last five years. 

 

-Examples (at the text- blue highlighted) 
Abayomi (2000), Agindotan et al. (2003), Vahdatpour and Babazadeh (2016), (Kelebeni, 1983), (Usman and Smith, 1992), 
(Chege, 1998; Chukwura, 1987a,b; Tijani, 1993, 1995), (Kumasi et al., 2001). 
 
--Examples (at References section) 

a) For journal:  

Lucy MC (2000). Regulation of ovarian follicular growth by somatotropin and insulin- like growth factors in cattle. Journal of Dairy 
Science, 83: 1635-1647. 

Kareem SK (2001). Response of albino rats to dietary level of mango cake. Journal of Agricultural Research and Development. pp 
31-38. DOI:XXX. 

Chikere CB, Omoni VT and Chikere BO (2008). Distribution of potential nosocomial pathogens in a hospital environment. African 
Journal of Biotechnology, 7: 3535-3539. DOI:XXX. 

Tahir Khan M, Bhutto ZA, Abbas Raza SH, Saeed M, Arain MA, Arif M, Fazlani SA, Ishfaq M, Siyal FA, Jalili M et al. (2016). 
Supplementation of different level of deep stacked broiler litter as a source of total mixed ration on digestibility in sheep and their 
effects on growth performance. Journal of World`s Poultry Research, 6(2): 73-83. DOI: XXX 

b) For symposia reports and abstracts: 

Cruz EM, Almatar S, Aludul EK and Al-Yaqout A (2000). Preliminary Studies on the Performance and Feeding Behaviour of Silver 
Pomfret (Pampus argentens euphrasen) Fingerlings fed with Commercial Feed and Reared in Fibreglass Tanks. Asian Fisheries 
Society Manila, Philippine 13: 191-199. 

c) For edited symposia, special issues, etc., published in a journal: 

Korevaar H (1992). The nitrogen balance on intensive Dutch dairy farms: a review. In: A. A. Jongebreur et al. (Editors), Effects of 
Cattle and Pig Production Systems on the Environment: Livestock Production Science, 31: 17-27. 

d) For books: 

AOAC (1990). Association of Official Analytical Chemists. Official Methods of Analysis, 15th Edition. Washington D.C. pp. 69-88. 
Pelczar JR, Harley JP, Klein DA (1993). Microbiology: Concepts and Applications. McGraw-Hill Inc., New York, pp. 591-603. 

e) Books, containing sections written by different authors: 

Kunev M (1979). Pig Fattening. In: A. Alexiev (Editor), Farm Animal Feeding. Vol. III. Feeding of Different Animal Species, 
Zemizdat, Sofia, p. 233-243 (Bg). 

In referring to a personal communication the two words are followed by the year, e.g. (Brown, J. M., personal communication, 
1982). In this case initials are given in the text. 

Nomenclature and Abbreviations:  

Nomenclature should follow that given in NCBI web page and Chemical Abstracts. Standard abbreviations are preferable. If a new 
abbreviation is used, it should be defined at its first usage. Abbreviations should be presented in one paragraph, in the format: 
"term: definition". Please separate the items by ";".  
E.g. ANN: artificial neural network; CFS: closed form solution; ... 

 
Abbreviations of units should conform with those shown below: 
Decilitre dl Kilogram kg 

Milligram mg hours h 

Micrometer mm Minutes min 

Molar mol/L Mililitre ml 

Percent  %   
Other abbreviations and symbols should follow the recommendations on units, symbols and abbreviations: in “A guide for 
Biological and Medical Editors and Authors (the Royal Society of Medicine London 1977). 
Papers that have not been published should be cited as “unpublished”. Papers that have been accepted for publication, but not yet 
specified for an issue should be cited as “to be published”. Papers that have been submitted for publication should be cited as 
“submitted for publication". 
 
Formulae, numbers and symbols: 
1. Typewritten formulae are preferred. Subscripts and superscripts are important. Check disparities between zero (0) and the 

letter 0, and between one (1) and the letter I. 
2. Describe all symbols immediately after the equation in which they are first used. 
3. For simple fractions, use the solidus (/), e.g. 10 /38. 
4. Equations should be presented into parentheses on the right-hand side, in tandem. 
5. Levels of statistical significance which can be used without further explanations are *P < 0.05, **P < 0.01, and ***P < 0.001 
6. In the English articles, a decimal point should be used instead of a decimal comma. 
7. In chemical formulae, valence of ions should be given, e.g. Ca2+ and CO32-, not as Ca++ or CO3. 
8. Numbers up to 10 should be written in the text by words. Numbers above 1000 are recommended to be given as 10 powered 

x. 
9. Greek letters should be explained in the margins with their names as follows: Αα - alpha, Ββ - beta, Γγ - gamma, Γδ - delta, 

Δε - epsilon, Εδ - zeta, Ζε - eta, Θζ - theta, Ηη - iota, Θθ - kappa, Ιι - lambda, Κκ - mu, Λλ - nu, Μμ - xi, Νν - omicron, Ξπ - 
pi, Οξ - rho, Πζ - sigma, Ρη - tau, υ - ipsilon, Φθ - phi, Σχ - chi, Τψ - psi, Υω - omega. 

. 
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Review/Decisions/Processing 
 
Firstly, all manuscripts will be checked by Docol©c, a plagiarism finding tool. A single blind reviewing model is used by JWPR for 
non-plagiarized papers. The manuscript is edited and reviewed by the English language editor and three reviewers selected by 
section editor of JWPR respectively. Also, a reviewer result form is filled by reviewer to guide authors. Possible decisions are: 
accept as is, minor revision, major revision, or reject. See sample of evaluation form. Authors should submit back their revisions 
within 14 days in the case of minor revision, or 30 days in the case of major revision.  

To submit a revision please click here, fill out the form, and mark " Revised", mention the article code (for example JWPR-

1105), attach the revision (MS word) and continue submission. After review and editing the article, a final formatted proof is sent 
to the corresponding author once again to apply all suggested corrections during the article process. The editor who received the 
final revisions from the corresponding authors shall not be hold responsible for any mistakes shown in the final publication. 
Manuscripts with significant results are typically reviewed and published at the highest priority. 
 
Plagiarism  
There is a zero-tolerance policy towards plagiarism (including self-plagiarism) in our journals. Manuscripts are screened for 
plagiarism by Docol©c a plagiarism finding tool, before or during publication, and if found they will be rejected at any stage of 
processing. See sample of Docol©c-Report.  
 
Declaration 
After manuscript accepted for publication, a declaration form will be sent to the corresponding author who that is responsible to 
coauthors' agreements to publication of submitted work in JWPR after any amendments arising from the peer review. 
 
Date of issue 
The journal will be issued on 25th of March, June, September and December, each year. 
 
Publication charges 
No peer-reviewing charges are required. However, the publication costs are covered through article processing charges (APCs). 
There is a modest APC of 90 Euro(€) editor fee for the processing of each primary accepted paper (1000-4000 words) to 
encourage high-quality submissions. APCs are only charged for articles that pass the pre-publication checks and are published. A 
surcharge will be placed on any article that is over 4000 words in length to cover 
the considerable additional processing costs. Payment can be made by credit 
card, bank transfer, money order or check. Instruction for payment is sent 
during publication process as soon as manuscript is accepted. Meanwhile, this 
journal encourages the academic institutions in low-income countries to publish 
high quality scientific results, free of charges. 

* The prices are valid until 30th January 2020.  
 
The Waiver policy 

The submission fee will be waived for invited authors, authors of hot papers, and corresponding authors who are editorial board 
members of the Journal of World's Poultry Research. The Journal will consider requests to waive the fee for cases of financial 

hardship (for high quality manuscripts and upon acceptance for publication). Requests for waiver of the submission fee must be 
submitted via individual cover letter by the corresponding author and cosigned by an appropriate institutional official to verify that 
no institutional or grant funds are available for the payment of the fee. Letters including the manuscript title and manuscript ID 
number should be sent to: editor [at] jwpr.science-line.com. It is expected that waiver requests will be processed and authors will 
be notified within two business day. 
 
The OA policy 
Journal of World's Poultry Research is an open access journal which means that all content is freely available without charge to the 
user or his/her institution. Users are allowed to read, download, copy, distribute, print, search, or link to the full texts of the 
articles, or use them for any other lawful purpose, without asking prior permission from the publisher or the author. This is in 
accordance with the BOAI definition of Open Access. 
 
Scienceline Language Editing Services 
We suggest that authors whose first language is not English have their manuscripts checked by a native English 
speaker before submission. This is optional, but will help to ensure that any submissions that reach peer review can 
be judged exclusively on academic merit. We offer a Scienceline service, and suggest that authors contact as 
appropriate. Please note that use of language editing services is voluntary, and at the author‟s own expense. Use of 

these services does not guarantee that the manuscript will be accepted for publication, nor does it restrict the 
author to submitting to Scienceline journals. You can send the article/s to the following Email: 
daryoushbabazadeh@gmail.com 

 
 

Paper Submission Flow 
Submission Preparation Checklist 
Authors are required to check off their submission's compliance with all of the following items, and 
submissions may be returned to authors that do not adhere to the following guidelines.  
The submission has not been previously published, nor is it before another journal for consideration (or an 
explanation has been provided in Comments to the Editor). 
The submission file is in Microsoft Word, RTF, or PDF document file format. 
Where available, URLs for the references have been provided. 
The text is single-spaced; uses a 12-point font; and all illustrations, figures, and tables are placed within 
the text at the appropriate points, rather than at the end. 
The text adheres to the stylistic and bibliographic requirements outlined in the Author Guidelines. 
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