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Review 
 

Poultry Management Strategies to Alleviate Heat Stress in Hot Climates: A Review 
 

Bhawa Sh, Morêki JC, and Machete JB 
 

J. World Poult. Res. 13(1): 1-19, 2023; pii: S2322455X2300001-13  
 

DOI: https://dx.doi.org/10.36380/jwpr.2023.1 
 
ABSTRACT: Heat stress remains a major challenge affecting poultry 
production in sub-tropical and tropical environments; hence it continues 
to receive attention. The present study aimed to discuss heat stress and 
its effects on poultry production and suggests mitigation strategies to 
combat the effects of increased environmental temperature on poultry 
performance. Poultry raised in hot climates suffers from heat stress, 
which reduces meat and egg production, reproductive performance, feed 
intake, and feed conversion efficiency leading to poor growth rates. 
Reduced feed intake results in a reduction in meat quality, growth, egg 
yield, and quality. A decrease in feed utilization efficiency is the major cause of poor growth performance in hot 
environments. To counteract the negative impacts of high ambient temperatures on the performance of poultry, a wide 
range of management practices are widely used, including nutrient manipulations (particularly protein and energy), 
electrolyte and vitamin supplementation, feed form (especially particle size and moisture content), choice feeding, 
controlled feeding, time of feeding, wet feeding, water management, and use of new breeds that thrive well in hot 
environments. These management practices help lower heat load and facilitate evaporative cooling, all of which may 
positively impact poultry performance and health. 
Keywords: Choice feeding, Feed conversion efficiency, Heat stress, Poultry production 
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Adrenal Gland of Poultry: Anatomy, Microscopy, Morphometry, and Histochemistry 
 

Kot T, Tkachuk S, Usenko S, and Prokopenko V. 
 

J. World Poult. Res. 13(1): 20-28, 2023; pii: S2322455X2300002-13 
 

DOI: https://dx.doi.org/10.36380/jwpr.2023.2 
 
ABSTRACT: The adrenal gland plays a crucial role in poultry’s body. Its 
hormones affect growth, tissue differentiation, and metabolism 
regulation, as well as the bird body’s resistance to infections, intoxication, 
stress, and low temperature. For poultry farming, veterinary medicine, 

and ornithology, it is of scientific interest to study the morphological 
features of the adrenal gland of birds. This review aimed to assess 
poultry adrenal anatomy, microscopy, morphometry, and histochemistry 
by summarizing research data from various published articles. The 
structure of the adrenal gland has been morphologically investigated in 
clinically healthy chickens, ducks, geese, and quails. Data from the anatomical level of the adrenal gland have indicated 
that the shape of this organ in poultry of different species is not the same. In most cases, the shape of the adrenal gland 
of poultry is close to an oval, triangle, or pyramid. The color of the adrenal gland of poultry varies from gray to brown, 
which depends on the tissue saturation of this organ with carotenoids. The mass of the adrenal glands of poultry 
correlates with their age. The left adrenal gland has higher mass, volume, and length indicators than the right gland. The 
microscopic structure of the adrenal gland corresponds to the general laws of the structure and function of endocrine 
organs. However, the adrenal glands of poultry are characterized by class features of its histoarchitectonics. The adrenal 
capsule contains ganglia of the autonomic nervous system, the cell strands of cortical and medullary tissues are 
intertwined, and the configuration of these cell strands determines the formation of two or three zones of the adrenal 
gland. Studies of the adrenal glands of poultry at the cellular level have indicated that cortical tissue is represented by 
acidophilic cells and medullary tissue by basophilic cells. Depending on the shape and electron density of secretory 
granules, medullary tissue cells are divided into epinephrine and norepinephrine. Data on morphometric parameters 
(capsule thickness, area of cortical and medullary tissues, cortical-medullary ratio) of the adrenal gland are not the same 
and depend on the type, age, gender, and sexual activity of poultry. In conclusion, morphologists have paid great 
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attention to studying the features of the anatomy, microscopy, morphometry, and histochemistry of the adrenal gland in 
clinically healthy poultry. Therefore, the presented data can be used to assess deviations in the morphofunctional state of 
the adrenal gland in poultry under the influence of various factors and pathology.  
Keywords: Adrenal gland, Anatomy, Morphological features, Histological and cellular levels, Poultry  
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Thermal Manipulation During Incubation: Effects on Embryo Development, Production 

Performance, Meat Quality, and Thermal Tolerance of Broiler Chickens 
 

Meteyake HT, Bilalissi A, Kouame YAE, N’nanle O, and Tona K. 
 

J. World Poult. Res. 13(1): 29-40, 2023; pii: S2322455X2300003-13 
 

DOI: https://dx.doi.org/10.36380/jwpr.2023.3 
 
ABSTRACT: Thermal manipulations during the embryonic period have 
positive effects on thermotolerance and the productive performance of 
broilers subjected to acute heat stress. This study aimed to investigate 
the potential effects of Thermal manipulation during incubation (TMI) on 
productive performances and thermotolerance of broiler chickens 
growing in tropical climates. A total of 900 Cobb 500 broiler chicken eggs 
from a 35-week-old breeder flock were incubated in standard incubation 
conditions (37.8°C, 60% relative humidity) until day 7, when they were 
divided into 3 groups (300 eggs per group). The control group (C) was 
incubated at standard incubation conditions while T6 and T12 groups were subjected to, respectively, 6 hours/day and 12 
hours/day of TMI (T° = 39.5°C, relative humidity = 65%, Embryonic day = 7-16). The relative embryo and albumen 
weight were determined from 10 to 18 days of incubation. The hatching event was checked between 450 and 504 hours 
of incubation, and egg hatchability, chick quality, and cloacal temperature were also determined. One hundred and 
twenty-five chicks from each incubation group were transferred to the farm and raised for 6 weeks. During this period, 
their post-hatch performances were determined. At week 6, blood samples were collected to measure T3, T4, and 
corticosterone hormone levels. Then, the 6-week-old broilers were slaughtered to determine meat yield and quality. 
Results showed that the chick’s rectal temperature was significantly reduced in T6 and T12 groups compared to the C 
group, while hatchability and one-day-old chick weight were not affected. Final body weight and feed conversion ratio 
were significantly improved in the T12 group, compared to other groups. Thermal manipulation during incubation for 6 
and 12 hours significantly reduced mortality rate and pectoralis major muscle drip loss while it increased muscle pH at 24 
hours post-mortem (pH24). Corticosterone, T3, and T4 plasma hormone levels at week 6 were also significantly reduced 
by TMI. Therefore, exposing hatching eggs to 39.5°C and 65% of relative humidity from days 7 to 16 of incubation for 12 
hours/day is recommended for the poultry industry in tropical climates. 
Keywords: Chronic heat stress, Fast-growing broilers, Hatching and post-hatch performances, Thermal 
manipulation, Thermotolerance, Meat quality 
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Identification of Probiotic Bacteria Isolated from Domestic Chickens (Gallus 

domesticus) Using the 16S rRNA Gene Method 
 

Husain DR, Wardhani R, Ningsih FS, and Gani F. 
 

J. World Poult. Res. 13(1): 41-47, 2023; pii: S2322455X2300004-13 
 

DOI: https://dx.doi.org/10.36380/jwpr.2023.4  

 
ABSTRACT: The intestines of domestic poultry (Gallus domesticus) are 
one of the potential sources of probiotic bacteria that can produce 
antibacterial agents. The objective of this study was to identify the 
types of probiotic bacteria obtained from the digestion of domestic 
poultry using the molecular analysis method of 16S rRNA gene 
sequencing. Observations were conducted on colony morphology, gram 
staining, biochemical tests, and antibacterial activity using the diffusion 
agar method. Molecular analysis of DNA extraction was carried out, 
followed by the amplification of samples using a 16S rRNA universal 
primer. Dielectrophoresis and sequencing were performed on the 16S rRNA gene. The identification of morphological 
observations, gram staining, and biochemical tests showed that probiotic bacteria isolates, including Gram-positive, rod-
shaped, rounded colony form, flat elevation, entire nonmotile edge, and catalase-negative, could ferment all carbohydrate 
content in the TSIA medium. The antibacterial potential was also found in probiotic bacteria, as evidenced by the 
inhibition zone formed in the test. The results of the bacterial gene sequences of PaTa5 probiotic bacterial isolates had a 
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similarity of 98.37% with Lactobacillus plantarum. These findings indicated the presence of some bacteria species that 
have antibacterial activity in the intestines of domestic chickens (Gallus domesticus). 
Keywords: Lactobacillus plantarum, Native chicken, Probiotic, 16S rRNA 
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Impact of Prebiotic Supplementation on Productive Performance, Carcass Traits, and 

Physiological Parameters of Broiler Chickens under High Stocking Density Condition 
 

Karar EMH, Atta AMM, Gharib HBA, and El-Menawey MAA. 
 

J. World Poult. Res. 13(1): 48-60, 2023; pii: S2322455X2300005-13 
 

DOI: https://dx.doi.org/10.36380/jwpr.2023.5 
 
ABSTRACT: The present study was performed to investigate the effect 
of increasing stocking density, prebiotic supplementation, and the 
interactions on broiler chicken performance and some physiological 
parameters. A total of 912 one-day-old chickens were used in this study, 
and they were randomly divided into six groups with 4 replicates each. 
The experiment included three levels of stocking densities (10, 13, and 
15 broiler chicken/m2) in 6 groups. Groups 1, 3, and 5 were maintained 
without prebiotic supplementation, while groups 2, 4, and 6 received a 
diet supplemented with prebiotics in water (1cm/liter). Reducing stocking 
densities and adding prebiotics improved body weight, feed consumption, 
feed conversion ratio, hemoglobin, packed cell volume, oxidative stress parameters (total antioxidant capacity), and 
European production efficiency factor, while decreasing malondialdehyde levels. On the other hand, stocking density and 

prebiotic supplementation did not affect dressing percentage, the relative weight of giblet parts, hind part, front part, and 
lymphoid organs (thymus and bursa of Fabricius). In conclusion, adding prebiotics at 1 cm/liter (Mannan-oligo saccharide 
and B-Glucan) can partially mitigate the negative effects of high stocking density on production performance, 
physiological and oxidative stress parameters, and European production efficiency factor.  
Keywords: Antioxidant biomarkers, Broiler chicken, β-glucan, Mannan oligosaccharide, Oxidant, Prebiotic, Stocking 
density 
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Effects of Black pepper, Turmeric, and Fennel on Essential and Non-essential Chemical 

Contents of Egg 
 

Samantaray L and Nayak Y. 
 

J. World Poult. Res. 13(1): 61-70, 2023; pii: S2322455X2300006-13 
 

DOI: https://dx.doi.org/10.36380/jwpr.2023.6 
 
ABSTRACT: The use of essential oils (EOs) in animal feeding has gained 
attention as a potential antibiotic growth promoter replacement over the 
past two decades. The current study aimed to determine the impact of 
three feed additives, namely black pepper, turmeric, and fennel, on the 
productivity of laying hens, the chemical composition, and macro- and 
microelement content in layer eggs. A total of 280 chicks aged 75 days 
were randomly divided into 7 treatments (5 replicates of 8 chicks). One 
treatment group was provided as the unsupplemented control. The other 
six treatment groups, namely D0 (basal diet [BD] control), D1 (BD + 1% 
of black pepper), D2 (BD + 1% of turmeric), D3 (BD + 1% of fennel), D4 (BD + 0.5% of black pepper + 0.5% of 
turmeric), D5 (BD + 0.5% of black pepper + 0.5% of fennel), D6 (BD + 0.5% of turmeric + 0.5% of fennel) were 
supplemented with varying levels of phytobiotics. The result of the study indicated that the egg weight, Hen-day-
production (HDP), egg quality, and haugh unit significantly improved with a combined supplementation of phytobiotics 
(D4, D5, and D6 diets) when compared with the control. However, there were no significant differences in the chemical 
composition of eggs. The X-ray fluorescence spectrometer analysis of eggs revealed the presence of 17 significant 
elements, including phosphorous, sulfur, chlorine, potassium, calcium, manganese, iron, copper, zinc, and bromine. The 
study findings showed that the combined supplementation of phytobiotics lowered K and Cl, whereas Zn, Ca, S, and Cu 
contents positively increased in hen eggs by including phytobiotic in the diet. In conclusion, the EOs of phytobiotics as 
dietary supplementation at 1% and 0.5% could improve the HDP, egg weight, and egg mass, including nutrient elements 
in the egg. 
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ABSTRACT: Vitamin D is a fat-soluble vitamin that plays a crucial role in 
controlling Calcium and Phosphor homeostasis, bone mineralization, and 
modulation of immune responses. Vitamin C is a cofactor of enzymatic 
reactions with anti-inflammatory and antioxidant properties to prevent 
and repair damage to cells in the body from exposure to free radicals and 
the immune system. The current study aimed to investigate the effects of 
dietary supplementation of 25(OH)D3 with vitamin C at different doses on 
broiler breeders’ blood profile, egg quality, and hatchability. The 
adaptation process before collecting the data was 2 weeks. A total of 
6200 females and 620 male broiler breeders in the laying period aged 32-46 weeks were divided into 4 treatment groups 
with 5 replicates (each peach contained 310 female and 31 male breeders). The treatments included control as T0 (0 
g/ton Nutricell HyC®), T1 (100 g/ton Nutricell HyC®), T2 (200 g/ton Nutricell HyC®), T3 (400 g/ton Nutricell HyC®) 
supplemented in feed. The observed variables were performance in breeding farms and hatcheries. The treatments with 

experimental doses indicated significant differences in the performance of broiler breeders, including feed intake, body 
weight, egg weight, egg mass, hen day production, hen house production, feed conversion ratio, and parameters of blood 
profile. The results showed a significant difference between the treatments and the control group in terms of hatch 
performance, clear eggs, exploding eggs, hatchability eggs, fertile eggs, salable chicks, and hatching of fertile eggs. 
However, no significant effects on fertility, culling of chicks, and embryonic mortality in the treatment groups were 
indicated. In conclusion, Nutricell HyC® with a dose of 400 g/ton in feed has indicated the best result in breeding farm and 
hatchery performance of broiler breeders in the laying period. 
Keywords: Blood profile, Broiler breeder, Calcidiol (25(OH)D3), Nutricell HyC®, Performance, Vitamin C 
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ABSTRACT: Heavy metals are a group of elements that could be found in 
poultry feeds and influence poultry production. Poultry feed generally 
consists of agricultural products, such as maize, groundnuts, and wheat, 
which may also be contaminated by mycotoxins. The use of mycotoxins 
and heavy metals contaminated feed in the poultry sector might 
represent a potential source of cross-contamination for humans. This 
study aimed to analyze total aflatoxins (AFs), aflatoxin B1 (AFB1), 
ochratoxin A (OTA), chromium, copper, nickel, zinc, arsenic, cadmium, 
lead, and mercury in poultry feed from the Centre, Littoral, and Western 
regions of Cameroon. In this order, six local broiler feeds, six local layer 
feeds, and three imported layer feeds were randomly collected from each region and analyzed using inductively coupled 
plasma spectrometry for heavy metals and competitive indirect ELISA for mycotoxins. The results indicated that all feed 
samples contained the analyzed mycotoxins and heavy metals. The ranges for the mean concentrations of mycotoxins 
were 3.5-19.7, 2.7-19.3, 0.8-1.1 µg/kg for AFs, AFB1, and OTA, respectively. They were globally below the established 
regulated limits (20 µg/kg for AFs, 10 µg/kg for AFB1 and 5 µg/kg for OTA). The bulk layer feed from the Littoral region 

had the highest lead (995.8 ± 0.4 µg/kg) and cadmium (3.3 ± 0.0 µg/kg) concentrations. The average concentration of 
lead was above the permissible limit (10 µg/kg). Bulk broiler feed from the Littoral region scored the highest 
concentration of arsenic (2819.4 ± 0.1 µg/kg) above the permissible limit (500 µg/kg). Bulk broiler feed from the Centre 
region showed the highest concentration of mercury (5.6 ± 0.0 µg/kg) although lower than the permissible limit of 100 
µg/kg. This study demonstrates that there are potential safety issues associated to poultry feeds used in some regions of 
Cameroon. It suggests a possible low productivity of poultry and health issues for consumers. 
Keywords: Aflatoxin, feed, Contamination, Heavy metals, Ochratoxin A, Poultry  
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ABSTRACT: Soybean (Glycine max) is a principal vegetable protein 
source in the animal feed industry in Nigeria, including the poultry feed 
industry, but because of the fact that it contains various anti-nutritional 
factors, the raw full-fat cannot be used in poultry nutrition. The present 
study was carried out to examine the carcass, and internal organ 
characteristics of broiler chickens fed a soybean diet. A total of eight 
hundred and four unsexed one-day-old broiler chickens (Arbor Acre) with 
an average weight of 45 ± 1.1 g were used in 56 days feeding trial to 
observe the effect of different processing methods of soybean on broiler 
chicken carcass and organs characteristics including; liver, spleen, lungs, 
crop, bile, pancreas, heart, intestine and empty gizzard. There were four 
dietary treatments (T1-T4), each containing soybean meal as the control diet, dried-boiled soybean, roasted soybean and 
dried-fermented soybean. Each treatment was replicated three times with 67 broiler chickens per replicate, giving 201 
broiler chickens per treatment. The experiment was arranged in a completely randomized design. The starter diet was fed 
for 4 weeks and the finisher diet for 4 weeks. At the end of the feeding trial, 15 broiler chickens were randomly selected 
for sampling and collecting the data. The weight of the internal organs and carcass characteristics showed no significant 
difference in the treatment groups, but the fermented method showed the highest value in the live weight (2075.00 g), 
eviscerated weight (1532.46 g), and breast weight (483.72 g) compared to other carcass parameters in other treatments 
including the control diet. It is, therefore, concluded that for optimal broiler growth, the fermented processing method of 
soybean is recommended. 
Keywords: Broilers chicken, Carcass characteristic, Diet, Internal organ, Processed soybean 
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ABSTRACT: Coccidiosis is a critical disease in the poultry industry 
worldwide. Producers apply different strategies to control and prevent 
this disease. Herbal drugs are suitable remedies for reducing losses 
associated with coccidiosis in poultry. The present study aimed to 
evaluate the effectiveness of an herbal mixture in preventing coccidiosis. 
A total of 160 broiler chickens were divided into four treatment groups, 
with five replicates for each. Experimental infection of all groups, except 
group D, was carried out with mixed Eimeria species (E. tenella, E. 
necatrix, E. brunetti, and E. maxima) on day 14. Broiler chickens in 
group A were given an herbal mixture (75% Quercus infectoria, 16% 
Artemisia annua, and 9% Allium sativum) as feed additives during the 
rearing period, and group B was treated with Monensin. No treatment was applied to group C after the chickens were 
experimentally infected with mixed Eimeria spp. Group D was used as the negative control since chickens in this group 
were not infected or sick during the experiment. Body weight gain, feed conversion ratio (FCR), mortality rate, intestinal 
lesion scoring, and oocyst count per gram (OPG) were evaluated in this study. The results of the present study revealed 
that the highest mean body weight was gained in group D, followed by chickens in group A. The best FCR results were 
attributed to chickens in group D, followed by group B. In this study, both drugs decreased mortality rate, intestinal lesion 
scores, and OPG in the treated chickens. In conclusion, this herbal mixture can reduce coccidial lesions. 
Keywords: Broiler, Coccidiosis, Herbal mixture, Prevention 
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ABSTRACT: Sargassum binderi has been potentially used as laying hen 
feed since it contains bioactive compounds useful for poultry health. In 
addition, the high alginate content of S. binderi has made it 
inappropriate for the poultry diet. Therefore, the alginate content should 
be reduced before its use in poultry feed. This study aimed to reduce the 
alginate of S. binderi for use as laying hen feed. The experiment was 
performed in two phases in a completely randomized design. The first 
phase included heated S. binderi in the autoclave and the second phase 
entailed the immersion of S. binderi in whiting filtrate. The treatments in 
the physical method contained a control group, and four treatment 
groups heating for 15, 30, 45, and 60 minutes. The treatments in the 
chemical method had a control group and four treatment groups with immersion periods of 1, 2, 3, and 4 hours. Each 
treatment was repeated five times, and the investigated parameters were crude protein, total dry matter, organic matter, 
ash, and alginate, respectively. The heating durations of S. binderi in an autoclave and different immersion periods of S. 
binderi in whiting filtrate did not significantly affect total dry matter, organic matter, ash, alginate, and crude protein. The 
results of this study showed that physical treatment (heat treatment) and chemical treatments (whiting filtrate 
immersion) did not have a significant effect on the alginate content, crude protein, ash, dry matter, and organic matter. 
Keywords: Alginate, Heating, Laying hen, Sargassum binderi, Whiting filtrate 
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ABSTRACT: Necrotic enteritis (NE) is a common worldwide poultry 
disease caused by the bacterium of Clostridium perfringens (C. 
perfringens) which has significant economic losses in the poultry industry 
as well as the cost of treatment and preventive measures. The current 

study was conducted to evaluate the incidence of NetB toxin positive in 
C. perfringens on different farms in Egypt. In the years 2020 and 2021, 
on industrial broiler farms (15-45 days- old), 100 intestinal samples were 
collected consisting of 30 healthy Ross broiler chickens and 70 unhealthy 
Ross broiler chickens. Culture and biochemical characterization (Catalase, 
urease, sugar fermentation, gelatin liquefaction, nitrate reduction, and 
lecithinase reaction tests) confirmed that C. perfringens was isolated at a 
rate of 10% (3/30) from apparently healthy broiler chickens and 40% from unhealthy broiler chickens. Thirty-one isolates 
were tested for toxigenicity and typing by ELISA kits and the results showed that 80% of the isolates from unhealthy 
broiler chickens were C perfringens type A alpha-toxin (toxigenic), 20% were non-toxigenic, and 66.7% isolates from 
apparently normal broiler chickens were toxigenic. The same thirty-one (44%) C. perfringens isolates were detected by 
PCR to investigate the presence of the NetB toxin gene in apparently healthy and unhealthy broilers and subsequently 
detect the role of NetB toxin in inducing NE. Of the samples, 82% of the isolates from unhealthy chicks were found to 
incode NetB gene, while none of the isolates from healthy broiler chickens had NetB. Clostridium perfringens showed 
sensitivity to amoxicillin, amoxicillin with clavulanic acid and ampiclox, intermediate for ofloxacin, and high resistance to 
cephalexin, streptomycin, colistin sulfate, erythromycin, sulfa trimethoprim, gentamycin, and oxytetracycline. The present 
study revealed the importance of NetB gen in the appearance of clinical signs of NE in broiler chickens. 
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ABSTRACT: As a potent antioxidant, Vitamin E may lessen the 
potentially harmful consequences of such oxidative stress to protect 
broilers against immune-pathological damage. Broiler chicken growth and 
viability are enhanced by Vitamin E supplementation. The present study 
aimed to investigate the effects of Vitamin E dietary supplementation on 
broiler chickens’ growth performance and health status. A total of 48 
one-day-old Ross chicks were randomly divided into two groups of 
control and treatment (supplementation of Vitamin E at a dose of 300 
mg/kg diet) with three replicates per group. The study included an equal 
number of Ross breed chicks and Vitamin E dosage in two trials on two 
different dates (January and March, 2022). In both trials, the obtained 
results indicated no significant changes in weight gain in the control and 
treatment groups. In both trials, there were no significant differences in the spleen weight of the control and treated 

groups; however, from day 1 to 28 of the second trial, the bursa of Fabricius was heavier in the treated group than in the 
control group. Additionally, Vitamin E  had no significant effects on the mitogenic responses to phytohemagglutinin (PHA) 
and Concanavalin A (Con A). Dosages of 20 and 10 µl for both PHA and Con A did not significantly affect the rate of pure 
lymphocyte proliferation in chicks fed 300 mg Vitamin E /kg feed. Cell-mediated immunity did not differ significantly 
between the two trials. The percentages of CD4, CD8, Bu1, and MHCII molecules in the spleen and cecal tonsil of the 
chicks that received Vitamin E   300 mg/kg feed did not change significantly. The antibody titers against infectious 
bronchitis and infectious bursal disease vaccines showed no significant differences. On day 42, there was a trend toward 
an increase in antibody titer in the case of the Newcastle disease vaccine. In conclusion, 300 mg/kg of Vitamin E added to 
the diet did not improve growth performance and immunity in broiler chicks. 
Keywords: Broiler chicken, Growth performance, Immune system, Vitamin E  
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ABSTRACT: The quality of broiler chicken carcasses is greatly influenced 
by feed management and the number of nutrients digested in the 
digestive tract that will be utilized for optimal meat production. The study 
aimed to determine the effect of feeding fermented feed at different 
times on the production performance and quality of broiler chicken 
carcasses. The number of day-old chicks used in this study was 180 
broiler chickens strain Cobb. This study was carried out experimentally 
using a complete randomized design consisting of four treatments and 
five replications. Each treatment carried out in this experiment consisted 
of a different length of time, namely feeding for 2, 3, 4, and 5 weeks. 
Experimental parameters included feed consumption, weight gain, and ration conversion. In addition, the carcass quality 
was investigated as live weight, carcass percentage, and percentage of broiler chicken abdominal fat. The results showed 
that the longer the time of fermentation feed significantly increased feed consumption by 40.07% and increased 13.77% 
weight gain, as well as decreased ration conversion by 25.33%. Furthermore, the same results were also obtained 
regarding live weight by 17.80% and increased percentage of the carcass by 8.84%, while the percentage of abdominal 
fat decreased by 12.90%. It can be concluded that the provision of fermented feed for 5 weeks can improve the 
production performance and carcass quality of broiler chickens. 
Keywords: Broiler chicken, Carcass quality, Fermented feed, Performance 
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ABSTRACT: Local chicken breeding is widespread in Niger, a country 
with harsh environmental conditions. This study aimed to investigate the 
effects of sex, temperature, and hygrometry variations on the body 
weight gain and growth curve of local Nigerien chickens. Two groups of 
local chickens were followed from hatching to 20 weeks of age. The first 
and second groups consisted of 96 and 124 chickens, respectively. Three 
seasons were identified based on continuously recording ambient 
temperature and humidity over a year. The dry and warm seasons 
(February, March, April, and May), the wet and warm seasons (June, 
July, August, and September), and the dry and cold seasons (October, November, December, and January). The average 
hatch weight was about 24 g, and monthly body weight gains ranged from 100 to 360 g. Asymptotic weights were 
2214.02 ± 69.94 g and 1776.93 ± 63.57 g for roosters and 1380.25 ± 25.96 g and 1433.08 ± 71.24 g for hens. The 
sexual maturity rates indicate that hens are more precocious than roosters. Sex and season had significant impacts on 

the growth performance of the chickens. In conclusion, the results of the present study indicated that the optimal time to 
raise local chickens in rural Niger is from June to January, and males are better candidates for meat production. 
 
Keywords: Growth curve, Hygrometry, Local chicken, Temperature, Weight gain 
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ABSTRACT: Egg quality is considered as both internal egg quality that 
focuses on the egg content and external egg quality that focuses on the 

eggshell. This study investigated the effect of storage time on ostrich 
egg quality. A total of 15 ostrich eggs were obtained from Dibete Ostrich 
Multiplication Unit and subjected to five storage periods (0, 3, 6, 9, and 
12 days) at room temperature (18-25oC). The measured parameters 
were egg weight, egg length, egg width, yolk weight, albumen weight, 
albumen height, yolk height, shell weight, egg specific gravity (ESG), 
egg surface area, Haugh Unit (HU), egg shape index, albumen ratio, 
shell ratio, yolk ratio and weight of egg contents. Results showed that 
storage time did not influence egg weight for eggs stored for 0, 3, and 6 
days. On the other hand, storage time significantly affected egg weight for eggs stored at 9 and 12 days. The albumin 
ratio for egg storage duration had no significant impact on eggs held for 0, 3, or 6 days. However, the albumen ratios of 
eggs held for 9 and 12 days were impacted by the storage period compared to those stored for 0, 3, and 6 days. The HU 
for the eggs stored for 0, 3, and 6 days was not affected by storage time. On the contrary, the HU for eggs stored for 9 
and 12 days was significantly impacted by storage time as the HU decreased with the prolonged storage time, compared 
to those stored for 0, 3, and 6 days. The results of this study suggest that ostrich eggs should not be stored for more 
than 6 days at ambient temperature to avoid egg quality degradation.  
Keywords: Cuticle, Egg quality, Ostrich eggs, Storage time 
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ABSTRACT: One of the most prominent viral diseases affecting the 
poultry industry is hydropericardium syndrome caused by fowl 
adenoviruses. Hydropericardium syndrome has recently led to significant 
economic losses in the Egyptian poultry sector. Many outbreaks of 
hydropericardium syndrome have been documented across the country in 
the last few years. This research examined the epidemiology and 
molecular characterization of fowl adenoviruses in broiler chickens in 
Egypt. Samples were taken from 26 outbreaks of commercial broiler 
chicken farms in the Beheira and Menofia governorates, Egypt, from 
January 2021 to March 2022. Adenoviruses genomes were detected in 
cloacal swabs of 10 flocks using polymerase chain reaction. Clinically, 
infected broiler chickens (Cobb, Ross, Indian River, Modified-Avian, and Arbor Acres) showed depression, ruffled feathers, 
retarded growth, and ascites, with mortality rates of 10-28%. The most common postmortem lesions were 
hydropericardium, yellowish enlarged liver with ecchymotic hemorrhages, pancreatitis, and enteritis. Histopathologically, 
intranuclear inclusion bodies, commonly basophilic type, were scattered in the hepatocyte, proventriculus, duodenum, 
kidney, pancreas, and spleen. In addition, depletion of lymphocytes in the bursa of Fabricius and the thymus was 
observed. Seven samples were selected for gene sequencing of the loop 1 region of the hexon gene. The sequence 
analysis revealed that all samples were identical and similar to fowl adenoviruses species D serotype 2/11, suggesting 
that this serotype was the predominant fowl adenoviruses circulating in the study location in the last two years. Further 
studies are required to address the pathogenicity of isolated fowl adenoviruses and evaluate the vaccine used to control 
fowl adenoviruses in Egypt. 
Keywords: Fowl adenoviruses, Hexon, Hydropericardium syndrome, Phylogenetic analysis, Polymerase chain reaction 
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ABSTRACT: Currently, poultry specialists are working hard to find feed 
additives of natural origin. Medicinal plants are a source of a wide range 
of biologically active compounds with multifunctional effects, including 
antimicrobial ones. To understand the potential use of various medicinal 
plants and their extracts in poultry farming, the current study aimed to 
investigate the effect of feeding different doses of water-ethanol extract 
of Urtica dioica (Urtica dioica L.) on the egg productivity of laying hens. A 
total of 300 laying hens were divided to control and five experimental 
groups of chickens, each with 5 replicates. During the entire experiment, 
the laying hens of the control group were fed complete compound feeds 
according to the egg-laying phase, and the chickens of the experimental groups were additionally fed Urtica dioica extract 
in different doses. The results indicated that feeding laying hens with Urtica dioica extract in doses of 5, 10, 15, 20, and 
25 mg/kg of body weight had a positive effect on their egg productivity. An increase in egg production per average laying 
hen in the experimental groups was 2.6-6.1%, and the intensity of egg production was 2.1-5.4%, compared to the 
control. However, the feed consumption in all experimental groups decreased. When introducing Urtica dioica extract into 
full-fledged compound feeds for laying hens, there was an increase in the relative egg white content, egg white/egg yolk 
ratio, and a decrease in relative yolk and shell content. Accordingly, it is suggested to include Urtica dioica extract at a 
dose of 15 mg/kg in the diet of laying hens which can improve economic efficiency and egg parameters. 
Keywords: Chemical composition, Egg morphology, Egg production, Feed conversion, Medicinal plant 
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ABSTRACT 
Heat stress remains a major challenge affecting poultry production in sub-tropical and tropical environments; 

hence it continues to receive attention. The present study aimed to discuss heat stress and its effects on poultry 

production and suggests mitigation strategies to combat the effects of increased environmental temperature on 

poultry performance. Poultry raised in hot climates suffers from heat stress, which reduces meat and egg 

production, reproductive performance, feed intake, and feed conversion efficiency leading to poor growth 

rates. Reduced feed intake results in a reduction in meat quality, growth, egg yield, and quality. A decrease in 

feed utilization efficiency is the major cause of poor growth performance in hot environments. To counteract 

the negative impacts of high ambient temperatures on the performance of poultry, a wide range of 

management practices are widely used, including nutrient manipulations (particularly protein and energy), 

electrolyte and vitamin supplementation, feed form (especially particle size and moisture content), choice 

feeding, controlled feeding, time of feeding, wet feeding, water management, and use of new breeds that thrive 

well in hot environments. These management practices help lower heat load and facilitate evaporative cooling, 

all of which may positively impact poultry performance and health. 
 

Keywords: Choice feeding, Feed conversion efficiency, Heat stress, Poultry production. 
 

 

INTRODUCTION 
 

There has been a significant increase in global average 

temperatures recently, which has affected the farming 

sector in the tropics (Barrett et al., 2019; Sohsuebngarm et 

al., 2019; Kennedy et al., 2022). High temperature above 

32
o
C depresses feed intake, leading to poor performance in 

poultry (Cassuce et al., 2013; Sohsuebngarm et al., 2019). 

In addition, the increase in temperature results in the 

number of etiologically harmful microorganisms in the 

environment around the animals increasing. Due to an 

increase in parasites and microorganisms, climate change 

influences disease emergence and transmission (Ranjan et 

al., 2019). When the temperature in a living organism 

exceeds the threshold limit (i.e., thermo-neutral zone), it 

disrupts normal physiological functions and causes cell 

damage (Mack et al., 2013; Kennedy et al., 2022). High 

environmental temperatures typically cause stress-related 

issues such as output losses, metabolic alterations, poor 

development, and inefficiency (Dayyani and Bakhtiari, 

2013; Afsal et al., 2018). At high temperatures, feed intake 

decreases while water intake increases (Mottet and 

Tempio, 2017). 

Due to their insulating feathers, the absence of sweat 

glands on the skin, and the significantly high mass-to-body 

surface area ratio, broiler chicken strains are highly 

susceptible to rising temperatures (Scanes, 2015; Sejian et 

al., 2018; Bernabucci, 2019) compared to laying hens. In 

broiler chickens, for instance, rigorous genetic selection 

has enhanced metabolic activity in the pursuit of a higher 

development rate, further eroding the potential of a 

modern bird to withstand heat (Tamzil, 2014; Bohler et al., 

2021). The broiler sector is confronted with heat stress, 

which raises production costs and degrades meat quality. 

This is attributable to the vulnerability of poultry to heat 

stress given the rapid metabolic and faster growth rates. In 

chickens, notably broilers, grown in hot climates, 

metabolic changes occur, resulting in a significant 
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reduction in breast muscle growth (Safdar and Maghami, 

2014). 

Heat stress is divided into two types: acute heat 

stress (AHS), which is characterized by exposure to high 

temperatures for a short time, and chronic heat stress 

(CHS), which is characterized by exposure to high 

temperatures for a longer time (Lara and Rostagno, 2013; 

Pawar et al., 2016). In contrast to acute heat stress, chronic 

heat stress can increase fat content while destroying the 

muscles (Song and King, 2015; Adu-Asiamah et al., 

2021). Besides the duration of excessive heat, the degree 

of heat stress influences the level of production (Adu-

Asiamah et al., 2021). Both AHS and CHS have the 

potential to produce a significant decrease in poultry 

metabolism, which could lead to substantial issues with 

broiler growth performance and carcass characteristics 

which include meat color change, water holding capacity, 

muscular pH, and meat juiciness (Song and King, 2015; 

Gonzalez-Rivas et al., 2020). 

Understanding the basic aspects underlying the 

causes, and impacts of heat stress, as well as, the 

approaches that can be used to mitigate or control such a 

widespread threat, will help solve worldwide food security 

challenges. Despite the ongoing debate in the literature on 

heat exposure, a synthesis of knowledge on such systems 

in terms of elevated ambient temperature exposure is still 

yet to be published. Therefore, this review aimed to 

discuss the management strategies that poultry producers 

can utilize to boost production in hot places around the 

world. 

 

EFFECTS OF HEAT STRESS ON POULTRY 

 

Heat stress (also referred to as hyperthermia) is a 

result of global warming and is considered one of the 

crucial factors that negatively influence poultry production 

(Vandana and Sejian, 2018). Excessive heat depresses feed 

intake, feed conversion efficiency, growth, meat and egg 

output, and reproductive function (Alverdy and Luo, 2017; 

Quinteiro-Filho et al., 2017; Rostagno, 2020). The reduced 

feed intake due to high temperatures has a negative effect 

on semen quality and fertility, thus leading to poor 

hatchability rates (Nawab et al., 2018; Nyoni et al., 2019). 

In addition, heat stress affects a poultry’s production 

performance, digestive health, body temperature, 

immunological responses, hunger hormone modulation, 

and oxidative properties (Goel, 2021). Recently, Nawaz et 

al. (2021) observed that heat stress degrades meat quality 

by altering the pH, water-holding capacity, and drip loss in 

the meat leading to changes in the normal meat color, 

flavor, and texture of chicken meat. Moreover, the effects 

of heat stress on meat quality include a reduction in 

protein synthesis and an increase in unfavorable fat 

(Kadykalo et al., 2018). By adjusting to changing climatic 

conditions, poultry frequently sacrifices their production 

capacity (Slawinska et al., 2019; Smith et al., 2019). 

However, poultry breeds are more resilient to climate 

change which continues to influence egg and meat 

production (Farag and Alagawany, 2018; Liverpool-Tasie 

et al., 2019). 

Overcrowding and high outside temperatures 

contribute to the development of heat stress. However, by 

increasing cooling options, which include using the 

fogging system, use of a wet pad system, and micro-

sprinklers, the heat load may be reduced by lowering the 

heat production level or changing the pattern of thermal 

production throughout the day (Gicheha, 2021). 

Commercial broilers' growth rate and meat yield are 

known to be slowed by high ambient temperatures (Zhang 

et al., 2017). In addition to poorer weight gain, high 

mortality rate, and reduced feed consumption, high 

temperatures negatively affect intestinal development 

(Rostagno, 2020). Furthermore, high temperatures disrupt 

broilers’ acid-base balance and increase respiratory rate 

which can contribute to respiratory alkalosis (Scanes, 

2015). 

Heat stress can have a substantial influence on layer 

flocks, but some precautions can be done to keep hens 

healthy and produce eggs. For instance, the lighting 

schedule should be changed to provide more light hours 

during the colder hours of the day to promote feed 

consumption during cooler times of the day. In addition, 

when it is hot outside, it is best to lower stocking density 

(Reddy and Ramya, 2015; Abbas et al., 2021). High 

stocking rates during the hot season can lead to inadequate 

ventilation. Early heat conditioning also appears to be an 

effective method for boosting the heat tolerance of some 

chicken breeds (Saeed et al., 2019). Layer flocks can be 

kept calm by starving or fasting during hot hours (Saeed et 

al., 2019; Bilal et al., 2021; Shakeri and Le, 2022). 

Therefore, egg producers must be prepared when summer 

temperatures rise as egg yield will decrease and flock 

mortality increases (Yahav, 2015; Sinha et al., 2018). 

During the chicks' first few days of life, chickens 

cannot regulate its heat production in response to the 

environmental temperature, therefore a decrease in 

environmental temperature leads to a reduction in body 

temperature (Ranjan et al., 2019). However, after 21 days, 

chicks start to develop additional homeothermic traits, 

such as the capacity to match their heat production to the 
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surrounding temperature, allowing them to endure the 

lowering effect that a decrease in ambient temperature has 

on their body temperature (Ranjan et al., 2019; Saeed et 

al., 2019). The normal body temperature of an adult 

chicken is 40.6-41.7
o
C (Ranjan et al., 2019). The 

comfortable ambient temperature for adult poultry is 18-

24
o
C, whereas chicks require higher temperatures of 

around 32
o
C in their first week of life which decreases 

over time (Scanes, 2015). Above 32
o
C, poultry fails to 

maintain their normal internal body temperature, due to 

the absence of sweat glands and the presence of complete 

feather coverage of the body (Hu et al., 2016). When the 

ambient temperature rises above 24
o
C, the internal body 

temperature of the chicken also rises, which causes it to 

consume less feed (Cassuce et al., 2013). Heat stress, 

panting, and prostration results at a temperature above 

35
o
C (Hu et al., 2016). When a chicken's core body 

temperature reaches a critical level of 47°C, sometimes 

known as the upper lethal temperature, chickens may die 

from heat prostration (Reddy and Ramya, 2015; Scanes, 

2015). In laying hens, heat stress causes low egg 

production and an increased number of hatching egg 

rejects in breeder hens (Abbas et al., 2021). Heat stress is 

less likely similar to affect younger and lighter chicks than 

older and heavier chickens (Farag and Alagawany, 2018). 

Therefore, heat stress can be alleviated by modifying the 

macro and microenvironments in which chickens are kept. 

High humidity and high environmental temperatures 

adversely affect poultry production (Saeed et al., 2019; 

Yousaf et al., 2019). 

 

POULTRY RESPONSES TO HEAT STRESS 

 

The susceptibility of broiler chickens to heat stress 

increases as air relative humidity and ambient temperature 

values are above the thermal comfort zone (16-23
o
C and 

50-70% relative humidity), making it hard for birds to 

release heat (Gamba et al., 2015). This results in their 

body temperature rising, which harms their growth 

performance. Hot weather causes poultry to perform 

poorly as it results in decreased feed intake and increased 

water intake (Saeed et al., 2019; Rahman and Hidayat, 

2020). At high temperatures, laying hens lay fewer eggs, 

watery eggs, and eggs with thin shells or even shell-less 

eggs due to lack of calcium; grow slower; and are more 

likely to become sick due to their compromised nutritional 

requirement as protein digestibility is reduced up to 9.7% 

(Habashy et al., 2017; Nawaz et al., 2021). In broiler 

chickens, decreases in growth rates, feed efficiency, 

immunity, and carcass quality were observed at high 

ambient temperatures (Dayyani and Bakhtiyari, 2013). 

Aswathi et al. (2019) reported a reduction in fertility 

percentage (-7.22%) and hatchability of fertile egg sets (-

2.51%) in breeders. Heat stress has a negative effect on 

not just feed intake and utilization, but also carcass quality 

(Rath et al., 2015, Aswathi et al., 2019; Rahman and 

Hidayat, 2020) due to the unfavorable partitioning of 

metabolizable energy consumed, with a large proportion 

of it being stored as fat and the remainder as muscle 

(Rahman and Hidayat, 2020). The signs of a heat-stressed 

chicken include panting, extending the wings, holding the 

wings slightly apart from the body, standing or lying 

down, and closing the eyes (Dayyani and Bakhtiyari, 

2013). A study by Altan et al. (2003) reported that heat 

stress increases fearfulness, induces oxidative stress, and 

initiates significant physiological responses in broiler 

chickens. Birds can survive a gradual increase in 

temperature, but a rapid increase in temperature will result 

in higher mortality rates (Rostagno, 2020). Figure 1 

illustrates the responses of chickens to heat stress. 

 

 
 

Figure 1. Poultry responses to heat stress  
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BIOLOGICAL CHANGES IN CHICKENS DUE 

TO HEAT STRESS 

 

Heat stress in poultry results in several behavioral, 

physiological, and neuroendocrine changes that influence 

health and performance (Ahmad et al., 2022). The major 

physiological changes that occur in heat-stressed poultry 

are discussed briefly below. 

 

Oxidative stress 

Reactive oxygen species (ROS) are peroxyl radicals 

produced by cells during normal metabolism and are 

required for physiological functions such as ion transport, 

immunomodulation, and cytokine production (Wasti et al., 

2020). Extra ROS is removed from cells through 

physiological detoxification processes. The Nrf2, a 

transcriptional factor when activated, under thermoneutral 

conditions, causes an increase in the production of a 

collection of antioxidant molecules that deal with the 

elevated ROS generated within the cell (Surai et al., 2019). 

Since the mitochondria create a significant amount of 

ROS, excessive mitochondrial ROS production may be a 

key factor in oxidative stress. Acute heat stress increases 

the formation of ROS from mitochondria, harming birds' 

skeletal muscles by oxidation (Akbarian et al., 2016). 

Acute heat stress causes an increase in the activity of the 

electron transport chain and mitochondrial substrate 

oxidation, which results in an excessive generation of 

superoxide (Akbarian et al., 2016). 

Heat stress has been linked to cellular oxidative 

stress in chickens (Estévez, 2015; Surai et al., 2019). 

Down-regulation of chicken uncoupling protein 

exacerbates the oxidative stress situation during the later 

stages of acute heat stress, leading to mitochondrial 

malfunction and tissue damage (Mishra and Jha, 2019). 

Constant heat stress reduces the mitochondria's ability to 

create oxidative energy and consequently increases the 

chicken’s uncoupling protein, this significantly alters the 

pattern of antioxidant enzyme activities, leading to the 

depletion of antioxidant reserves (Sahin et al., 2016). 

Oxidative stress has been linked to reduced growth rates, 

biological defects, loss of income, and severe health 

concerns in poultry (Estévez, 2015; Zaboli et al., 2019). 

While the chicken's physiology struggles to maintain 

thermal homeostasis, elevated ROS concentrations 

increase in stressful environmental situations (Sahin et al., 

2016). In an effort to defend itself from the damaging 

effects of ROS on cells, the body undergoes an oxidative 

stress state and starts to manufacture and release heat 

shock proteins (HSP,  Archana et al., 2017). Studies by 

Arnal and Lallès (2016) and Hao et al. (2017) have 

demonstrated that when exposed to heat stress, laying hens 

and broilers have higher HSP70 levels. 

 

Role of genes in heat stress 

The global poultry industry has difficulty with 

genetic screening for high-temperature tolerant broilers 

(Zeferino et al. 2016). Therefore, crossing commercial 

chickens with strains that are highly tolerant to high 

temperatures can also be used to integrate heat stress 

resistance into the genome. The most common breeding 

approach for generating a commercial hybrid robust to 

tropical conditions and capable of producing a respectable 

amount of eggs and meat is a crossbreeding program 

between indigenous and foreign breeds (Duangjinda et al., 

2017; Abd El-Hack et al., 2018).  

The introduction of genetics from high-temperature 

tolerant strains into grandparental stock is a useful 

technique for speeding up the genetic advancement of 

commercial strains that can withstand heat stress. In 

chickens, heat-tolerant genes such as dwarfism (Vandana 

et al., 2021), naked-neck (Desta, 2021), slow/rapid 

feathering (Wells et al., 2012), and frizzle genes (Fathi et 

al., 2013; 2019), have been extensively studied. In every 

case, the chickens' appearance and performance indicators 

which include body weight gain, body weight, and feed 

conversion ratio (FCR), were influenced by their genes 

(Nawaz et al., 2021). Another downside of temperature 

control is immune inhibition (Goel et al., 2021). When 

exposed to high ambient temperature, differences in the 

levels of several immunological marker genes including 

interleukins (ILs), tumor necrosis factors (TNF), and toll-

like receptors (TLRs) had a more pronounced increase in 

the spleen and intestine of chicks (Varasteh et al., 2015; 

Moraes et al., 2019). 

The response of prokaryotic and eukaryotic cells to 

potentially harmful stimulations like heat stress induces 

the synthesis of stress proteins which are referred to as 

heat shock proteins (Efeoğlu, 2009). Many strategies, 

including the development of thermotolerance, 

modification of apoptotic and anti-apoptotic signaling 

pathways, and control of cellular redox conditions, are 

used by heat-shock proteins to provide protection against 

heat stress to cells (Shehaha et al., 2020). The HSP70 and 

HSP90 relate to families of HSP that are around 70 and 90 

kilo Daltons, respectively (Datta et al., 2017). The HSP70 

gene is thought to protect the body from the harmful 

consequences of oxidative stress (Xie et al., 2015), 
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whereas HSP90 engages with client proteins during the 

last stages of folding and changes their shape (Kumbhar et 

al., 2018). The HSP70 is a chaperone polypeptide that 

successfully protects a variety of proteins and cell 

components from stress (Habashy et al., 2017; Perin et al., 

2021). In chickens, Cedraz et al. (2017) found a nucleotide 

polymorphism in the coding area of HSP70. Hyperthermia 

causes oxidative stress and promotes the formation of 

ROS, resulting in the stimulation of HSP70 expression 

(Robert et al. 2017). 

 

Acid-base balance 

As the ambient temperature rises, birds must release 

heat through panting as thermoregulation is difficult 

(Wasti et al., 2020). Panting is a behavior in which 

chickens open their beaks to increase their rate of 

breathing such that the respiratory tract will provide the 

evaporative cooling effect (Park and Kim, 2016). When 

panting occurs, CO2 is excreted faster than it is produced 

by the cells, causing the blood's regular bicarbonate buffer 

system to be disrupted. Carbonic acids (H2CO3) and 

hydrogen ions (H
+
) concentrations decrease when CO2 

levels are reduced (Hamm et al., 2015). On the other hand, 

the concentration of H2CO3 is raised leading to an increase 

in the blood pH, and the blood becomes alkaline. To cope 

with this situation and maintain a normal blood pH, 

chickens will begin to expel more H2CO3 and retain H
+
 

from the kidneys (Saeed et al., 2019). The increased H
+
 

disrupts the acid-base balance, resulting in respiratory 

alkalosis and metabolic acidosis, as well as, a reduction in 

poultry production (Zaboli et al., 2017). 

 

Suppressed immune-competence 

Chickens pant to expel heat and reduce body 

temperature, but they frequently experience instabilities in 

their overall energy balance because of insufficient feed 

consumption under heat stress (Hirakawa et al, 2020). In 

broilers, the weights of the main organs such as the liver 

and pectoral muscle do not improve as expected under the 

heat stress situation, in addition to impairment of broiler 

growth performance (Piestun et al., 2017; Hirakawa et al., 

2020; Tang et al., 2022). Decreased humoral immunity is 

one of the most common forms of immunodeficiency in 

heat-stressed chickens, which might increase the risks of 

secondary infections that restrict vaccination efficacy 

(Lara and Rostagno, 2013). 

Bursa of Fabricius is a fundamental immunological 

tissue unique to birds that are connected to the cloaca and 

it is necessary for B cell development and antibody 

competence diversification brought on by gene conversion 

and V(D)J recombination that causes B cell exportation to 

the lower limbs (Ratcliffe et al., 2014; Monson et al., 

2018). Continuing heat stress accelerates the rate of the 

bursa of Fabricius atrophy and adds to the atrophy of the 

other immune components in hens intensively selected for 

muscle yield and growth (Jahanian and Rasouli, 2015; 

Campbell et al., 2019). Reduced intestinal integrity, which 

increases exposure to pathogens and antigenic compounds 

such as lipopolysaccharides (LPS), or systemic stress 

responses such as circulatory cytokines and acute-phase 

proteins, could affect the bursa of Fabricius during heat 

stress (Nochi et al., 2018). These factors influence the 

formation, survival, and motility of the bursa of Fabricius 

(Calefi et al., 2016). 

The hypothalamic-pituitary-adrenal and sympathetic 

adrenal medullar axis are the main mechanisms by which 

the body's immune response can be altered (Herman et al., 

2016; Goel et al., 2021). Neuroendocrine products of both 

the hypothalamic-pituitary-adrenal and sympathetic 

adrenal medulla axes including cortisol and 

catecholamines have been shown to have receptors on 

monocytes, lymphocytes, and granulocytes, which might 

affect proliferation, cytokine production, cellular 

trafficking, cytolytic activity, and antibody production 

(Bohler et al., 2021). Heat stress affects the microbiome's 

makeup and abundance in addition to causing oxidative 

stress in the gut epithelium, which impairs permeability 

and increases susceptibility to infection and inflammation 

(Cao et al., 2021). 

It has been shown that broilers that have been 

exposed to heat stress had decreased concentrations of free 

circulating antibodies and specific IgG and IgM, along 

with lower levels of general and humoral reactivity (Van 

Goor et al., 2017). The weights of the bursa, thymus, liver, 

and spleen were also observed to be drastically lowered. 

Similarly, Cantet et al. (2021) reported reduced bursa 

weight and lymphocyte numbers in the medulla and the 

cortex regions of the bursa in broilers exposed to heat 

stress. Faud et al. (2016) also reported that heat stress was 

associated with a decrease in spleen and thymus size in 

laying chickens. Heat stress has also been shown in recent 

research to change the number of circulating cells (Santos 

et al., 2015). Due to lower quantities of circulatory 

lymphocytes and greater concentrations of heterophils, 

heat stress leads to a significant increase in the heterophil: 

lymphocyte ratio which is an indication of chronic stress 

(Santos et al., 2015; McGregor et al., 2016). Consequent 

to this, communicable and infectious poultry diseases such 

as Newcastle and infectious bursal disease become more 

prevalent in tropical environments throughout the summer 
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(Badruzzaman et al., 2015; Saelao et al., 2021). In another 

study, Hirakawa et al. (2020) reported lowered levels of 

antibodies in heat-stressed birds (Hirakawa et al., 2020). 

 

Neuroendocrine changes 

During heat stress, the neuroendocrine system is 

critical for the maintenance of homeostasis and proper 

physiological functioning in poultry (Jessop et al., 2016). 

The sympathetic nerves detect a rise in ambient 

temperature and send an impulse to the adrenal medulla 

(Kumari and Nath, 2018), which enhances catecholamine 

secretion in response to stress (Ruuskanen et al., 2021), 

resulting in elevated blood glucose levels, exhaustion of 

liver glycogen, loss of muscle glycogen, accelerated 

respiration rate, peripheral blood vessel vasodilation, and 

heightened neurological responsiveness (Kumari and 

Nath, 2018; Beckford et al., 2020). In response to stress, 

the hypothalamus releases a corticotrophin-releasing 

hormone (CRH), which induces the pituitary to release 

adrenocorticotrophic hormone (ACTH, Wasti et al., 2020). 

Corticosteroids are produced and released by the adrenal 

glands in response to ACTH (Souza et al., 2016). 

Corticosteroids increase plasma glucose levels by 

stimulating gluconeogenesis (Kumari and Nath, 2018). 

The thyroid thyroxine and hormones triiodothyronine are 

also crucial in maintaining a consistent metabolic rate by 

playing a pivotal role in digestion, and heart and muscle 

function (Cioff et al., 2013; Wasti et al., 2020).  

 

HEAT STRESS MITIGATION STRATEGIES 

 

The strategies to combat heat stress are categorized 

broadly as genetic approach, managerial practices, and 

nutritional manipulation. 

 

A genetic approach to mitigate heat stress 

Current developments in genetics and biotechnology 

may pave the way for the investigation of changes to the 

chicken gene to assist reduce heat stress (Cedraz et al., 

2017). The increased metabolic rate of improved broiler 

lines makes them more sensitive to heat stress. Therefore, 

improving the production qualities of these breeds in hot 

and arid environments may require creating poultry lines 

that incorporate some of the genes that reduce heat stress 

(Wasti et al., 2020). 

A single dominant autosomal gene called "naked 

neck" enables chicken necks to have less plumage, which 

helps the neck to dissipate heat (Tóth et al., 2021). In 

heterozygous necked neck (Na/na) and homozygous 

necked neck (Na/Na), the naked neck gene reduces the 

neck plumage cover by 20% and 40%, respectively, in 

comparison to normal siblings (na/na, Rajkumar et al., 

2010). In broilers, the Na gene is associated with an 

increase in body weight and breast muscle, a decrease in 

abdominal fat, and an increase in body temperature (Wang 

et al., 2018). It was found that the heterophil to 

lymphocyte (H/L) ratio and total plasma cholesterol levels 

of the naked-necked chickens were much lower 

throughout the hot season compared to normal chickens 

(Wasti et al., 2020). Under high temperatures, laying hens 

with the bare neck gene also demonstrated improvements 

in egg weight, number, and quality (Azhar et al., 2019). 

These experiments show that it is possible to use these 

genes to create a breed of chicken that can withstand heat 

stress. 

The frizzle (F) gene enables the feather's edge to 

curve, which decreases the feather's weight, enhances heat 

radiation from the body, and improves the feather's ability 

to act as an insulator (Nawaz et al., 2021). Relative to 

heterozygous carriers and regular feathered hens, laying 

hens with the homozygous frizzle gene had increased egg 

production and quality features by enhancing the extent of 

heat dissipation (Kumari and Nath, 2018). Except for 

sexual development under heat stress, there is a positive 

interaction between the feathering genotype (FF) and 

ambient temperature for all reproductive variables, 

including egg production, hatchability, and chick 

production (Dong et al., 2018). 

In poultry, a sex-linked recessive gene called the 

dwarf gene (dw) causes homozygous females and males to 

weigh about 30% and 40% less than normal, respectively 

(Zerjal et al., 2013). The benefit of the dw gene in heat-

stressed laying hens has been the subject of some debate 

(Wasti et al., 2020). However, Fathi et al. (2022) 

recommended the development and commercialization of 

frizzled and naked-necked, and dwarf genes in poultry. 

 

Managerial practices 

Housing  

In the tropics, poultry houses are predominantly 

naturally ventilated open-sided (Alchalabi, 2013). With 

rising air velocity, heat loss via radiation and convection 

can increase significantly (Saleeva et al., 2019; Elbaz et 

al., 2021). Therefore, it is best to allow natural airflow 

from the north and south sides while also shielding birds 

from direct sunlight throughout the day; thus, the shed's 

longitudinal direction should be from east to west (Oloyo 

and Ojerinde, 2019). To maintain their internal 

temperature, poultry houses should be designed with 

optimal insulation (Scanes, 2015). 
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The roof of the poultry shed should be at a 45
o 

angle 

which will be able to maximize the distance of the poultry 

from the heat accumulated under the roof (Oloyo and 

Ojerinde, 2019). Furthermore, water sprinkling can keep 

the roof cool at high temperatures (Saeed et al., 2019). The 

heat that is gained or lost from the building is significantly 

influenced by the size, pitch, the roof's color, reflectivity, 

and direction, as well as, the structure's ventilation system 

(Wang et al., 2018). According to Saleeva et al. (2019), 

the reflectivity of the roof can be increased by adding an 

aluminum roof or painting it with metallic zinc. 

Evaporative cooling technologies with cooling pads and 

sprinklers inside the chicken house can be used in farms 

with extreme outside temperatures and low relative 

humidity (Saeed et al., 2019). Glass wool is currently used 

as an insulating material in the ceiling of environmentally 

controlled chicken houses (Alchalabi, 2013). 

Stocking density is another factor that contributes to 

heat stress. A study by Moreki et al. (2020) in Botswana 

showed that the stocking density of 10-12 birds/m
2
 was 

ideal for open-sided poultry sheds in summer. The authors 

concluded that broiler chicken growth performance was 

negatively impacted by stock densities of more than 12 

birds/m
2
. In another study, Gholami et al. (2020) reared 

broilers at four different stocking densities (10, 15, 17, and 

20 birds/m
2
) under hot and dry conditions and observed 

that the stocking density of 10 birds/m
2
 resulted in lower 

FCR, higher body weights, weight gains, and feed intake 

compared to those reared at 15, 17 and 20 birds/m
2
. The 

higher metabolic rate of chickens during the summer 

increases heat generation inside the poultry house and 

slows heat loss during hot and humid weather giving rise 

to an increase in the poultry house's total temperature 

(Nilsson et al., 2016; Donald, 2018). 

The use of corrugated iron sheets and walls which 

are painted white to reflect heat is encouraged in sub-

tropical and tropical regions (Oloyo and Ojerinde, 2019). 

Furthermore, grass can be used as a roofing material 

which can also serve as an insulation material. Sidewalls 

should have roll-down reinforced curtains that can be 

adjusted for use in cold weather and at night (Bhadauria, 

2017). A sidewall's height should be between 25 and 70 

cm high to allow natural airflow during the hot period as 

side wall curtains will be rolled down (Oloyo and 

Ojerinde, 2019). The open space between the sidewall and 

the roof gable will be closed with a 25 mm wire mesh 

(Alchalabi, 2013). However, as technology progresses, the 

use of a closed housing system for the intensification of 

agricultural operations has increased significantly 

(Donald, 2018). Climate-controlled housing systems (also 

referred to as closed buildings) with exhaust fans, air 

conditioning, cooling pads, and cool perches are beneficial 

in assisting chickens in dealing with the negative 

consequences of heat stress (Bhadauria, 2017). Closed 

buildings, on the other hand, are costly to construct and 

maintain (Glatz and Pym, 2013). 

 

Feeding strategies 

Only feeding methods can lessen heat exhaustion if 

the animal generates less heat or dissipates heat from the 

body through radiation during tunnel ventilation, where air 

velocity is higher. Lower heat production can be realized 

by a reduced heat increment, catabolism of fewer nutrients 

above requirements, or more efficient nutrient digestion 

(Barrett et al., 2019). Broiler chickens compared to laying 

hens appear to need more attention to feeding schedules. 

Many of the difficulties related to heat exhaustion in 

broilers can be alleviated simply by feeding at the right 

time (Syafwan et al., 2011; Kennedy et al., 2022). To 

address heat stress, coarser meals, diurnal feeding patterns, 

self-selection procedures, and wet feeding are all viable 

options. The feed should be well processed into mash, 

crumb, or pellets, and supplementary feeders should be 

available on hot days to increase appetite (Rahman and 

Hidayat, 2020). 

The use of low-beam lights may also minimize 

activity, thus lessening the heat burden on the birds 

(Bhadauria et al., 2016). Lighting schedules are utilized 

for broiler chickens to control feed intake (Wu et al., 

2022) and provide access to feed and water, especially 

during the cooler parts of the day (De Oliveira and Lara, 

2016). The length of the photoperiod can be altered as an 

alternate strategy to enhance the well-being, immune 

response (Riber, 2015), and ultimately the performance of 

birds that are under heat stress (Parvin et al., 2014). Using 

low-intensity lighting when the temperature is high (for 

example 180 Lux) can prevent broilers from moving 

around and agitating, which can lead to them to be heavier 

(Mousa-Balabel et al., 2021; Wu et al., 2022). Mousa-

Babel et al. (2021) compared the performance of broiler 

chickens reared at low-beam blue light intensity (5 Lux), 

medium blue light (20 Lux), and high blue light intensity 

(320 Lux) and found that broiler chickens raised under 

low-beam blue light intensity had significantly higher 

body weight, body weight gain, antibody titers against the 

Newcastle disease virus, and foot pad dermatitis compared 

to their counterparts in high blue light intensity. In 

addition, chickens on low-beam blue light intensity had 

lower activity levels and heterophil/lymphocyte ratios, and 

FCR. 
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Feeding time is a significant component in reducing 

the effects of heat stress on feed intake and utilization 

(Farghly et al., 2018, Kennedy et al., 2022). Therefore, 

during the time of low temperatures, for example, in the 

early hours of the day and late evening, a significant 

portion of the feed should be supplied to the poultry, with 

the remaining amount available ad libitum. According to 

Daghir (2009), chickens that are feed-starved produce less 

heat than those that are fed; hence removing feed on hot 

days has some ameliorating benefits on performance. 

Farghly et al. (2018) reported that feed withdrawal 

involves alterations in intestinal morphology and depletion 

of intestinal mucosa due to fasting which may damage the 

intestinal cells. 

A study by Zaboli et al. (2019) reported that a rise in 

the room temperature from 21.1°C to 32.2°C leads to a 

decline in feed intake of around 9.5% /bird/day from 1 to 6 

weeks of age. In another study, He et al. (2019) reported 

that a rise in environmental temperature from 32.2°C to 

37.8°C results in a 9.9% decrease in feed intake per 

bird/day. It is, however, not recommended to allow birds 

to go for a long time without a feed as this will have an 

impact on growth and may increase skin scratches at 

feeding time resulting in downgraded carcasses (Suganya 

et al., 2015; Vandana et al., 2021). 

The form in which the feed is presented to the birds 

affects the consumption of poultry exposed to high 

environmental temperatures. In warmer conditions, 

poultry, particularly broilers, prefer eating larger particles 

(Ranjan et al., 2019; Massuquetto et al., 2020). According 

to Smalling et al. (2019), when broilers are fed pelleted 

feed, the energy required for feeding is reduced by 67%, 

allowing that energy to be channeled toward more 

productive applications. Khalil et al. (2021) reported that 

feeding pellets to laying hens during high ambient 

temperatures contributes to higher feed efficiency, egg 

production, and water intake compared to mash feeding. 

The physical feature of the pellets enables the birds to 

ingest feed with less wasted energy, therefore the pellets' 

quality and durability are extremely important. The FCR 

can be altered by 0.01 points if the pelleted feed contains 

10% fine particles (Ahmed and Abbas, 2013). 

The quantity of coarse particles in droppings is 

adversely correlated to the water in the droppings. The 

higher retention duration of coarse particles inside the 

gastrointestinal tract (GIT) is responsible for this 

association (Smalling et al., 2019; Abdel-Moneim et al., 

2021). In comparison to fine diets, coarse diets can enable 

more retention of water from GIT (Smalling et al., 2019) 

and this may aid to release the heat burden. More heat loss 

by evaporative cooling, on the other hand, emphasizes the 

importance of increased water intake in heat-stressed birds 

(Lara and Rostagno, 2013). Therefore, the provision of 

high-physical-quality feed will minimize energy expended 

and heat generated during feeding (Mir et al., 2018). 

Choice feeding encourages chickens to select a meal 

and reduce the heat burden associated with the metabolic 

process in hot environments. It could also help the 

chickens to better match their nutrient intake to their 

needs. When given a choice of diet, chickens are reported 

to select a variety of food items to meet their nutrient 

needs (Sinha et al., 2018). It has been observed that 

chickens that are choice fed choose feed ingredients with 

lower heat increments to minimize excess heat during the 

harshest times of the day, thus enhancing their heat 

tolerance (Diarra et al., 2014). Suganya et al. (2015) 

reported that choice-fed broilers ingest less protein and 

much more energy at high temperatures than those feeding 

on a complete diet, presumably to limit body heat output 

from protein-high heat increment. Similarly, De Almeida 

et al. (2012) observed that when Japanese quails were kept 

at temperatures ranging from 20 to 35
o
C, they chose to eat 

more calories and less protein when given a choice diet vs. 

a single complete diet. 

Diet management changes, including rehydrating 

feed, have long been known to improve poultry 

performance (Rahman and Hidayat, 2020). Relative to 

broiler chickens consuming dry feed, this technique 

enhances weight gain, feed intake, FCR, and the weight of 

the gut in broilers at ordinary temperatures (Kaldhusdal et 

al., 2016; Rostagno., 2020). In another study, it was 

reported that even though the weight of the digesta across 

the entire digestive system of chickens was lower while 

the feed intake was higher, wet feeding has been 

associated with a quicker rate of passage through the gut 

(Calefi et al., 2016). 

A previous study by Calefi et al. (2014) reported 

advancements in digestive efficiency which were assumed 

to be due to a higher empty weight, a longer gut length, 

and greater gut wall thickness in some areas of the 

digestive tract with wet feeding. Farghly et al. (2018) and 

Kadykalo et al. (2018) observed that wet feeding increased 

the ingesta’s fluidity, possibly indicating a faster digesta 

transit rate. Additionally, a thicker intestinal wall could 

help with digestion. Farghly et al. (2018), compared 

rehydrating to dry feed and found that rehydrating feed 

lowers digesta fluidity to a similar degree and promotes 

pre-digestion and absorption, presumably due to faster 

digestion enzyme penetration into feed particles. This may 

result in increased nutrient digestibility. In addition, 
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external enzyme inclusion in the wet feed may have an 

additional potential influence on absorption, since they 

may promote substrate accessibility for enzymes, hence, 

increasing nutrient absorption (Holtmann et al., 2017). 

Saleh et al. (2021) reported that wet feeding may improve 

performance because it increases dry matter (DM) intake 

at high temperatures. Egg weight and egg production 

could be boosted in this manner under high temperatures. 

Waiz et al. (2016) observed that compared to dry feeding, 

moistening laying hen’s feed at a 1:1 (feed: water) ratio in 

hot environments improves laying performance. High 

performance in hot conditions is predominantly caused by 

an increase in DM intake on wet feed, which enhances the 

intake of micronutrients (Afsharmanesh et al., 2016). 

At high temperatures birds eat less, thus failing to 

meet their nutrient needs (Rath et al., 2015). Therefore, 

heat stress can be alleviated by increasing the nutrient 

density of the diet. During summer, especially for broiler 

hens, adding fat to the diet should be taken into 

consideration to keep their daily energy requirement in 

line with their needs for growth (Diarra and Tabuaciri, 

2014; Teyssier et al., 2022). Due to fat's lower heat 

increment when compared to alternative energy sources 

like carbohydrates or proteins, the inclusion of fat in diets 

for broilers that are under heat stress improves their feed 

intake and performance (Rath et al., 2015; Pursey et al., 

2017). However, to achieve a balanced meal and hence 

optimize utilization, the content of other nutrients, notably 

proteins, must be appropriately adjusted whenever the 

energy density is raised by added fat (Rahman and 

Hidayat, 2020). Heat-stressed chickens have a strong urge 

to reduce feed intake to lower their body temperature 

(Wasti et al., 2020). Low-digestible energy and protein-

rich diets are favorable when heat stress is moderate 

(Lemme et al., 2019). In addition, it was reported that fat 

in the diet increases nutrient utilization by slowing feed 

passage through the GIT (Jha and Mishra, 2021). 

According to a previous study, polyunsaturated fatty 

acid-rich fat sources, such as soybean oil, fish oil, canola 

oil, flaxseed oil, and walnuts must be avoided or be used 

in moderation, indicating that caution must be exercised 

when choosing a fat source to include in a diet (Seifi et al., 

2020). According to Surai et al. (2019), such sources are 

deficient in antioxidants and are vulnerable to oxidative 

rancidity, which results in the degradation of vitamins A 

and E and the taste of poultry meat being altered. 

Moreover, soybean oil has a high concentration of 

polyunsaturated fatty acids that frequently result in the 

creation of excess visceral and breast intramuscular fat, 

which lowers the quality of the carcass (Abdel-Moneim et 

al., 2021). However, if the energy density of the diet is to 

be increased, the levels of all nutrients must be adjusted to 

maintain optimal intake (Pawar et al., 2016). 

It was previously noted, poultry limit feed 

consumption in hot weather which results in nutrient 

deficiencies (Teyssier et al., 2022). Due to a reduction in 

consumption, there is a decrease in the intake of essential 

nutrients, such as protein, essential amino acids, minerals, 

and vitamins (Rath et al., 2015). In this case, it is 

preferable to improve and balance vital amino acids 

because increasing protein levels can increase heat 

production during protein metabolism (Teyssier et al., 

2022). Bird performance is unaffected even if the diet is 

lacking in protein but contains a balanced amino acid 

content (Kumar et al., 2016). If protein levels must be 

increased, vegetable-derived proteins such as soy, sesame, 

and sunflower are excellent choices since animal-source 

proteins will produce more heat during metabolism (Tari 

et al., 2020). Vegetable proteins are rich in arginine, an 

essential amino acid required during heat stress. Dao et al. 

(2021) reported that the role of arginine aids in protein 

synthesis and immunity. At the macrophage level, arginine 

is transformed into nitric oxide (Rath et al., 2014), a 

mediating component in vasodilation and increased 

peripheral blood flow which are significant 

thermoregulatory responses to heat stress (Liu et al., 

2019). 

When feed intake is lowered due to heat stress, it 

was normally advised that dietary protein levels be raised 

to maintain a steady protein intake (Liu et al., 2019). 

However, studies conducted over time suggest that birds 

under heat stress may not always require more protein 

(Suganya et al., 2015). A recent study reported that 

feeding broilers high-protein diets at high environmental 

temperatures result in their growth being inhibited (Qaid 

and AlGaradi, 2021). It was indicated that hens' growth 

performance at 3 to 6 weeks of age under hot temperatures 

of 32
o
C was not improved by raising protein content from 

17 to 23% (Awad et al., 2019). This was primarily caused 

by the increased nitrogen excretion and reduced efficacy 

of the high-protein diet compared to the low-protein diet 

(Kidd et al., 2021). Previous investigations demonstrated 

that higher body heat generation due to increased feed 

intake contributed to poor performance (Diarra et al., 

2014). The mentioned authors reported that birds on low-

protein diets consumed more protein, possibly due to a 

physiological shift that allows them to use the protein 

more efficiently when it is scarce. On the other hand, 

prolonged heat-stress exposure affects the reaction of 

poultry to dietary protein levels, therefore lowering crude 
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protein levels as a strategy for mitigating heat stress is not 

justified (Bohler et al., 2021). 

In a separate study, it was found that using protein 

sources that provide the appropriate amounts and 

proportions of methionine and lysine can lower 2-4% of 

dietary protein without compromising weight increase or 

feed conversion (Attia et al., 2020). It was reported that 

adding 0.05% methionine to water boosted feed efficiency 

considerably in heat-stressed chickens (Cadirci and 

Koncagul, 2014). Any loss in amino acids will result in 

their insufficiency, making protein non-ideal irrespective 

of the protein amount (Kumar et al., 2016). Therefore, 

supplementing low-protein meals with essential amino 

acids has been shown to help heat-stressed chickens 

perform better (Lemme et al., 2019). Heat intensity and 

duration, breed, age of birds, the quantity of amino acid 

supplementation, and diet composition could all influence 

how heat-stressed chicken responds to low-protein diets. 

Under hyper thermoneutral conditions compared to 

thermoneutral conditions, the total sulfur amino acids 

(TSAA) demand would be higher (Babazadeh and 

Ahmadi, 2022). In addition, it takes more TSAA to attain 

optimal growth performance when broiler chicks are 

raised at high temperatures (Del Vesco et al., 2013; Zarghi 

et al., 2020). When adding methionine supplements, 

factors such as age and production parameters must be 

considered to mitigate the harmful effects of heat stress 

(de Freitas Dionizio et al., 2021). Supplementing with 

methionine is also useful for lowering immunological 

stress and can change how the immune system responds 

(Pacheco et al., 2018). 

 

Feed as a source of calcium carbonate 

Calcium is supplied to commercial breeders in many 

ways which include using grower diets that contain 0.9 to 

1.0% calcium supplemented with up to 5% egg production 

or using classical pre-breeder diets that allow for the 

development of greater medullary bone reservoirs without 

using the diets that contain 2-2.5% calcium (Bryden et al., 

2021). Heat stress causes poultry to consume less than 3.5 

grams of calcium each day (Abbas et al., 2021). In 

addition, heat stress decreases the production of calbindin, 

a calcium-binding protein required for calcium absorption 

in the intestine (Ebeid et al., 2012). Ranjan et al., (2019) it 

is reported that feeding laying hens in the evening 

improves their laying rate and eggshell quality by 

increasing calcium intake. A decrease in egg production is 

directly linked to a reduction in calcium intake (Bryden et 

al., 2021). 

During heat stress, reduced calcium intake and poor 

absorption result in lower plasma calcium levels, leading 

to less calcium being available for eggshell formation in 

laying hens. This results in lower egg output, smaller eggs, 

or thin-shelled eggs, and poor skeletal development, 

causing economic losses to producers (Allahverdi et al., 

2013; Ventura and Matias da Silva, 2019). As poultry's 

DM intake is already low due to heat stress, adding large 

amounts of calcium supplements may not be viable. 

However, a larger particle-size calcium source including 

limestone or oyster shells is retained in the gizzard for a 

longer period and is released slowly into the duodenum for 

eventual absorption into circulation (Mir et al., 2018).  

 

Electrolytes and vitamins 

The main causes of poor performance in heat-

stressed chickens have been identified by the alteration of 

the acid-base balance and lowered feed intake (Sugiharto 

et al., 2017). The minerals potassium (K), sodium (Na), 

and chlorine (Cl) are essential for maintaining the acid-

base balance of bodily fluids (Popoola et al., 2019). As a 

result, adding minerals such as ammonium chloride 

(NH4Cl), sodium bicarbonate (NaHCO3), sodium chloride 

(NaCl), potassium chloride (KCl), and potassium sulfate 

(K2SO4) to the diet or drinking water of heat-stressed 

chickens will assist to mitigate the negative effects of heat 

stress (Diarra and Tabuaciri, 2014; Pawar et al., 2016). 

At high ambient temperatures water intake increases 

while feed intake decreases. Chickens drink four times 

more at 38°C compared to 21°C (Orakpoghenor et al., 

2020), indicating that water must be available all the time 

during this period. Increased water intake, which improves 

heat dissipation and cools down the body provides relief 

from the detrimental effects of heat exhaustion by 

supplementing the drinking water with Na+, K+, and Cl
-
 

salts (Gamba et al., 2015). Bryden et al. (2021) found that 

heat-stressed laying hens treated with 0.5% hydrochloric 

acid in drinking water had significant gains in egg 

production and egg quality. Gamba et al. (2015) observed 

that excreta and litter moisture rise due to increased water 

intake caused by elevated Na
+
 and K

+
 levels. 

In another study, Cherian (2015) found that 

supplementing drinking water with vitamins A, D, E, and 

B complex increased broiler performance and immune 

function. Additionally, supplementation of vitamin C 

(ascorbic acid) has been found to improve performance 

through improved feed consumption and nutritional intake 

in heat-stressed birds. Furthermore, Asensio et al. (2020) 

observed that supplementing broilers with ascorbic acid 

enhanced the weight and protein content of the carcass 
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while lowering carcass fat content. Daghir (2009) 

recommended 1 g of vitamin C per liter of drinking water 

and 20 mg per liter of water for broilers and laying hens, 

respectively. A study by Wang et al. (2011) in laying hens 

found that vitamin C does not affect egg weight or egg 

production. However, Skřivan et al. (2013) reported that 

50 and 100 mg/kg vitamin C supplementation significantly 

increased fertility and hen-day egg production of broiler 

breeders. 

Since poultry cannot synthesize vitamin E, they must 

be supplemented (Attia et al., 2016). The hormone levels 

of catecholamine and corticosterone rise in response to 

stress, particularly heat stress, and lipid peroxidation in 

cell membranes begins (Abd El-Hack et al., 2018). 

Vitamin E has also been proven to safeguard 

macrophages, lymphocytes, and plasma cells from 

oxidative stress while also enhancing their viability, 

propagation, and functionality (Shakeri et al., 2020). 

Therefore, supplementing with vitamin E in the diet during 

times of stress improves the immunological response of 

poultry. According to new research, adding vitamin E at a 

dosage of 250 mg/kg to broiler chickens is a viable 

protective approach for reducing the severity of heat stress 

and it may result in optimal performance and enhanced 

meat quality (Saeed et al., 2019). For layers, however, the 

dosage is 125-250 mg/kg has been found to result in an 

improved immunological response, egg production, and 

feed utilization (Shakeri et al., 2020). Heat stress raises the 

levels of malondialdehyde in the blood and liver, whereas 

vitamin E inhibits the formation of malondialdehyde in the 

liver by preventing lipid peroxidation and cell damage 

(McDowell, 2012), resulting in improved chicken 

performance. 

 

Supply of cool water 

Water consumption and balance are linked to 

evaporative heat dissipation and calories dissipated every 

breath (Chikumba and Chimonyo, 2013; Abdel-Moneim et 

al., 2021). Reduced water temperature encourages water 

consumption, which increases evaporative cooling and 

heat dissipation for each breath (McCreery, 2015). 

Furthermore, a 20% water consumption increase can result 

in a 30% increase in heat loss in each breath, with a 

corresponding performance improvement (Abdel-Moneim 

et al., 2021). 

Water temperature, height, and the shape of drinkers 

affect poultry performance during heat stress 

(Orakpoghenor et al., 2020). Water consumption is high in 

nipple drinkers that are slightly above chick eye than in 

lower nipple drinkers as chickens find it difficult to bend 

down and drink from lower nipples (Quilumba et al., 

2015; Ranjan et al., 2019). Daghir (2009) recommended 

the use of wider and deeper drinkers during heat stress as 

they will permit immersion of not only the beak but the 

whole face and help dissipate more heat. Cool water at 10-

12
o
C is helpful to poultry, therefore, there is a need to 

protect water tanks and pipes from the direct sun because 

birds will not drink warm water (Park et al., 2015). Poultry 

should always have access to cool, clean water that is 

below 25
o
C and has ice in it so that their body 

temperatures can remain steady during times of heat stress 

(Park et al., 2015). 

 

Use of phytochemicals in mitigating heat stress 

To reduce heat stress in poultry, various 

phytochemical supplements have been added to the diet. 

 

Resveratrol 

Natural bioactive polyphenols called resveratrol are 

mostly found in peanuts, grapes, turmeric, and berries 

(Saeed et al., 2017). Resveratrol supplementation (400 

mg/kg of feed) has been found in previous studies to boost 

the antioxidant capacity in broilers under heat stress (Hu et 

al., 2019). In yellow-feather broilers under heat stress, 

resveratrol supplementation at 300 or 500 mg/kg of feed 

increased average daily growth, decreased rectal 

temperature, and decreased the levels of 

adrenocorticotropin hormone, malondialdehyde (MDA), 

corticosterone, and cholesterol (He et al., 2019). 

Resveratrol supplementation of 200 mg/kg of feed 

increased egg production in laying hens, whereas 

resveratrol supplementation of 400 mg/kg of feed 

decreased total blood cholesterol and triglycerides, 

decreased egg cholesterol content, increased antioxidant 

activity, and increased egg sensory scores (Zhang et al., 

2017). 

 

Lycopene 

The carotenoid lycopene, which is mostly present in 

tomatoes and tomato-based products, is known to increase 

the synthesis of antioxidant enzymes by activating the 

DNA's antioxidant response element (Wasti et al., 2020). 

Heat-stressed broilers' total feed intake, weight gain, and 

FCR were all improved when lycopene (200 or 400 mg/kg 

of feed) was added (Sahin et al., 2016). Lycopene has been 

reported to increase the levels of antioxidant enzymes, 

such as superoxide dismutase (SOD) and glutathione 

peroxidase (GSH-Px) in broilers (Arain et al., 2018). 

Lycopene administration increased vitamin levels, 
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improved oxidative stability, and the yolk color of eggs in 

laying hens (Sahin et al., 2016; Arain et al., 2018). 

 

Epigallocatechin gallate 

Green tea extract contains the polyphenol 

epigallocatechin gallate (EGCG), which has strong anti-

inflammatory and antioxidant effects (Hu et al., 2019). 

When Luo et al. (2018) fed heat-stressed broiler birds at 

three EGCG dosages (0, 300, and 600 mg/kg), they 

observed a linear increase in feed intake, body weight, and 

levels of blood total protein, glucose, and alkaline 

phosphatase activity. In a related study, Xue et al. (2017) 

found that feeding EGCG improved body weight and 

antioxidant enzyme levels (catalase, GSH-Px, and SOD) in 

heat-stressed broiler chicks' liver and serum. 

 

Curcumin 

The main polyphenols extracted from turmeric are 

called curcumin, which has anti-inflammatory and 

antioxidant properties (Attia et al., 2017; Wasti et al., 

2020). Even though curcumin is easily absorbed by 

animals, more recent studies have concentrated on its 

potential application as a compound to reduce heat stress 

in chickens (Wasti et al., 2020). It was reported that 

adding curcumin to feed at a rate of 100 mg/kg 

significantly increased broiler body weight during heat 

stress (Zhang et al., 2017). Furthermore, the inclusion of 

150 mg/kg of curcumin in the diet of laying hens enhanced 

egg quality, laying efficiency, antioxidant enzyme activity, 

and immunological response to heat stress (Liu et al., 

2020). 

 

Mitigation of heat stress by use of probiotics and 

betaine 

Betaine is widely distributed in plants, animals, 

microbes, and its rich food sources include fish, spinach, 

and wheat bran (Saeed et al., 2017). Betaine plays an 

essential role in sustaining the basic functions of poultry, 

including osmoregulation, fat distribution, methionine 

sparing, immunity, and the bird's ability to withstand heat 

stress (Attia et al., 2016; Saeed et al., 2019). The 

performance of chickens kept under heat stress can be 

greatly improved by including betaine in their diets (Hao 

et al., 2017; Saeed et al., 2017). In addition, betaine also 

functions as a methyl donor, which enables feed cost 

reductions by substituting methionine and choline 

supplements (Gholami et al., 2015). Betaine supports a 

variety of intestinal bacteria in their defense against 

osmotic changes, improving microbial fermentation 

activity (Abd El-Ghany and Babazadeh, 2022). 

The term "probiotics" refers to feed additives that 

contain live beneficial microorganisms such as 

Bifidobacterium, Streptococci, and Lactobacillus, yeast 

cultures with Saccharomyces and candida strains, and 

fungi (Aspergillus awamori, A. niger, and A. oryza), which 

may improve poultry performance, intestinal microbiota, 

and immune system (Abd El-Hack, et al., 2018;  El-

Moneim et al., 2020). Probiotics have received a lot of 

attention lately for reducing the oxidative damage brought 

about by heat stress in chickens (Ahmad et al., 2022). It 

has been shown that the addition of probiotics to the diet 

of broilers increased their growth performance, FCR, and 

immunological response (Wang et al., 2018). 

A symbiotic relationship occurs when prebiotics and 

probiotics are combined to have a positive effect on poultry 

raised in hot environments (Lara and Rostagno, 2013). It 

has been suggested that incorporating synbiotics in the diet 

may benefit chickens kept in areas that experience high 

levels of heat stress by minimizing the negative effects of 

heat and possibly improving their welfare and performance 

(Mohammed et al., 2018). Probiotic supplements have been 

shown to have favorable benefits on the health and 

productivity of chickens in tropical climates (Ahossi et al., 

2016; Deraz, 2018). It was reported that the performance, 

intestinal morphology, and immunological response of heat-

stressed chickens were all improved by consuming mannan-

oligosaccharides, prebiotics, and a probiotic combination 

(Jahromi et al., 2015). 

 

CONCLUSION 

 

Heat stress has a negative impact on the health and 

productivity of poultry and is a significant challenge in 

poultry production in the tropics. Heat stress results from a 

combination of many factors including high ambient 

temperature, radiant heat, humidity, and airspeed. Due to 

heat stress many behavioral, neuroendocrinal, and 

physiological changes occur. Gene screening for higher 

growth rates to meet the ever-increasing food requirement 

has made poultry susceptible to heat stress. In birds raised 

for egg and meat production, an increase in the ambient 

temperature induces decreases in body weight gain, feed 

intake, eggshell weight, higher FCR, and increases in body 

temperature. These negative effects can be addressed by 

strategic managerial enhancements. Several approaches 

are used worldwide to combat the severe impacts of heat 

stress, including the selection of rearing systems with 

better ventilation, suitable housing conditions, and 

recommended correct stocking densities, all of which are 

crucial for enhancing performance at high temperatures. 
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Given that there is no single strategy for heat stress, a 

variety of strategies will help to reduce it. Further research 

on new innovative strategies which include utilizing heat 

tolerance genes and selecting genotypes with higher heat 

tolerance using genetic markers should be carried out. 
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ABSTRACT 
The adrenal gland plays a crucial role in poultry’s body. Its hormones affect growth, tissue differentiation, and 

metabolism regulation, as well as the bird body’s resistance to infections, intoxication, stress, and low 

temperature. For poultry farming, veterinary medicine, and ornithology, it is of scientific interest to study the 

morphological features of the adrenal gland of birds. This review aimed to assess poultry adrenal anatomy, 

microscopy, morphometry, and histochemistry by summarizing research data from various published articles. 

The structure of the adrenal gland has been morphologically investigated in clinically healthy chickens, ducks, 

geese, and quails. Data from the anatomical level of the adrenal gland have indicated that the shape of this 

organ in poultry of different species is not the same. In most cases, the shape of the adrenal gland of poultry is 

close to an oval, triangle, or pyramid. The color of the adrenal gland of poultry varies from gray to brown, 

which depends on the tissue saturation of this organ with carotenoids. The mass of the adrenal glands of 

poultry correlates with their age. The left adrenal gland has higher mass, volume, and length indicators than 

the right gland. The microscopic structure of the adrenal gland corresponds to the general laws of the structure 

and function of endocrine organs. However, the adrenal glands of poultry are characterized by class features of 

its histoarchitectonics. The adrenal capsule contains ganglia of the autonomic nervous system, the cell strands 

of cortical and medullary tissues are intertwined, and the configuration of these cell strands determines the 

formation of two or three zones of the adrenal gland. Studies of the adrenal glands of poultry at the cellular 

level have indicated that cortical tissue is represented by acidophilic cells and medullary tissue by basophilic 

cells. Depending on the shape and electron density of secretory granules, medullary tissue cells are divided 

into epinephrine and norepinephrine. Data on morphometric parameters (capsule thickness, area of cortical and 

medullary tissues, cortical-medullary ratio) of the adrenal gland are not the same and depend on the type, age, 

gender, and sexual activity of poultry. In conclusion, morphologists have paid great attention to studying the 

features of the anatomy, microscopy, morphometry, and histochemistry of the adrenal gland in clinically 

healthy poultry. Therefore, the presented data can be used to assess deviations in the morphofunctional state of 

the adrenal gland in poultry under the influence of various factors and pathology.  
 

Keywords: Adrenal gland, Anatomy, Morphological features, Histological and cellular levels, Poultry  
 

 

INTRODUCTION 
 

Birds are a large class of vertebrates. There are about 

10000 bird species from 27 genera and 170 families in the 

wildlife. A large number of bird species have been 

recorded in Colombia (1700), Ecuador (1357), and Brazil 

(1440). Other countries, such as Cameroon (670), the 

United States of America, and Canada (775), as well as 

Portugal (315) and Greece (339), are in the second and 

third places, respectively (Tobias et al., 2022). For many 

centuries, man has domesticated chicken, turkey, guinea 

fowl, quail, duck, goose, and pigeon. Canaries, 

cormorants, and parrots are bred in captivity (Domyan and 

Shapiro, 2017; Batool et al., 2020; Peng and Broom, 

2021). Poultry farming occupies a leading position among 

the livestock industries (Hafez and Attia, 2020). Over the 

past half-century, poultry production has increased 

fivefold and continues to grow (OECD-FAO, 2016). 

According to the Organization for Economic Cooperation 

and Development/Food and Agriculture Organization 

agricultural forecast for 2019-2028, poultry is the most 

consumed animal protein in the world (OECD-FAO, 

2019). When raising poultry, diseases that damage the 

endocrine system can cause many problems (Rudik et al., 
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2021). Organs of the endocrine system are divided into 

central, peripheral, and mixed, including single 

endocrinocytes and endocrine organs, forming a 

dissociated endocrine system (Ritchie and Pilny, 2008; 

Scanes, 2015). 

The adrenal gland is a peripheral organ of the 

endocrine system. The microscopic structure of the 

adrenal gland corresponds to the general laws of the 

structure and function of endocrine organs. It is known 

that there are no excretory ducts in the endocrine organs. 

The products of their activity (hormones) are released 

directly into the lymph and blood. Endocrine organs 

consist of the connective tissue stroma and parenchyma. 

The parenchyma forms follicles, strands, and islets, the 

cells of which are in close contact with the vessels of the 

microcirculatory bed. There are many blood capillaries 

between the structural components of the parenchymal 

adrenal gland, mainly of the sinusoid type (Scanes, 2015; 

Zakrevska and Tybinka, 2019; Scanes, 2020).  

Adrenal hormones play a crucial role in the vital 

activity of the body by affecting the growth and 

differentiation of tissues, the development of reproductive 

organs, and the course of the sexual cycle (Kot et al., 

2021; Gjuen and Jensen, 2022). Adrenal hormones 

regulate water, protein, carbohydrate, fat, and mineral 

metabolism (Manju Madhavan and Varghese, 2016; Lotfi 

et al., 2018; Di Lorenzo et al., 2020). The adrenal gland is 

sensitive to changes in the external and internal 

environment (Muller et al., 2015; Rudik et al., 2021). 

Morphological studies have indicated that the mass, size, 

vascularization of the adrenal gland, the ratio of cortical 

and cerebral zones, and their cytophysiological 

characteristics change in poultry affected by stress, 

hypothermia, and diseases (Scanes, 2016; Lotveld et al., 

2017; Qureshi et al., 2020). Adrenal morphology in 

clinically healthy poultry is closely related to the 

anatomical, histological and cellular levels. The obtained 

data can be used to form a basis for the normal 

morphological characteristics of the adrenal gland in 

poultry. This makes it possible to assess the 

morphofunctional state of the adrenal glands of poultry in 

specific periods of their life, which is necessary for the 

scientific justification of technologies used in raising 

poultry, as well as for mastering the mechanisms of the 

development of adrenal diseases. This review aimed to 

assess features of the anatomy, microscopy, morphometry, 

and histochemistry of the adrenal glands of poultry by 

summarizing research data from various published articles.  

 

ANATOMY 

 

Topography, shape, and color 

The adrenal gland of poultry is a paired organ. The 

left and right glands are situated cranio-medially to the 

kidneys on each side of the dorsal aorta and inferior vena 

cava (Figure 1A, B, C; Kober et al., 2012; Moawad and 

Randa, 2017; Prokopenko, 2022). Accessory adrenal 

glands in the chicken are near the main adrenal gland or in 

its capsule (Kot and Prokopenko, 2020). Accessory 

adrenal glands often develop in fish (Gaber and Abdel-

maksoud, 2019) and mammals (Zakrevska and Tybinka, 

2019). It has been claimed that accessory adrenal glands 

are the epicenter of neoplasms development (Afuwape et 

al., 2009). Kassaby et al. (2017) found adrenal tissue in a 

hernia sac of a human. 

 

 
Figure 1. Anatomical position of the adrenal gland in chickens. (A): White arrowheads: Right and left adrenal gland, Black-and-

white star: Right and left testis, Black arrow: Vena cava (Kober et al., 2012); in chicken (B): White arrows: Right and left adrenal gland, K:  

Kidneys (Moawad and Randa, 2017); in blue rock pigeon (C): 1: Right adrenal gland, 2: Left adrenal gland, 3: Left lung, 4: Superior kidney 

lobe (Prokopenko, 2022). 
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The shape of the adrenal gland in poultry is different 

(Figure 2A, B, C; Fathima and Lucy, 2014; Kober et al., 

2012; Kot and Prokopenko, 2020). In a one-day-old duck, 

the adrenal gland has a spherical shape. By the age of 24 

weeks, the right adrenal gland becomes pyramidal, and the 

left adrenal gland becomes oval in shape (Fathima and 

Lucy, 2014). The right adrenal gland of the chicken has an 

oval or triangular shape, and the left adrenal gland is 

elongated-oval in shape (Kober et al., 2012; Sarkar et al., 

2014; Kot and Prokopenko, 2020), while in the ostrich 

they are ellipsoid and oblong in shape, respectively (Tang 

et al., 2009). The shape of the right gland of Japanese 

quails is triangular, while the left is elongated in shape 

(Rudik et al., 2021). 

The color of the adrenal glands of poultry varies from 

gray, cream in pigeons, cream-yellow in quails (El-Desoky 

and El-Zahraa, 2021; Erdem et al., 2021) to yellow or 

yellow-red in guinea fowl (Prokopenko and Kot, 2021a). 

The duck is characterized by a change in the cream or 

yellow color of the adrenal gland in young animals to 

brown in adult birds (Fathima and Lucy, 2014). As 

reported by Scanes (2015), the intensity of the yellow 

color of the adrenal gland depends on the saturation of its 

tissues with carotenoids. 

 

Figure 2. Shape of the adrenal gland in ducks. (A): 1: Left adrenal gland, 2: Right adrenal gland (Fathima and Lucy, 2014); in chicken, 

(B): L: Left adrenal gland, R: Right adrenal gland (Kober et al., 2012); in chicken (C): 1: Right adrenal gland, 2: Left adrenal gland (Kot and 

Prokopenko, 2020). 

 

Organometry 

The mass of the adrenal glands of poultry correlates 

with their age. In ducks, the adrenal mass increased from 

day-old (0.011 ± 0.001 g) to 12 weeks of age (0.093 ± 

0.002 g), then decreased to 0.088 ± 0.003 g at week 16 (at 

the beginning of egg laying) and increased again to 0.137 

± 0.006 g at the age of 24 weeks (Fathima and Lucy, 

2014). The relative mass of the duck’s adrenal gland 

decreases intensively after hatching (Fathima and Lucy, 

2014). Compared to the right adrenal gland, the left one 

has higher indicators of mass, volume, and length 

(Colcimen and Cakmak, 2021; Prokopenko and Kot, 

2021a). In chickens, the masses of the left and right 

adrenal glands are 104.1 mg and 97.2 mg, with a length of 

0.9 cm and 0.8 cm, respectively. The width and thickness 

of the left adrenal gland (0.5 and 0.4 cm) are less than 

those of the right in chickens (0.6 and 0.5 cm, Kober A et 

al., 2012). The weight and size of the adrenal gland of 

poultry change during their sexual activity, violation of the 

detention conditions, stress, and the use of 

pharmacological drugs (Vyas and Jacob, 1976; Muller et 

al., 2015).  

 

MICROSCOPY 

 

Capsule and trabeculae 

The adrenal gland of poultry is covered on the outside 

by a capsule consisting of dense fibrous connective tissue, 

rich in collagen, reticular fibers, and blood vessels with 

few elastic elements (Figure 3A, B; Moawad and Randa, 

2017; Kot and Prokopenko, 2020). In chickens, the 

thickness of the adrenal capsule of females (22.09 ± 2.17 

µm) is greater than in males (18.14 ± 1.82 µm, Kot and 

Prokopenko, 2020). The thickness of the pigeon adrenal 

capsule does not exceed 13.46 ± 0.67 µm (Prokopenko, 

2022). Ganglia of the autonomic nervous system and 

chromaffin cells are recorded in the adrenal capsule of 

quails (El-Desoky and El-Zahraa, 2021), geese 

(Prokopenko and Kot, 2021b), chickens (Figure 3B, C; 

Moawad and Randa, 2017; Kot and Prokopenko, 2020), 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Vyas%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=135472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacob%20D%5BAuthor%5D&cauthor=true&cauthor_uid=135472
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and guinea fowls (Moghada and Mohammadpour, 2017). 

Vascularization and encapsulation of the quail’s adrenal 

glands are completed on day 10 of incubation (Basha et 

al., 2009). In the adrenal gland of chicken, guinea fowl, 

and geese, trabeculae are directed from the capsule to enter 

the parenchymal glandular tissues (Moawad and Randa, 

2017; Moghadam and Mohammadpour, 2017; Prokopenko 

and Kot, 2021b). Capsule duck’s adrenal glands consist of 

connective tissue fibers and flattened cells arranged in 2-3 

rows with elongated nuclei. According to morphological 

features, these structures correspond to different 

fibroblastic cells (Plakhotniuk et al., 2021).  

 

 
Figure 3. Photomicrographs of the adrenal gland of chickens. (A): Black arrows: Collagen fibers in capsule, V: Blood vessels, P: 

Parenchyma, Arrow head: Septum (Crossmon’s trichrome stain,  100, Moawad and Randa, 2017); (B): 1: Capsule, 2: Blood vessels, 3: 

Parenchyma (H&E,  400, Kot and Prokopenko, 2020); (C): Black arrow: Autonomic ganglia, C: Capsule, Arrow heads: Nerve cells, Cc: 

Clusters of subcapsular chromaffin cells (H&E,  200, Moawad and Randa, 2017). 
 

Figure 4. Photomicrographs of adrenal gland in ducks. (A): 1: Capsule, 2: Cortical tissues, 3: Medullary tissues (H&E,  150, 

Plakhotniuk et al., 2021); in geese (B): 1: Cortical tissues, 2: Medullary tissues, 3: Hemocapillary (H&E,  400, Prokopenko and Kot, 

2021b); in chicken (C): 1: Lumen of the venous sinus, 2: Cortical tissues, 3: Medullary tissues, 4: Hemocapillary (H&E,  100, Kot and 

Prokopenko, 2020). 

 

Parenchima, cortical (interrenal), and medullary 

(chromaffin) tissue zones  

The adrenal parenchyma of poultry consists of cortical 

and medullary tissues, the cellular strands of which are 

intertwined throughout the organ (Figures 4A, B; 

Plakhotniuk et al., 2021; Prokopenko and Kot, 2021b). 

Narrow gaps between them are filled with layers of loose 

fibrous connective tissue, in which venous sinuses and 

hemocapillarie are registered. The wall of the venous 

sinuses is formed by flat endotheliocytes. In some places, 

it is intermittent due to sinusoidal hemocapillaries that 

open into the lumen of the venous sinuses (Figure 4C; 

Fathima and Lucy, 2014; Moghadam and 

Mohammadpour, 2017; Kot and Prokopenko, 2020).  

According to Basha et al. (2009), adrenal cortical 

tissue in quails is formed from the peritoneal epithelium 

and interrenal mesonephros blastema on the third and 

fourth days of incubation. On the fourth day, cells of the 

medullary tissue of the adrenal gland migrate from the 

prevertebral nerve plexus of the ectoderm of the nerve 

crest to the cortical tissue. The location of cortical cell 

strands between sinusoids and cell differentiation begins 
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from the seventh to the tenth day of incubation. Invasion 

of medullary tissue cells into the cortical tissue is noted on 

day 18 of incubation.  

In some studies, Columba livia, Passer domesticus, 

Corvus splendens, Acridotheres tristis, Acridotheres 

ginginianus, Milvus migrans, Francolinus pondicerianus, 

and Bubulcus ibis (Vyas, 1976) are used for cortical 

tissueand medullary tissue, interrenal tissue, and 

chromaffin tissue to describe the structure of the adrenal 

parenchyma in quails (El-Desoky and El-Zahraa, 2021), 

ducks (Fathima and Lucy, 2014), ostrich (Tang et al., 

2009; Ye et al., 2017). The name of the first tissue 

corresponds to its origin, and the name of the second tissue 

is based on the ability of its cells to restore chromium, 

silver, and osmium oxi. The adrenal cortex of quail is 

represented by acidophilic cells. They are large, 

polyhedral, or columnar in shape, have acidophilic and 

vacuolated cytoplasm, and have a rounded or oval nucleus 

located eccentrically (El-Desoky and El-Zahraa, 2021). 

Regarding the adrenal gland of quails, the nuclei of 

acidophilic cells are large with nucleoli and coarse 

chromatin; the cytoplasm contains many mitochondria, 

ribosomes, lipid droplets, and endoplasmic reticulum 

(Basha et al., 2009). Depending on the number of lipid 

droplets and mitochondria, acidophilic cells are divided 

into two types. Cells of the first type contain numerous 

lipid droplets with several slightly larger globular 

mitochondria (Figure 5A, B; Moawad and Randa, 2017), 

while cells of the second type entail few lipid droplets 

(Figure 5C; Moawad and Randa, 2017).  

 

 
Figure 5. Electron micrographs of the adrenal cortex cells in a chicken. (A): N: Spherical basal nucleus, L: Numerous electron dense 

lipid droplets, M: Few mitochondria (Uranyle acetate and lead citrate stain,  8000); (B): N: Irregular nucleus, L: Many electron dense lipid 

droplets, Black arrow heads: Few mitochondria (Uranyle acetate and lead citrate stain,  8000); (C): N: Oval basally situated nuclei, L: Few 

lipid droplets, Black arrow heads: Numerous mitochondria (Uranyle acetate and lead citrate stain,  8000, Moawad and Randa, 2017). 

 

Basophilic cells are part of the chromaffin tissue of 

the adrenal glands of poultry. They have a polygonal or 

rounded shape, basophilic cytoplasm, and a large spherical 

nucleus located in the center and contains two or three 

nucleoli. In chickens, the cell height and diameter of their 

adrenal nuclei in males (8.72 ± 0.231 µm and 4.39 ± 0.359 

µm, respectively) are higher than in females (8.67 ± 0.218 

µm and 3.84 ± 0.326 µm, respectively, Sarkar et al., 

2014). The cytoplasm of basophilic cells contains 

mitochondria with tubular crosses, ribosomes, 

endoplasmic reticulum, lipid droplets, and secretory 

granules (Figures 6A, B; El-Zoghby, 2010; Moawad and 

Randa, 2017). Depending on the shape of the secretory 

granules, basophilic cells are divided into two types. 

Epinephrine cells are composed of homogeneous 

polymorphic electron-dense secretory granules, and 

norepinephrine cells contain secretory granules with an 

electron-dense nucleus bounded by a light border (Figure 

6C; Tang et al., 2009; El-Zoghby, 2010; Moawad and 

Randa, 2017). Prabhavathi et al. (2011) identified 

epinephrine, norepinephrine, and stellate-shaped satellite 

cells in the chromaffin tissue of the guinea fowl’s adrenal 

glands. Differentiation of quail adrenal chromaffin cells 

into epinephrine and norepinephrine cells is completed by 

day 15 of incubation (Basha et al., 2009). In chickens, 

ganglion cells are registered among the cells of the 

medullary tissue of the adrenal glands (Moawad and 

Randa, 2017). 

The placement and configuration of cell strands of 

cortical (interrenal) and medullary (chromaffin) tissues 

determine the formation of adrenal parenchyma zones in 

poultry (Ritchie and Pilny, 2008). Peripheral (subcapsular) 

and internal (central) zones are distinguished on the 

incision of the adrenal gland in a chicken (Moawad and 

Randa, 2017).  
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Figure 6. Electron micrographs of chromaffin cells of the adrenal gland in a goose. (A): n: nucleus, cm: Cell membrane, Arrows: 

Mitochondria, sg: Secretory granules (Uranyle acetate and lead citrate stain,  1000, El-Zoghby, 2010), in chicken (B): n: Nucleus, Arrows: 

Strands of rough endoplasmic reticulum (Uranyle acetate and lead citrate stain,  8000, Moawad and Randa, 2017), in geese (C): 1: 

Secretory granules of electron dense core surrounded by hollow electron lucent coat of chromaffin cells showing: norepinephrine, 2: 

Homogenous, polymorphic electron dense secretory granules of chromaffin cells showing: epinephrine (Uranyle acetate and lead citrate 

stain,  1200, El-Zoghby, 2010). 

 

 
Figure 7. Photomicrographs of adrenal gland in chickens. (A): SZ: Subcapsular zone, PZ: Peripheral zone, CZ: Central zone, VS: 

Venous sinus, C: Capsule, Arrow: Cortical tissue, arrowhead: Medullare tissue (Azan,  100, Humayun et al., 2012); in chicken (B): 1: 

Capsule, 2: Cortical tissue, 3: Medullare tissue (H&E,  400, Kot and Prokopenko, 2020); in ostrich (C): 1: Capsule, 2: Subcapsular zone, 

Cr: Chromaffin tissue (H&E,  400, Tang et al., 2009); in chicken (D): IC: Inner cortical cords, IM: Inner medullare cords (H&E,  400, 

Moawad and Randa, 2017); in ostrich (E): IR: Interrenal tissue, Cr: Chromaffin tissue, S: Venous sinus (H&E,  400, Tang et al., 2009). 

 

Humayun et al. (2012) recorded a subcapsular layer, 

peripheral and central zones in the chicken adrenal gland 

(Figure 7A), which is consistent with the results of studies 

on guinea fowls (Moghadam and Mohammadpour, 2017) 

and quails (El-Desoky and El-Zahraa, 2021). The central 

and peripheral zones are distinguished for the adrenal 

gland of the ostrich. The latter zone consists of an external 

part (subcapsular zone) and an internal part (Tang et al., 
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2009; Ye et al., 2017). In the subcapsular zone of the 

adrenal gland, cellular strands of cortical tissue have the 

appearance of loops in chickens (Figure 7B; Kot and 

Prokopenko, 2020) and quails (El-Desoky and El-Zahraa, 

2021), and a type of bow in an ostrich (Figure 7C; Tang et 

al., 2009). Islands of medullary tissue are registered 

between them. In the guinea fowl adrenal gland, the 

subcapsular zone is represented only by medullary tissue 

(Moghadam and Mohammadpour, 2017). Cortical tissue 

cells form straight or arched cords in the central zone of 

the adrenal gland of chickens (Figure 7D; Moawad and 

Randa, 2017) and quails (El-Desoky and El-Zahraa, 2021). 

In the ostrich, the cords of the cortical tissue of the central 

zone are smooth and located on the right side of the 

periphery of the adrenal gland (Ye et al., 2017). 
 

Micrometry 

In the chicken adrenal gland, the proportion of 

medullary tissue in the central zone (49.7%) is twice as high 

as in the peripheral zone (24.8%), and the adrenal cortical-

medullary ratio is 1.6:1 (Humayun et al., 2012). According 

to Sarkar et al. (2014), the adrenal cortical-medullary ratio 

of chicken in females (1.9:1) and males (1.43:1) is not the 

same. In duck ontogenesis, the adrenal cortical-medullary 

ratio changes from 1.15:1 (6 weeks of age) to 2:1 (18 weeks 

of age) due to an increase in the proportion of cortical 

tissue. At the beginning of egg laying, the layer hens 

experience stress, and the adrenal gland releases 

corticosterone and catecholamines into the blood, which 

help the adaptation to new conditions (Fathima and Lucy, 

2014). Basha et al. (2009) recorded a decrease in the 

proportion of interrenal tissue and ganglion transformation 

of adrenal chromaffin tissue during molting in quails. 

 

HISTOCHEMISTRY  

 

Most histochemical reactions by which adrenal 

medulla hormones are released and detected are based on 

the property of these hormones to vigorously reduce 

chromium oxide and osmium silver (Moawad and Randa, 

2017). Сhromaffin granules of medullary cells of the 

chicken’s adrenal gland acquire a greenish-yellow color in 

sections prefixed in Ortha’s fluid and stained by Giemsa 

(Figure 8A; Moawad and Randa, 2017). 

The adrenal histochemistry of the wild birds 

(Columba livia, Passer domesticus, Corvus splendens, 

Acridotheres tristis, Acridotheres ginginianus, Milvus 

migrans, Francolinus pondicerianus, and Bubulcus ibis) 

determined by their sexual activity. During the mating 

season of wild birds, the interrenal tissue of the central 

adrenal gland is characterized by the highest content of 

alkaline phosphatase, glycogen, acidic mucopoly-

saccharides, and gross lipids. In the interrenal tissue of the 

subcapsular layer, moderate content of ascorbic acid is 

observed. The histochemical characteristics of chromaffin 

tissue remain unchanged throughout the year, except for 

acid phosphatase, the amount of which increases with the 

sexual activity of birds (Vyas., 1976).  

In quails, the interrenal tissue is rich in glycogen, 

lipids, and cholesterol, and the chromaffin adrenal tissue is 

loaded with acidic mucopolysaccharides and ascorbic acid 

(Basha et al., 2009). Regarding the staining of histological 

sections of chicken adrenal glands with Sudan black B and 

Sudan III, the maximum amount of general and neutral 

lipids is recorded in cells of the interrenal tissue of the 

subcapsular zone, slightly less in such cells of the central 

zone (Figure 8B, C; Moawad and Randa, 2017).  

 
Figure 8. Photomicrographs of the adrenal gland of chickens. (A): Black arrow heads: Strong and moderate chromaffin reaction of 

greenish yellow color in medullary (Giemsa,  1000), (B): SC: Intensive sudanophilic substances fill the subcapsular cortical cells, IC: Less 

intensive sudanophilic substances fill the inner cortical cells (Sudan black B,  100), (C): SC: Strong positive reactions in subcapsular 

cortical cords, IC: Moderate reactions in inner cortical cords (Sudan III,  200, Moawad and Randa, 2017). 
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CONCLUSION 

 

This review indicated anatomical, histological, 

ultramicroscopic, histochemical, and morphometric 

methods of studying the adrenal gland of poultry are a 

matter of concern. The morphology of the adrenal gland in 

clinically healthy chickens, ducks, geese, and quails 

should be studied in depth. The obtained data can be used 

to assess differences in the morphofunctional state of the 

adrenal gland in poultry under the effect of various factors 

and pathological aspects. 
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ABSTRACT 
Thermal manipulations during the embryonic period have positive effects on thermotolerance and the 

productive performance of broilers subjected to acute heat stress. This study aimed to investigate the potential 

effects of Thermal manipulation during incubation (TMI) on productive performances and thermotolerance of 

broiler chickens growing in tropical climates. A total of 900 Cobb 500 broiler chicken eggs from a 35-week-

old breeder flock were incubated in standard incubation conditions (37.8°C, 60% relative humidity) until day 

7, when they were divided into 3 groups (300 eggs per group). The control group (C) was incubated at 

standard incubation conditions while T6 and T12 groups were subjected to, respectively, 6 hours/day and 12 

hours/day of TMI (T° = 39.5°C, relative humidity = 65%, Embryonic day = 7-16). The relative embryo and 

albumen weight were determined from 10 to 18 days of incubation. The hatching event was checked between 

450 and 504 hours of incubation, and egg hatchability, chick quality, and cloacal temperature were also 

determined. One hundred and twenty-five chicks from each incubation group were transferred to the farm and 

raised for 6 weeks. During this period, their post-hatch performances were determined. At week 6, blood 

samples were collected to measure T3, T4, and corticosterone hormone levels. Then, the 6-week-old broilers 

were slaughtered to determine meat yield and quality. Results showed that the chick’s rectal temperature was 

significantly reduced in T6 and T12 groups compared to the C group, while hatchability and one-day-old chick 

weight were not affected. Final body weight and feed conversion ratio were significantly improved in the T12 

group, compared to other groups. Thermal manipulation during incubation for 6 and 12 hours significantly 

reduced mortality rate and pectoralis major muscle drip loss while it increased muscle pH at 24 hours post-

mortem (pH24). Corticosterone, T3, and T4 plasma hormone levels at week 6 were also significantly reduced 

by TMI. Therefore, exposing hatching eggs to 39.5°C and 65% of relative humidity from days 7 to 16 of 

incubation for 12 hours/day is recommended for the poultry industry in tropical climates. 
 

Keywords: Chronic heat stress, Fast-growing broilers, Hatching and post-hatch performances, Thermal 

manipulation,  Thermotolerance, Meat quality 
 

 

INTRODUCTION 
 

The poultry industry has been considered in recent years 

as a promising and emerging sector to satisfy the growing 

demand for animal protein in developing countries 

(Ayssiwede et al., 2009). However, this sector is 

confronted by many constraints, including heat stress. 

According to Lin et al. (2006), heat stress is the main 

limiting factor for the poultry industry in tropical and 

subtropical regions. Temperatures ranging from 35 to 

45°C in some parts of the year are common in some 

tropical areas, causing morbidity and mortality in poultry 

(Akbarian et al., 2013). The situation is exacerbated by the 

globally averaged surface temperature projected to 

increase by 1.4 to 5.8°C over the period 1990 to 2100 

(IPCC, 2001). It is known that the optimal temperature 
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range for broiler and layer production is 18-22°C (Charles, 

2002; Aengwanich and Simaraks, 2004), with slight 

variations on both sides due to differences in age, sex, and 

line/strain. However, in the tropics and subtropics, 

chickens are generally kept in open houses and are 

therefore exposed daily to high environmental 

temperatures. Therefore they are susceptible to heat stress. 

The ambient heat is one of the major constraints in 

poultry farming because of the enormous economic losses 

it causes in terms of mortality and reduction of 

productivity (Tesseraud and Temim, 1999). Heat stress 

causes a disturbance in the physiological status of 

chickens, including a reduction in certain hormones 

(Mujahid et al., 2007). Low T3 and high T4 hormone 

levels were observed in 42-day-old broilers under cyclic 

heat stress (Bueno et al. 2017). Sohail et al. (2010) also 

found an increase in plasma corticosterone levels in 

broilers reared under heat stress for 8 hours per day from 

22 to 42 days. 

The efficiency of certain vital functions, such as 

thermoregulation, is often impaired in broilers because the 

genetic selection of broiler strains is mainly aimed at 

increasing the growth rate of the animals (Havenstein et 

al., 2003). The cardiovascular and pulmonary systems, 

which play an important role in poultry thermoregulation, 

are less developed, therefore, cannot cope with the broiler 

chickens’ growth rate (Havenstein et al., 2003). This 

makes them more sensitive to ambient heat and vulnerable 

to metabolic problems such as ascites, sudden death 

syndrome, and leg problems (De Smit et al., 2005). This is 

compounded by the fact that these commercial broilers 

(Cobb and Ross), usually raised in tropical and subtropical 

climates, are not mainly selected for these climates. 

Various approaches, including genetic, technical, or 

feeding strategies, can be implemented to improve the 

tolerance of chickens to variations in thermal conditions 

(Oke et al., 2017; Oke, 2018, Meteyake et al., 2020). Heat 

acclimation is a strategy that could increase the 

thermotolerance of fast-growing broilers (Meteyake et al., 

2020). The embryonic and early postnatal periods are the 

best times to improve the heat tolerance of chickens 

through thermal manipulation (Yahav 2009). When 

broilers are exposed to thermal stress during these periods, 

they acquire thermotolerance more easily in continued life 

(Al-Zghoul et al., 2013; Loyau et al., 2016). It was 

reported that adaptation to environmental conditions could 

be manipulated by exploiting the immaturity of the 

thermoregulatory mechanism system of chickens at the 

perinatal stage (Yahav and Mcmurtry 2001). In order to 

improve the thermal tolerance and welfare of poultry 

without altering growth and, thus, the economic viability 

of poultry industries, numerous studies on thermal 

manipulations in the perinatal and neonatal period have 

been conducted (Piestun et al., 2008; Nideou et al., 2019; 

Meteyake et al., 2020). These techniques induce rapid 

physiological and metabolic changes that persist for the 

life of the animal (Collin et al., 2011). A study by 

Meteyake et al. (2020) indicated positive effects of 

embryonic and neonatal acclimation techniques when 

applied individually, and in combination on Ross 308 

broilers raised in a tropical climate; however, some 

deleterious effects, such as low hatchability, were 

observed. It became necessary to conduct further studies to 

establish optimal techniques. The adverse effect observed 

could be due to the duration of thermal manipulation 

applied to hatching eggs (Meteyake et al., 2020). 

Additionally, despite the plethora of reports on the 

thermotolerance of chickens, there is a scarcity of 

information on the effect of thermal manipulation duration 

during incubation on the productive performances of 

broilers reared in a tropical climate and in real 

uncontrolled environmental conditions (temperature and 

humidity). Thus, the present study aimed to investigate the 

effects of thermal manipulation during incubation (TMI) 

on, first, embryo development and production 

performances, second, thermo-tolerance, and third, meat 

quality of broiler chickens reared under a chronic hot 

environment. 

 

MATERIAL AND METHODS 

 

 Ethical approval 

This study was carried out in strict accordance with 

the recommendations of the Guide for the Care and Use of 

Experimental Animals (008/2021/BC-BPA/FDS-UL) of 

the University of Lome, Togo.  

 

Study design 

A total of 900 Cobb 500 broiler chicken hatching 

eggs from 35-week-old broiler breeders, provided by 

Incubel Hoogstraten, Belgium, were used for this study. 

Before incubation, these eggs were weighed, identified, 

and incubated in the same incubator (Petersime® Vision, 

Zulte, Belgium ) at standard conditions (37.8°C and 60% 

of relative humidity [RH]) until day 7. Eggs were then 

divided randomly into three incubation treatment groups 

of 300 eggs each, including the control group (C group) 

and two thermal manipulation groups (T6 and T12 groups, 

Figure 1). The control group (C) was maintained at 

standard conditions while T6 and T12 groups were 
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subjected to a temperature of 39.5°C and 65% of RH for 6 

and 12 hours daily, respectively, during the embryonic day 

(ED) 7-16. On day 18 of incubation, all the eggs were 

candled, and those with evidence of living embryos were 

weighed and transferred from the turning trays to hatching 

baskets, where they were subjected to standard conditions 

until ED 21.  

At ED 21, 125 chicks per incubation group, selected 

randomly, were transferred to the farm and raised for 6 

weeks. After 10 days of brooding, the chickens were 

raised at a natural ambient temperature, humidity, and 

ventilation in an open-sided poultry house (25 broilers 

with 5 replicates per group) and were randomly assigned 

to floor pens). They were reared on a floor litter with a 

stocking density of 10 broilers per m
2
 (2 x 1.25 x 1.8 m for 

each pen) from 10 days of age onward and were subjected 

to the same prophylactic and light program (23 hours of 

light and 1 hour of darkness). All the chicks were 

vaccinated against the infectious bursal disease (BUR-706, 

France) vaccine via drinking water at the age of 5 and 19 

days. Newcastle disease (Avinew® NeO, Boehringer 

Ingelheim, Lyon, France) and Avian infectious bronchitis 

disease (Bioral, Boehringer Ingelheim, Lyon, France) 

vaccines were also orally administrated at the age of 7 and 

21 days. All the broilers were fed ad libitum and received 

the same non-pelleted feed (Table 1). At 6 weeks of age, 

15 chickens per group were slaughtered for meat yield, 

and quality measurement, and blood samples were 

collected to determine levels of T3, T4, and corticosterone 

hormones. 

 

 

Table 1. Calculated composition of experimental feed 

during the starter (0-10 days of age) and grower (11-42 

days of age)  

Ingredient (%) 
Starter  

(1-10 days) 

Grower  

(10-42 days) 

White maize 53.5 62 

Wheat bran 4 3 

Fish meal1 8 8 

Roasted soybeans 21.5 19.5 

Brewery by product 5 2 

Oyster shell 2 2.5 

Broiler concentrate 5 2 

Dl-methionine 0.5 0.5 

L-lysine 0.5 0.5 

Total 100 100 

Chemical nutritional characteristics 

Metabolizable energy (kcal/kg) 3000 3065 

Crude protein (%) 21.30 19.59 

Crude fiber (%) 4.9 4.68 

Lysine 1.45 1.33 

Methionine ((%) 0.98 0.88 

Methionine + cysteine (%) 1.20 1.08 

Calcium 1.55 1.34 

Total phosphorus 0.56 0.61 
1A commercial fish meal containing 40% crude protein produced in 

Senegal and used by West African breeders. 

 

 

 

 

 

  

 

 

 

Figure 1. Study design. RH: Relative humidity; T°: Temperature; ED: Embryonic day 

 
 

900 Cobb 500 Hatching eggs 

from 35-week-old broiler 
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hours/day, ED7-16 
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Data collection 

Embryo and albumen weight, hatching event, 

hatchability, and chick quality 

At embryo days 10, 12, 14, 16, and 18, a total sample 

of 10 eggs per group was broken, and the embryo and 

albumen weight were measured. These data were used to 

determine the Relative embryo weight (REW) and 

Relative albumen weight (RAW) using Formula 1: 
 

REW or RAW (%) = 

 
Absolute Embryo or Albumen weight

Egg weight
 X 100         (Formula 1) 

 

From 450 to 504 hours of incubation, the time of 

external pipping (EP) and hatching for individual eggs 

were recorded every three hours. The hatched chicks were 

recorded. These data were used to determine the external 

pipping time (time between setting and external pipping), 

external pipping duration (duration between external 

pipping and hatching), and the total incubation duration 

(time between setting and hatching). Fertile hatchability 

and total embryo mortality (TEM) were also determined 

using formulas 2 and 3. 

 

Fertile hatchability (%) =  
Number of hatched chicks at the end of incubation

Number of fertile eggs transferred to the hatching basket 
 X 100    (Formula 2) 

 

Total embryo mortality (%) =  
Number of unhatched but fertile eggs 

Number of fertile eggs transferred to the hatching basket
 X 100   (Formula 3) 

 

One-day-old chick body weights and quality 

At 21 days of incubation, the hatched chicks were 

weighed, and the chick quality was determined according 

to the Tona scoring method (Tona et al., 2003). According 

to this method, physical parameters were scored, including 

reflex, down and appearance, eyes, the conformation of 

legs, navel area, yolk sac, remaining membranes, and yolk. 

The chick quality score was defined as the sum of the 

scores assigned to each quality parameter. 

 

Meteorological data during the rearing phase 

Temperatures and RH in the poultry house were 

recorded daily at 07:00 a.m., 10:00 a.m., 01:00 p.m., and 

04:00 p.m. using thermo-hygrometers (HTC-1, China). 

These data were used to calculate the temperature-

humidity index (THI) using Formula 4 used by Bueno et 

al. (2020): 

 

THI = 0.8T + (
RH(T−14.3) 

100
) + 46.3        (Formula 4) 

 

THI: Temperature-humidity index, T: Ambient 

temperature, RH: Relative humidity 

 

Post-hatch growth performance and mortality rate 

At the end of the hatch, chicks were transferred to 

the farm and weighed to determine their initial body 

weight. During the experimental period, amount of feed 

consumption, body weight, and mortalities were recorded 

weekly. Feed intake was determined as the difference 

between the amount of feed given and the remaining feed. 

The body weight gain was calculated as the difference 

between initial and final body weight. These data were 

used to determine the feed conversion ratio by dividing 

feed intake by body weight gain. 

 

Blood sample collection and hormonal analysis  

At an internal pipping stage, at hatch, and 6 weeks 

post-hatch, the blood samples (n = 15 per group) were 

collected (from the jugular vein at IP stage and brachial 

veins at hatch and at 6 weeks post-hatch)  in heparinized 

tubes and centrifuged at 3,000 rpm for 15 minutes. The 

samples of plasma obtained were stored in a freezer at -

20°C. A volume of 100 μL of plasma was used for tri-

iodothyronine (T3), thyroxin (T4), and corticosterone 

concentrations determination by using the automated 

VIDAS systems, which is an enzyme-linked fluorescent 

assay (ELFA) technique. Antibody anti-T3 of mutton, 

marked by phosphatase alkaline and sodium azide, 

antibody anti-T4, marked by phosphatase alkaline and 

methylisothiazolone, and a derivative of cortisol, marked 

by phosphatase alkaline and sodium azide, provided by 

VIDAS were used, for the determination of the 

concentrations of T3, T4, and corticosterone, respectively. 

All the samples were run in a certain assay for each 

hormone to avoid inter-assay variability. Corticosterone 

concentration was determined just at 6 weeks of age. 

 

Body and surface temperature 

Neck and breast temperature were measured on 30-

day-old chicks per group using an infrared thermometer. 

The rectal temperature was also measured using an 

electronic thermometer.  

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/mutton
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/alkaline-phosphatase
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Meat yield and quality 

At week 6, 15 broilers per group were slaughtered. 

Their carcass, breast, and tigh were weighed to calculate 

their yields in relation to body weight. The ultimate pH 

(pHu or pH24 ) of the pectoralis major muscle was 

measured at 24 hours postmortem using a pH meter 

(HI9125 portable waterproof pH/ORP meter, HANNA 

Instrument, Italy) by inserting the electrode in the left 

pectoralis major muscle (Zhang et al., 2017). The drip loss 

of pectoralis major muscle was also determined, as 

described by Zhang et al. (2017). Meat samples with a size 

of 3 cm (length) × 2 cm (width) × 1 cm (thickness), were 

weighed (W1) and suspended parallel to the longitudinal 

axis of the myofibers in netting and vacuumed bags and 

stored at 4°C. Samples were weighed after 48 hours (W2) 

hanging. The drip loss was calculated using the following 

formula: 

 

Drip loss at 48 hours (%)       

=  
W1 − W2

W1 
 X 100    (Formula 5) 

Where, W1 is weight at slaughter time and W2 

denotes weight 48 hours after slaughter. 

 

Statistical analysis 

Graph Pad Prism 8.0 statistical analysis software was 

used for data analysis. ANOVA one-way test was used for 

statistical analysis. Shapiro-Wilk’s test was used to check 

the normal distribution of data, and Levene’s test to prove 

the homogeneity of variance. Percentage data were 

transformed into Arcsin values and then re-transformed 

into the original values after the analysis. The comparison 

between the different groups after ANOVA was made 

using the Tukey test. The significant level was set at p < 

0.05.  

 

 

RESULTS 

 

Embryo weight  

The evolution of the absolute and relative weights of 

embryos according to the treatments has been shown in 

Figure 2 (A and B). The figures show the increasing 

trajectory of absolute and relative embryo weights with 

age. The embryos of the three groups had similar absolute 

weights from day 10 to 16 (p > 0.05). However, on day 18 

of incubation, embryos from C and T12 groups had a 

higher absolute weight than those of the T6 groups (p < 

0.05). Regarding relative weight, the significant effect of 

embryo acclimation was only observed on days 14 (C = 

T12 > T6; p < 0.05) and 16 (C = T6 > T12; p < 0.05) of 

incubation.  
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Figure 2. Absolute (A) and relative embryo weight (B) 

according to thermal manipulation and chicken embryo 

age. *: significant difference; p ˂ 0.05; C: Control group, T6: 

Group subjected to 6 hours of thermal treatment, T12: Group 

subjected to 12 hours of thermal treatment. 

 

 

Albumen weight  

Absolute and relative albumen weights decreased 

with embryo age (figures 3A and 3B). Absolute and 

relative albumen weights were similar in all three groups 

except on day 16 of incubation, where the C group had a 

lower absolute weight (p < 0.05) and a lower relative 

weight (p < 0.05) than the other groups (T6 and T12). 

A 

B 
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 Figure 3. Absolute (A) and Relative albumen weight (B) 

according to thermal manipulation and chicken embryo 

age. *: significant difference; p ˂ 0.05; C: Control group, T6: 

Group subjected to 6 hours of thermal treatment, T12: Group 

subjected to 12 hours of thermal treatment. 

 

Egg weight loss at 18 days of incubation and 

hatching performance 

The effect of thermal manipulation during incubation 

(TMI) on egg weight loss and hatching performance has 

been shown in Table 2. The egg weights before setting 

were 62.08 ± 0.17 g, 62.12 ± 0.17 g, and 62.25 ± 0.17 g, 

respectively in C, T6, and T12 groups. Egg weight loss at 

18 days of incubation was higher in the control group 

compared to the T12 group (p < 0.05), however, there was 

no significant difference between T6 and other groups. 

Both duration of thermal manipulation significantly 

increased external pipping time (p < 0.05). The T6 group 

had external pipping about 4 hours and 2 hours after C and 

T12 groups, respectively. The T6 group had a significantly 

lower external pipping duration and a higher total 

incubation duration, compared to the other groups (p < 

0.05). The T12 group had no significant external pipping 

duration and total incubation duration compared to the 

control. Hatchability and body weight of chicks of all 

groups at hatch were not significantly (p > 0.05) different 

among all the groups, while TMI during 12 hours 

decreased the chick’s quality (p < 0.05).   

 

Rectal, neck, and breast temperature 

The effect of heat treatments on rectal, neck, and 

breast temperatures is shown in Table 3. The rectal 

temperature of chicks in the T12 group was significantly 

the lowest (p < 0.05). It was followed by the temperature 

of T6 group and C group, which had the highest rectal 

temperature. Regarding neck and breast temperature, it 

was significantly higher in the T6 group compared to the 

other groups (p < 0.05).  

 

Meteorological data in the opened poultry house 

The evolution of ambient temperature, RH, and THI 

in the poultry house is shown in Table 4. The ambient 

temperature increased to reach a peak at 01:00 pm and 

then decreased. The RH followed an opposite trend to that 

of ambient temperature. The highest THI was reached at 

01.00 pm. 

 
Table 2. Effect of thermal manipulation on hatching process, fertile hatchability, body weight, and quality of broiler chickens 

Parameters C T6 T12 p value 

Egg weight loss at ED 18 (%) 14.38 ± 0.15a 13.7 ± 0.2ab 13.41 ± 0.19b 0.0007 

EP time (hours) 466.1 ± 0.4394c 470.8 ± 0.5321a 468.6 ± 0.5287b <0.0001 

EP duration (hours)  15.71 ± 0.508a 13.57 ± 0.429b 14.03 ± 0.556ab 0.0059 

Incubation time (hours) 481.8 ± 0.498b 484.4 ± 0.465a 482.6 ± 0.526b 0.0005 

Fertile hatchability (%) 84.68 ± 2.829 84.44 ± 2.750 83.59 ± 2.922 0.9602 

Day old chick body weight (g) 44.89 ± 0.386 44.69 ± 0.451 44.27 ± 0.468 0.6121 

Tona score (%) 85 ± 0.8460a 82 ± 1.046a 71 ± 1.369b <0,0001 
a,b Means within rows with different superscripts differ significantly (p < 0.05) C: Control group, T6: Group subjected to 6 hours of thermal treatment, T12: 

Group subjected to 12 hours of thermal treatment, EP: External pipping, ED: Embryonic day 

 

A 

B 
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Table 3. Effect of thermal manipulation on rectal, neck, and side temperature of broiler chickens at hatch (at day 21 of 

incubation) 

Parameters C T6 T12 p value 

Rectal temperature (°C) 38.89 ± 0.07a 38.59 ± 0.08b 38.20 ± 0.0795c <0.0001 

Neck temperature  (°C) 36.34 ± 0.1635b 37.12 ± 0.1680a 36.51 ± 0.2294ab 0.0121 

Breast temperature (°C) 37.18 ± 0.1908b 38.16 ± 0.1989a 37.28 ± 0.2549b 0.0041 
a,b Means within rows with different superscripts differ significantly (p < 0.05) C: Control group, T6: Group subjected to 6 hours of thermal treatment, T12: 

Group subjected to 12 hours of thermal treatment, °C: Degree Celsius 

 

Post-hatch performance 

The post-hatch performance of the broiler chickens 

according to treatment is shown in Table 5. Daily feed 

intake (DFI) was reduced significantly by the thermal 

treatment (p < 0.05). The body weight at 6 weeks of age 

and the average daily weight gain were increased 

significantly by a TMI of 12 hours (p < 0.05). The feed 

conversion ratio was reduced significantly in the T12 

group compared to the C group (p < 0.05). The FCR of the 

T6 group was not significantly different from the C group 

and T12 group. The mortality rate (MR) was significantly 

reduced by TMI (p < 0.05). The lowest MR was recorded 

in the T12 group. 

 

T3, T4 and corticosterone hormone  

The effect of TMI on thyroid hormone levels at the 

internal pipping stage, hatch, and at 6 weeks post-hatch is 

shown in Table 6. Regardless of the stage (at the internal 

pipping stage, at hatch, and at 6 weeks post-hatch), the 

level of T3 was significantly lower in TMI groups, 

compared to the control (p < 0.05). The level of T4 at the 

internal pipping and 6 weeks post-hatch was significantly 

lower in the T6 and T12 groups compared to the control 

group (p < 0.05). Plasma corticosterone concentration at 6 

weeks of age was significantly lower in T6 and T12 

groups compared to the control group (p < 0.05, Figure 4). 

 

Meats yields, ultimate pH, and drip loss 

The effect of thermal treatment on meat yields is 

shown in Table 7. The carcass yield of the control group 

was significantly lower than the other groups, which had 

similar carcass yields (p < 0.05). The thigh yield was not 

affected by thermal manipulation, while breast yield was 

increased significantly with 12 hours of TMI compared to 

the control group (p < 0.05). The pHu of meat was 

significantly higher in T6 group compared to the control 

group (p < 0.05, Figure 5), while drip loss was reduced 

significantly by thermal manipulation irrespective of TMI 

duration (p < 0.05, Figure 6). 

 

 

Table 4. Temperature-humidity index, mean temperature, and relative humidity values in the open poultry house during the 

rearing phase  

                                    Schedules of the day 

Parameters 
7.00 am 10.00 am 01.00 pm 04.00 pm 

Temperature (°C) 25.91 ± 0.25 30.5 ± 0.29 33.5 ± 0.2 29.77 ± 0.4 

Relative Humidity (%) 46.665 44.835 35.815 39.335 

THI 72.44 77.96 79.97 76.20 

°C: Degree Celsius, THI: Temperature- humidity index 

 

Table 5. Effect of thermal manipulation on post-hatch performance of broiler chickens  

Parameters C T6 T12 p value 

DFI (g) 76.72 ± 0.46a 70.28 ± 0.411b 70.03 ± 0.551b < 0.0001 

DWG (g) 37.78 ± 0.34b 37.72 ± 0.22b 39.22 ± 0.28a 0.0073 

FCR 2.03 ± 0.05a 1.89 ± 0.06ab 1.79 ± 0.09b 0.0335 

MR (%) 9.09 ± 0.52a 6.58 ± 0.60b 3.927 ± 0.672c 0.0007 

FBW (g) 1631.6 ± 15.5b 1629 ± 12.2b 1691 ± 16a 0.0250 
a,b Means within rows with different superscripts differ significantly (p < 0.05) C: Control group, T6: Group subjected to 6 hours of thermal treatment, T12: 

Group subjected to 12 hours of thermal treatment, DFI: Daily feed intake, DWG: Daily weight gain, FCR: Feed conversion ratio, MR: Mortality rate, FBW: 

Final body weight. 
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Table 6. Effect of thermal manipulation on thyroid hormones of broiler chickens  

Stage Parameters C T6 T12 p value 

IP 
T3 (nmol/l) 27.02 ± 0.646a 16.29 ± 0.962b 12.68 ± 0.114c <0.0001 

T4 (nmol/l) 33.32 ± 0.356a 25.21 ± 0.778b 19.31 ± 0.009c <0.0001 

Hatch 
T3 (nmol/l) 3.748 ± 0.386a 2.049 ± 0.170b 2.542 ± 0.153b 0.0012 

T4 (nmol/l) 24.63 ± 0.934b 36.09 ± 0.329a 37.91 ± 0.832a <0.0001 

Six weeks post-hatch 
T3 (nmol/l) 2.763 ± 0.018a 2.11 ± 0.1091c 2.438 ± 0.0414b <0.0001 

T4 (nmol/l) 16.29 ± 0.464a 6.025 ± 0.221c 9.728 ± 0.2425b <0.0001 

a,b Means within rows with different superscripts differ significantly (p < 0.05). C: Control group, T6: Group subjected to 6 hours of thermal treatment, T12: 

Group subjected to 12 hours of thermal treatment, nmol/l: nanomol per liter, IP: Internal pipping 

 
Table 7. Effect of thermal manipulation on meat yields of broiler chickens 

Parameters C T6 T12 p value 

Carcass yield (%) 70.21 ± 0.2222b 72.43 ± 0.4498a 72.74 ± 0.3032a <0.0001 

Breast yield (%) 22.82 ± 0.3277b 23.50 ± 0.3673ab 24.46 ± 0.2934a 0.0044 

Thigh yield (%) 22.14 ± 0.4907 21.95 ± 0.4907 20.89 ± 0.5618 0.1668 

a,b Means within rows with different superscripts differ significantly (p < 0.05) C: control group, T6: Group subjected to 6 hours of thermal treatment, T12: 

Group subjected to 12 hours of thermal treatment. 
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Figure 4. Effect of thermal manipulation during 

incubation on plasma corticosterone concentration of 6 

weeks old broiler chickens. a,b Different letters indicate 

significant (p < 0.05) differences among treatments C: Control 

group, T6: Group subjected to 6 hours of thermal treatment, T12: 

Group subjected to 12 hours of thermal treatment. 

C T6 T12

4.0

4.5

5.0

5.5

6.0

Groups

p
H

 2
4

a

b
ab

p = 0.0223

 
Figure 5. Effect of thermal manipulation on meat ultimate 

pH of broiler chickens. a,b Different letters indicate significant 

(p < 0.05) differences among treatments C: Control group, T6: 

Group subjected to 6 hours of thermal treatment, T12: Group 

subjected to 12 hours of thermal treatment. 
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Figure 6. Effect of thermal manipulation on meat drip loss 

of broiler chickens at 48 hours post-slaughter. a,b  Different 

letters indicate significant (p < 0.05) differences among 

treatments C: Control group, T6: Group subjected to 6 hours of 

thermal treatment, T12: Group subjected to 12 hours of thermal 

treatment. 

 

 

DISCUSSION 

 

This study clearly showed that the duration of thermal 

manipulation during incubation affected embryo 

development, hatching and post-hatching performance, 

meat quality, and thermotolerance of Cobb broilers. 

Regarding the effects of TMI on embryo development at 

certain embryonic ages, the present study indicated a 

significant effect of TMI on absolute and relative yolk sac, 

albumen, and embryo weights. These results are similar to 

those of Molenaar et al. (2011) and Maatjens et al. (2014), 

who observed that eggshell temperature influenced yolk 

absorption and embryo development during incubation.  

Regarding hatching performance, similar to the 

findings of a study by Meteyake et al. (2020), indicating the 

12-hour TMI reduced egg weight loss at 18 days of age. The 

increase in incubation temperature was combined with 65% 

RH to reduce water loss caused by the high temperature. 

Relative humidity of 65% appears too high for a 12 h TMI 

but not for 6 hours since egg weight loss was similar to 

controls in the group subjected to a 6 hours TMI. 

Incubation time was longer in T6 group compared to 

T12 group, which had a similar incubation time to the 

control group in the present study. Thermal manipulation 

during incubation would have reduced the metabolism of 

the embryos. This could explain why the relative weight of 

embryos in the T6 group was lower compared to the other 

groups at certain ages. Moraes et al. (2004) observed a 

delay in the hatching processes of eggs incubated at 

39.0°C for 2 hours per day from day 13 to day 17 of 

incubation.   

Higher incubation temperature depresses hatchability 

depending upon the embryogenesis stage and 

temperature’s duration and intensity (Halle and 

Tzschentke, 2011). Thermal manipulation during 

incubation did not significantly affect hatchability and 

chick weight in the current study. The present results are 

in contrast with those of Meteyake et al. (2020), who 

observed a reduction in hatchability and body weight of 

Ross 308 day-old chicks subjected to TMI (39.5°C and 

65% for 12 hours). This discrepancy could be attributed to 

the genetic strain of the broiler (Cobb 500) used in the 

present study. Therefore, a TMI applied for 12 hours 

would not be enough to induce an augmentation of 

embryonic mortality in Cobb 500 strain. However, a 

decrease in the quality of chicks from the eggs subjected 

to TMI of 12 hours was observed. This result is similar to 

the studies by Piestun et al. (2015) and Meteyake et al. 

(2020). A duration of 12 hours of thermal manipulation 

was sufficient to elicit negative effects on the navel 

closure and then the chick’s quality in this study. 

Thermal manipulation during incubation reduced the 

rectal temperature of hatched chicks in the present study. 

Collin et al. (2007), Al-Zghoul et al. (2015), Al-Rukibat et 

al. (2017) observed a low rectal temperature in chicks 

hatched from the eggs subjected to TMI treatments. This 

reduction in the body temperature suggested a reduction in 

metabolism, and thus, better thermotolerance, as 

evidenced by T3 levels in day-old chicks subjected to 

TMI. Thermal manipulation during incubation of 6 hours 

increased the body temperature of the neck and breast in 

day-old chicks. These results are similar to those reported 

by Morita et al. (2016), who observed an increase in head, 

back, and neck temperatures in day-old chicks from eggs 

subjected to continuous heat treatment of 39°C from day 

13 of incubation to hatching. This thermal treatment would 

have reduced the thickness of the skin and increased the 

density of blood vessels in the skin, thereby increasing the 

thermolysis capacity of the chicks. These results were not 

observed in chicks from the eggs subjected to 12 hours of 

TMI. This suggests that the duration of TMI would affect 

broilers’ thermolysis and, thus, their thermotolerance. 

During the post-hatch growth phase, the chickens 

were reared in an open-sided poultry house in a tropical 

temperature where the daily ambient temperature and RH 

were highest between 10:00 am and 01:00 pm. The 

ambient temperature during this period exceeded the 
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optimal rearing temperature (between 22 and 24°C) for 

adult chickens. It was observed that temperature and RH 

were inversely proportional. The cyclic variation of 

ambient temperature and RH in the current study is 

consistent with environmental conditions in tropical 

climates. Temperature-humidity index (THI) is an 

indicator which is used when the effects of heat stress are 

evaluated (Zulovich et al., 1990). According to Purswell et 

al. (2012), thermal comfort indices, such as the THI 

integrate the effects of temperature and humidity and may 

offer a means to predict the effects of thermal conditions 

on performance. The THI values were as high as 80 

around 10:00 a.m. and even more at 1:00 p.m. This shows 

that the broilers were thermally stressed every day 

throughout the experiment, as it has been shown that THI 

values above 79.92 indicate that hens are exposed to heat 

stress (Yakubu et al., 2018). 

In this study, the higher daily weight gain and final 

body weight of chickens in the T12 group are consistent 

with those of Al-Zghoul et al. (2019). It was reported that 

TMI improved broiler weights by stimulating muscle 

development and growth via myoblast proliferation 

(Piestun et al., 2015). This effect was not observed in the 

T6 group, suggesting that a TMI during 6 hours in the 

current study was insufficient to stimulate myoblast 

development and growth.  

The feed intake of the chickens decreased as a 

function of TMI duration in this study. This result 

confirms that Meteyake et al. (2020) observed a decreased 

feed intake in acclimated chickens. The decrease in feed 

intake would be due to a decrease in metabolism and, thus, 

heat production, corresponding to the low plasma T3 and 

T4 levels in 6-week-old acclimated chickens. The levels of 

thyroid hormones are important indicators of metabolic 

activity (Todini, 2007). Jenkins et al. (2004) stated that 

thyroid hormones significantly influence the metabolism, 

development, and thermoregulatory mechanisms of the 

chicks in the post-hatch period and consequently, on 

metabolic heat production. The decrease in heat 

production in chickens subjected to TMI led to better 

thermotolerance, as shown by the decrease of 

corticosterone levels in the T6 and T12 groups. Blood 

corticosterone levels are commonly analyzed as a stress 

index in chickens (Mahmoud et al., 2004). The results of 

the current study are similar to those of Piestun et al. 

(2008), who observed a decrease in blood corticosterone 

levels in acclimatized chickens subjected to a thermal 

change at the end of rearing. 

The decrease in feed conversion ratio in this study 

could be explained by the fact that despite a decrease in 

the feed intake of chickens in the T12 group, they had a 

higher weight gain than the other group. In agreement with 

this study result, Meteyake et al. (2020) observed an 

improvement in the feed conversion ratio in chickens from 

eggs subjected to TMI.  

The increased carcass yield of the TMI chickens in 

the current study is probably due to the myoblast 

proliferation, particularly in the breast muscle, which had 

a higher yield. These results are similar to those of Piestun 

et al. (2015), indicating that TMI stimulates muscle 

development and growth via myoblast proliferation. The 

reduced meat drip loss in the present study is consistent 

with the observation of Yalçin et al. (2005), who found 

lower drip loss in breast meat of broilers exposed to 

39.6°C from embryonic day 10 to 18. According to AL-

Sagan et al. (2020), pH24 is one of the most important 

physical traits for the qualitative profile of meat and is 

commonly utilized to assess the sensory qualities of the 

technological properties of meat. Meat pH is related to the 

water-holding capacity (Jung et al., 2010), which is 

correlated positively with the texture, juiciness, and flavor 

of the meat. In the present study, TMI reduced drip loss, 

increased the ultimate pH of the meat, and then improved 

the processing ability of the meat, particularly in the T6 

group. These results are similar to those of Yalçin et al. 

(2022), who reported that an increase in the incubation 

temperature induced an increase of pH24. 

 

CONCLUSION 

 

In conclusion, thermal manipulation during incubation 

influenced embryo development and hatching 

performance. Thermal manipulation during incubation for 

12 hours reduced day-old chicks’ quality without affecting 

hatchability and body weight. Thermal manipulation 

during incubation affected the body and rectal 

temperature. Thermal manipulation during incubation 

decreases chicks’ rectal temperature. A TMI during 6 

hours increases chicks’ ability to dissipate heat. Moreover, 

post-hatch performance and meat quality were improved 

by TMI. Generally, exposing hatching eggs to 39.5°C and 

65% of relative humidity from day 7 to day 16 of 

incubation during 12 hours/day is recommended for the 

poultry industry in the tropical climate. 
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ABSTRACT 
The intestines of domestic poultry (Gallus domesticus) are one of the potential sources of probiotic bacteria 

that can produce antibacterial agents. The objective of this study was to identify the types of probiotic 

bacteria obtained from the digestion of domestic poultry using the molecular analysis method of 16S rRNA 

gene sequencing. Observations were conducted on colony morphology, gram staining, biochemical tests, and 

antibacterial activity using the diffusion agar method. Molecular analysis of DNA extraction was carried out, 

followed by the amplification of samples using a 16S rRNA universal primer. Dielectrophoresis and 

sequencing were performed on the 16S rRNA gene. The identification of morphological observations, gram 

staining, and biochemical tests showed that probiotic bacteria isolates, including Gram-positive, rod-shaped, 

rounded colony form, flat elevation, entire nonmotile edge, and catalase-negative, could ferment all 

carbohydrate content in the TSIA medium. The antibacterial potential was also found in probiotic bacteria, as 

evidenced by the inhibition zone formed in the test. The results of the bacterial gene sequences of PaTa5 

probiotic bacterial isolates had a similarity of 98.37% with Lactobacillus plantarum. These findings indicated 

the presence of some bacteria species that have antibacterial activity in the intestines of domestic chickens 

(Gallus domesticus). 
 

Keywords: Lactobacillus plantarum, Native chicken, Probiotic, 16S rRNA 
 

 

INTRODUCTION 
 

Probiotics are live microorganisms that positively affect 

the health of organisms and can balance the bacteria in the 

digestive tract by suppressing the growth of harmful 

pathogenic bacteria (Anadón et al., 2016; Vahdatpour and 

Babazadeh, 2016). One of the potential sources of 

probiotic bacteria is found in domestic poultry (Husain et 

al., 2017; Husain et al., 2019). The habitat of domestic 

poultry in the open environment causes the composition of 

the population of microorganisms that live in the digestive 

tract to be suspected to be high. Microbiota in the 

digestive system can form colonies that protect the 

digestive tract by sticking to epithelial tissue on the 

enterocyte wall, thereby reducing colony formation from 

pathogenic bacteria (Shang et al., 2018). 

The presence of bacteria in the digestive tract of 

chickens is partly due to the interaction of bacteria and the 

environment that contaminates the chicken’s body through 

the feed. The difference in chickens’ age will also 

influence the differences in the types of bacteria that exist 

(Talaiekhozani et al., 2015). The majority of bacteria 

found in adult chickens is dominated by the Lactobacillus 

genus, which is one of the variations in the composition of 

the bacterial population between 2-day-old chickens and 

adult chickens (Sugiharto et al., 2018). 

In an effort to find potential bacterial strains as 

antibiotics, the identification of bacterial strains continues 

to develop from conventional physiological and 

biochemical characterizations. Identification by this 

method requires a long time, and identification results are 

less accurate. An efficient, highly sensitive, and specific 
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molecular-based identification technique is currently being 

developed by analyzing 16S rRNA gene sequencing (16S 

ribosomal ribonucleic acid, S states Svedberg, the 

ribosome measurement unit) pioneered by Woese and Fox 

in 1977.  

The objective of the current study was to identify 

potential types of probiotic bacteria originating from 

domestic chickens using the 16S rRNA method. 

 

MATERIALS AND METHODS 
 

Ethical approval 

This research was conducted at the Microbiology 

Laboratory, Hasanuddin University, Indonesia. The 

procedure in this study followed the standards of the 

guidelines for the use of animals (Buchanan et al., 2012). 
 

Sampling and isolation 

Domestic chickens (Gallus domesticus) were obtained 

from Takalar, South Sulawesi, Indonesia 

(5°08.184’S,119°29.520’E). The inner walls of the 

chicken intestine were scraped and then inserted into a 

physiological sterile NaCl solution and diluted with graded 

dilution. A serial dilution was done at concentrations from 

10
-1

 to 10
-6

. 1 mL solution from the inoculated dilution in 

the De Mann–Rogosa–Sharpe agar (MRSA) medium (the 

pour plate method), then incubated at 37°C for 24-48 

hours. The isolate obtained was coded PaTa5. 
 

Morphological and biochemical characterization 

Morphological observations were conducted by 

observing the characteristics revealed by the colonies 

formed using a stereo microscope. Gram staining 

technique was done by painting bacterial cells with a 

solution of violet crystals, lugol, alcohol-acetone, and 

safranin to determine the type of gram in bacteria. 

Biochemical characterization was done using several 

tests, including the Triple Sugar Iron Agar Test (TSIA), 

Motility Test, and catalase test (Husain et al., 2022). 
 

Inhibition test 

The test was carried out in vitro by the agar 

diffusion method using a 10 mm blank disk. The test 

media was incubated at 37 for 1×24 hours, and the 

inhibition area was measured using calipers. Incubation 

was continued for up to 2×24 hours to determine the 

properties of the active compounds in the culture 

(Husain and Wardhani, 2021). 
 

DNA extraction 

The Geneaid PrestoTM Mini gDNA Bacteria Kit’s 

DNA (Geneid, Taiwan) extraction procedure was used to 

extract genomic DNA (Geneaid, 2017). 

16S rRNA gene amplification 

This technique was performed on isolated DNA 

samples using a previously prepared PCR reaction mixture 

consisting of 16 l 2 Mytaq HS Red Mix, 2 μl of each of the 

16S rRNA Primary Forward gene 63F and the Primary 

Reversal gene 387R, and 4 𝜇l of H2O. Tubes 

corresponding to amplifications of samples were filled 

with 22 μl PCR reaction mixture, then 5 𝜇l of nuclease 

water and 5 μl of DNA extract were added. Amplification 

was carried out for 30 cycles, and each cycle consisted of 

denaturation at 95°C for 5 minutes, at 95°C for 1 m, 

annealing at 57°C for 1 minute, extending at 72°C for 1 m, 

and post-extending at 72°C for 10 m (Sune et al., 2020). 

 

PCR products by electrophoresis detection 

The amplified DNA was separated with 1% agarose 

gel electrophoresis. The ethidium bromide (UltraPure™, 

United States) dye was used to observe the results, and the 

UV-transilluminator was used to detect them. The results 

of the detection were recorded according to the method 

described by Marzuki et al. (2015). 

 

DNA sequencing 

The basic local alignment search tool (BLAST) 

program was used to compare the partial DNA sequences 

of 16S rRNA with the public database (NCBI) to find 

homologies. Query cover and E-value values could be 

seen in the blast analysis results. Query cover indicates the 

percentage of sample used in the BLAST analysis, and the 

E-value shows the level of probability statistically of an 

item. A low E value indicates a high level of homology 

(Madden et al., 2013). Clustal was used to perform 

multiple alignments, and a phylogenetic tree was 

constructed using MEGA version 6.0 utilizing the 

neighbor-joining technique and bootstrap values derived 

from 1,000 replications (Sune et al., 2020). 

 

RESULTS AND DISCUSSION 

 

Morphological and biochemical characterization 

Based on the results of colony morphological tests, 

the characteristics of a colony were cream-colored, smooth 

surface of the colony, the entire edge, and the shape of flat 

elevation (Table 1). Morphological characterization was 

used to observe the morphology of bacterial colonies. 

Microorganisms grown on various media show different 

macroscopic appearances on growth (Wafula et al., 2015). 

The results of gram staining on probiotic bacteria 

showed that the shape of the bacterial cell was in the form 

of a stem (bacilli). Probiotic bacterial isolates were also 
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classified as Gram-positive bacteria, where the results of 

staining indicated a purple color (Figure 1). Based on the 

gram staining results, the nature of bacterial cell walls 

against crystal violet dye stain (primary color) and 

safranin (opponent color) could be seen (Aisha et al., 

2017). 

 

Table 1. Morphological characteristics of Lactobacillus 

plantarum 

Color Colony Surface Shape Edge Elevation 

Cream Smooth Circle Entire Flat 

 

 
Figure 1. Gram staining of Lactobacillus plantarum  

 

The morphological character of probiotic bacterial 

cells was obtained following the characteristics of 

probiotic bacteria classified as Lactobacillus gram-positive 

bacteria (Mannan et al., 2017). Gram-positive bacteria 

have a thick cell wall and a cell membrane layer so that 

when the bacteria become dehydrated by giving alcohol, 

96% of the pores will shrink, which causes the main color 

(crystal violet) not to get out (Peristiawati et al., 2019). 

The results obtained from the TSIA Test revealed that 

the PaTa5 probiotic isolate was not formed by gas and 

black sediment (H2S), and the yellow Slant and Butt parts 

indicated that the PaTa5 isolate was acidic. Therefore, it 

could ferment the three types of sugar, namely glucose, 

lactose, and sucrose. TSIA media contain sugar, glucose, 

and lactose/sucrose (Dalyn, 2014). Probiotic bacteria 

obtain energy, while it only depends on fermentative 

metabolism. There are types of lactic acid bacteria that can 

ferment the three types of sugar found in the TSIA 

medium, namely glucose, lactose, and sucrose. It is 

marked in yellow on the slant (slanted agar) and yellow on 

the Butt (Murugan, 2017). 

Motility test observation results showed that the 

isolate of PaTa5 probiotic bacteria was nonmotile since 

there was no propagation around the inoculation area. The 

PaTa5 isolate did not have a movement tool (flagella). 

Probiotic bacteria were nonmotile due to their minimal 

capacity for biosynthetic activity. Energy acquisition is 

totally dependent on the fermentative metabolism that 

takes place in its place (Wu et al., 2017). 

The catalase test results were negative, indicating that 

air bubbles (O2) did not form when the probiotic bacteria 

isolate was dripped with H2O2 solution. Isolates showed 

negative results on the catalase test. It can be concluded 

that the isolate of Lactic acid bacteria was 

homofermentative (Mannan et al., 2017). 

 

Inhibition test  

The inhibition test on pathogenic bacteria aims to 

determine the ability of isolates of probiotic bacteria 

obtained from domestic poultry Gallus domesticus to 

inhibit pathogenic bacteria, especially on the test bacteria 

used, namely Escherichia coli (E. coli, negative gram) as 

enteric bacteria and Staphylococcus aureus (S. aureus, 

positive gram) as pathogenic bacteria (Rouger et al., 

2017). E. coli and S. aureus are bacteria often found in the 

digestive tract of small poultry intestines and are 

pathogenic. 

The PaTa5 probiotic bacterial isolate had a clear zone 

diameter in the E. coli test bacteria of 17.5 mm, an 

incubation period of 1×24 hours, and 18 mm during the 

incubation period of 2×24 hours (Figure 2). Meanwhile, 

the S. aureus test bacteria obtained a diameter of 12.5 mm 

during the incubation period of 1×24 hours and 13 mm 

during the incubation period of 2×24 hours (Li et al., 

2016). The inhibition zone of 10-15 mm was classified as 

weak, 15-20 as moderate, and strong if> 20 mm. 

Therefore, the isolate of the PaTa5 probiotic bacteria had a 

moderate inhibitory effect on E. coli, while it was 

classified as having a weak inhibitory effect on the S. 

aureus bacteria. Probiotic bacteria are a type of bacteria 

that occupy the gastrointestinal tract. They can inhibit the 

growth of some bacteria by producing various antibacterial 

components (organic acids, hydrogen peroxide, and 

bacteriocin) that can suppress the growth of pathogenic 

bacteria (Husain et al., 2019; Weerapong et al., 2016). 

 

 
Figure 2. Inhibition test results for Escherichia coli (A) 

and Staphylococcus aureus (B) 

A B 
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16S rRNA gene amplification 

Genomic DNA isolated and extracted from probiotic 

bacterial isolates was then analyzed by PCR to amplify the 

16S rRNA gene using universal primers for 16S rRNA 

genes, namely forward primer 63F and reserve primer 

1387R. 

 

 
Figure 3. Results of 16S rRNA gene amplification with 

63F and 1387R primers 

 

The pairing of the 63F and 1387R PCR primary 

designs for 16S rRNA gene amplification of bacteria were 

systematically evaluated and tested in terms of the 

specificity and efficiency of various types of bacteria and 

samples in the environment. Primer pairs are more useful 

for 16S rRNA gene amplification in ecology and 

systematic studies. This primer could identify organism 

coryneform and genus Micrococcus (Gram-positive, high 

guanine (G) and cytosine (C), Eubacterium, and 

Proteobacteria. In addition, 63F was found to have a 

greater hybridization potential, compared to other primers 

(27F and 1392R), where the primer cannot amplify the 

conserved area optimally compared to the primary pair 

63F and 1387R (Marchesi et al., 1998). The amplification 

results were electrophoretic with agarose 1.5% and 

visualized by UV light. 

Based on the results of electrophoresis visualization, 

the primer used could be amplified well in PaTa5 bacteria 

probiotic isolates and is at a size of about 1300 bp (Figure 

3). As can be seen in Figure 3, the pattern of DNA bands 

resulting from PCR amplification was formed using 

primers in the form of a single band. The DNA bands of 

PaTa5 probiotic bacteria isolates appear thick. This shows 

the DNA of the amplified PaTa 5 sample had a high 

concentration, indicating that the PaTa5 sample was well 

amplified using 63F and 1387R primers. 

The suitability of the primers greatly affected the 

identification results. Misuse of primers could lead to the 

amplification of other regions in the genome that are not 

targeted or otherwise. No genomic regions were amplified. 

Optimization of annealing temperature was also a factor 

that affected the success of identification (Rychlik et al., 

1990; Guillen et al., 2016). 

The PaTa5 sample was amplified using a universal 

primer pair 63F and 1387R, which showed a clear and 

thick DNA band, then proceeded to the next stage of DNA 

sequencing. The intensity of the fragment during 

visualization was feasible to be used at a later stage with a 

clearly visible band, and no smears were found. The 

difference in band thickness indicated different DNA 

concentrations (Kuhn et al., 2018). 

 

16S rRNA fragments by sequencing analysis 

DNA sequencing is the process of sequencing a DNA 

base. This process uses the principle of enzymatically 

polymerizing DNA reactions (Kchouk et al., 2017). In 

order to determine the identity of the bacteria, BLAST 

first determines the base type. 

Several parameters, including Query cover, E-value, 

and ident, can be seen in Table 2. The query cover 

indicated the percentage of samples used in the BLAST 

analysis, and the E-value showed the level of probability 

statistically of an item. Of the four parameters, the most 

accurate was the E-value. A high percentage of homology 

was indicated by a smaller e-value (Madden et al., 2013). 

Identification results were 98% since differences in 

several pairs of nucleotide bases aligned. This can be 

caused due to mutation. Mutations are defined as changes 

in the DNA base. Mutations can occur spontaneously, 

where one of the bases is lost from the nucleotides through 

hydrolysis (Beyene et al., 2010). 

Analysis of the 16S rRNA gene sequence shows that 

the isolate of the PaTa5 probiotic bacteria obtained from 

the intestine of domestic poultry Gallus domesticus had 

the closest resemblance to Lactobacillus plantarum (L. 

plantarum). The L. plantarum bacteria can be classified 

into the domain of Bacteria, phylum of Firmicutes, class 

of Bacilli, order of Lactobacillales, family of 

Lactobacillaceae, genus of Lactobacillus, and plantarum 

species of Lactobacillus (Zheng et al., 2020). 

 

M = Marker 

 

1300 bp 



J. World Poult. Res., 12(4): 41-47, 2023 

 

45 

 

Table 2. Sequencing analysis result of PaTa5 isolates 

Homologous Lactic acid bacteria species Query coverage (%) E Value Identities 

Lactobacillus plantarum strain CAU:227  99 % 0.0 98.37% 

Lactobacillus plantarum strain CAU:222 99 % 0.0 98.37% 

Lactobacillus plantarum subsp. strain Ni997 99 % 0.0 98.37% 

Lactobacillus plantarum strain MMB03  99 % 0.0 98.36% 

Lactobacillus plantarum strain KLDS 1.0344  99 % 0.0 98.36% 

Lactobacillus plantarum strain YLL-03  99 % 0.0 98.36% 

 

CONCLUSION 

 

Morphological characterization shows that PaTa5 isolate 

is a gram-positive with bacillus (rods) form. PaTa5 

isolates could ferment all carbohydrate content in the 

TSIA medium, nonmotile in the SIM medium, and 

negative results at the catalase test. The inhibition test for 

pathogen bacteria shows a clear zone (inhibition zone) 

around the PaTa5 isolate. Metabolite was produced by this 

isolate from the inhibition zone in the E. coli test bacteria 

of 17.5 mm during the incubation period of 1×24 hours, 

and 18 mm during the incubation period of 2×24 hours. 

Meanwhile, the S. aureus test bacteria obtained a diameter 

of 12.5 mm during the incubation period of 1×24 hours 

and 13 mm during the incubation period of 2×24 hours. 

The results of the bacterial gene sequences of PaTa5 

probiotic bacterial isolates have a similarity of 98.37% 

with L. plantarum. Probiotic bacteria are often used as a 

food fermentation agent since they can improve food 

flavor. Considering the obtained results of the current 

study, probiotic bacteria have biological activity, such as 

antibacterial, making them suitable as fermentation agents 

for the production of functional foods and beverages. 
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ABSTRACT 
The present study was performed to investigate the effect of increasing stocking density, prebiotic 

supplementation, and the interactions on broiler chicken performance and some physiological parameters. A 

total of 912 one-day-old chickens were used in this study, and they were randomly divided into six groups 

with 4 replicates each. The experiment included three levels of stocking densities (10, 13, and 15 broiler 

chicken/m2) in 6 groups. Groups 1, 3, and 5 were maintained without prebiotic supplementation, while groups 

2, 4, and 6 received a diet supplemented with prebiotics in water (1cm/liter). Reducing stocking densities and 

adding prebiotics improved body weight, feed consumption, feed conversion ratio, hemoglobin, packed cell 

volume, oxidative stress parameters (total antioxidant capacity), and European production efficiency factor, 

while decreasing malondialdehyde levels. On the other hand, stocking density and prebiotic supplementation 

did not affect dressing percentage, the relative weight of giblet parts, hind part, front part, and lymphoid 

organs (thymus and bursa of Fabricius). In conclusion, adding prebiotics at 1 cm/liter (Mannan-oligo 

saccharide and B-Glucan) can partially mitigate the negative effects of high stocking density on production 

performance, physiological and oxidative stress parameters, and European production efficiency factor.  
 

Keywords: Antioxidant biomarkers, Broiler chicken, β-glucan, Mannan oligosaccharide, Oxidant, Prebiotic, 

Stocking density 
 

 

INTRODUCTION

Poultry has become an important industry in the 

economies of countries, and it plays an important role in 

providing animal protein at reasonable prices compared to 

meat and fish. The poultry industry has recently produced 

food with high progress with a decrease in production cost 

Nasr et al. (2021). Poultry has a fast production cycle and 

high feed conversion ratio compared to different other 

types of farm animals except for fish. Broiler chickens 

should be supplied with the best environmental conditions 

to fulfill their genetic potential for growth because any 

flaw in optimal conditions can reduce performance 

(Feddes et al. 2002). The stocking density is one of the 

important factors in the poultry industry. Stocking density 

is an expression of live weight or housed birds per square 

meter of floor space (Meluzzi and Sirri, 2009). Increasing 

stocking density had benefits that included increasing 

income, achieving full use of the available area, and 

improving productivity Gholami et al. (2020). High 

environmental temperature is one of the most critical 

factors that affect broiler chickens’ performance. High 

stocking density may be led to reduced dissipation of body 

heat to the air due to the reduction of airflow at the level of 

the bird. Due to high stocking densities, some factors that 

may decrease performance include poor air quality 

because of increased ammonia, difficulty access to feed 

and water, and unsuitable air exchange. Decreasing floor 
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space for broiler chickens may reduce feed efficiency, 

carcass quality, and growth rate and increase mortality 

(Feddes et al., 2002; Škrbić et al., 2011; Mahrose et al., 

2019). 

Prebiotics are natural feed supplements that cause 

many economic advantages by improving broiler 

chickens’ feed efficiency, decreasing mortality rates, and 

increasing growth rates (Yaqoob et al. 2021). Stress from 

high stocking densities had a negative effect on microbial 

population, growth performance, and gut morphology, 

while the supplementation of prebiotics can reduce the 

deleterious effect of stress and microbial dysbiosis in the 

gut of broiler chickens under the condition of high 

stocking densities (Kridtayopas et al., 2019). A study by 

Nikpiran et al. (2013b) was conducted to investigate the 

influence of prebiotics on the performance, blood 

enzymes, and organ weight of Japanese Quails. They 

found a diet containing 1 g/kg prebiotic. The pax (yeast 

cells of Saccharomyces cerevisiae) has positive effects on 

performance. Dietary prebiotics is supposed to be probable 

important replacements for antibiotic growth promoters in 

poultry production due to their improvement in productive 

performance and health status (Froebel et al., 2019). 

Recently, there was great attention to the use of prebiotics 

instead the use of antibiotics in the zootechnical sector 

(Prentza et al. 2022). Using Fermacto® as a prebiotic at a 

level of 1.6 g/kg in quail’s diet improved its growth 

performance, and it may be due to enhancing digestion, 

improving intestinal lumen health, and absorption of 

nutrients by different enzymes (Nikpiran et al. 2014). 

Different types of oligo and polysaccharides, including 

mannan-oligosaccharide (MOS), fructo-oligosaccharides 

(FOS), inulin, galacto-oligosaccharides (GOS), xylo-

oligosaccharides (XOS), pyrodextrins, isomalto-

oligosaccharides (IMO), lactulose and beta-glucan are 

generally regarded as prebiotics (Alloui et al., 2013). 

Adding prebiotics (Aspergillus meal) at a level of 1.6 g/kg 

to a quail diet has beneficial effects on performance 

parameters (Babazadeh et al. 2011). This study aimed to 

determine the effects of different stocking densities and 

prebiotic supplementation on productive performance, 

oxidative stress, and physiological parameters.   

 

MATERIAL AND METHODS 

 

Ethical approval 

The present study was done and approved by 

Institutional Animal Care and Use Committee (CU-

IACUC) at Cairo University, Cairo, Egypt, under the 

approval code CU/II/F/42/22. 

 

Study design  

A total of 912 unsexed One-day-old Cobb 500 

broiler chickens with an average weight of 48 g were used 

in this study. The trial period lasted from one day of age to 

slaughter (35 days). The broiler chicks were divided 

randomly into 6 groups, each group repeated 4 times. The 

experiment included 3 levels of stocking density (10, 13, 

and 15 broiler chicken/m
2
). The stocking density of groups 

1 and 2 was 10 broiler chicken/m
2
, groups 3 and 4 were 13 

broiler chicken/m
2,
 while groups 5 and 6 were 15 broiler 

chicken/m
2
. Groups 1, 3, and 5 were kept without prebiotic 

supplementation, while groups 2, 4, and 6 were 

supplemented with prebiotics in their water 1 cm/liter, 

Table 1). Feed and water were offered ad libitum during 

the experiment period (35 days). The vaccination program 

is shown in Table 2. Broiler chickens received starter (1-

10 days), grower (11-24 days), and finisher (25-35 days) 

diets. The compositions of diets are indicated in Table 3.   

Broiler chickens were exposed to 23 hours of light, 

and one hour of dark during the first 3 days, followed 

by20 hours of light and 4 hours of dark till the end of the 

experiment, the light intensity was 25 lux for the first 7 

days, and then 10 lux after 7 days of age. The brooding 

temperature was set at 32
o
C on the first day, and gradually 

reduced to 24
o 

C by the end of the third week, then 

maintained at 24
o
C until the end of the experiment.  

 

Table 1. Experimental design of the study  

Group Dietary treatment 

T1 10 bird/m2+0 prebiotic 

T2 10 bird/m2+1 cm prebiotic/liter water 

T3 13 bird/m2+0 prebiotic 

T4 13 bird/m2+1 cm prebiotic/liter water 

T5 15 bird/m2+0 prebiotic 

T6 15 bird/m2+1 cm prebiotic/liter water 

T: Treatment 

Table 2. Vaccination program of broiler chickens (Cobb 500) in the present study  

Age (days) Type Method Dose 

6 Infectious Bronchities (IB primer) +Newcastle disease (ND-Hitchener B1) Eye drops 1 dose 

10 Newcastle disease (ND- Hitchener B1) + Avian Influenza (H5n3) Injection under the skin neck 0.5 ml dose 

12 Infectious Bursal disease (IBD 78) Eye drops 1 dose 

16 Infectious Bronchities (IBird) Eye drops 1 dose 

18 Newcastle disease (ND-Lasota) Eye drops 1 dose 
Corporation and country made of vaccines: CEVA company, France 
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Table 3. Composition and calculated analysis of starter, grower, and finisher diets of broiler chickens 

Diets Starter (1-10 days) Grower (11-24 days) Finisher (25-35 days) 

Ingredients (%)    

Yellow corn 51.2 56.0 61.5 

Soya bean meal (46%) 41.3 36.0 30.5 

Vegetable oil 3.0 3.5 3.7 

Dicalcium phosphate 2.2 2.1 2.1 

Limestone 0.8 0.9 0.9 

NaCl (salt) 0.4 0.4 0.4 

DL-Methionine 0.3 0.3 0.3 

Permix* 0.4 0.4 0.3 

L-lysine-Hcl 0.2 0.2 0.2 

Threonine 0.1 0.2 0.1 

Antitoxin 0.1 0 0 

Anti-clostridium 0 0 0 

Antibiotic 0 0 0 

Total 100 100 100 

Calculated values 
   

Crude protein (%) 23.0 21.0 19.0 

Crude fat (%) 5.4 6.0 6.4 

ME (Kcal/Kg) 2972.7 3056.2 3127.7 

Crude fiber (%) 4.1 3.9 3.6 

Calcium (%) 0.9 1.0 0.9 

Total P (%) 0.8 0.8 0.7 

Available P (%) 0.5 0.5 0.5 

Lysine (%) 1.4 1.3 1.1 

Methionine (%) 0.7 0.6 0.6 

Methionine + Cystine (%) 1.0 1.0 0.9 

Threonine (%) 1.0 0.9 0.8 

Ash (%) 6.3 6.0 5.7 
*Each gram premix contained: vitamin A (transretinyl acetate) 9,000 IU; vitamin D3 (cholecalciferol) 2,600 IU; vitamin E (dl-α-tocopheryl acetate) 16 mg; 
vitamin B1, 1.6 mg; vitamin B2, 6.5 mg; vitamin B6, 2.2 mg; vitamin B12 (cyanocobalamin), 0.015 mg; vitamin K3, 2.5mg; choline (choline chloride) 300 

mg; nicotinic acid 30 mg; pantothenic acid (d-calcium pantothenate) 10 mg; folic acid 0.6 mg; biotin 0.07 mg; manganese (MnO) 70 mg; zinc (ZnO) 60 mg; 

iron (FeSO4 H2O) 40 mg; copper (CuSO4 5H2O) 7 mg; iodine (Ca(IO3)2) 0.7 mg; selenium (Na2SeO3) 0.3 mg. 

 
Prebiotic 

Each liter of prebiotic contains 62.5 g of Mannan-

oligo saccharide and 62.5 gm of B-Glucan. Prebiotics 

were added to the water for 8 hours per day from day 8 

until the end of the experiment. 

 

Data collection 

Productive performance 

The body weight (BW) of the chickens and feed 

consumption of each group were recorded weekly, and then 

the Feed Conversation Ratio (FCR) was estimated. European 

Production Efficiency Factor (EPEF) was calculated at the 

end of the experiment according to Equation 1: 

European Production Efficiency Factor = [Livability 

% × BW (kg) / Age (d) x FCR] ×100                          
 

Carcass characteristics  

After 35 days of age, 10 chickens were randomly 

selected from each batch, weighed, slaughtered, blood 

filtered, feathered, and then eviscerate. Dressing, front 

part, hind part, liver, gizzard, heart, spleen, bursa of 

fabricius, and thymus were weighed, and the relative 

weight was calculated.  
 

Hematological and oxidative stress parameters 

Blood samples were randomly collected at 35 days 

of age from 10 chickens from each group. The volume of 

samples was two ml and they were collected from the 

wing vein, without anticoagulant into a clean centrifuge 

tube. Three ml of heparinized blood samples were 

centrifuged at 2500 rpm for 15 minutes (Dacie and Lewis, 

1991). Individual plasma samples were stored in a deep 

freezer at -20
o
C until the biochemical analysis. 

 

Hemoglobin value and packed cell volume  

The hemoglobin concentration (g /100 ml blood) was 

determined by the spectrophotometer (Jenway, United 

Kingdom). Packed cell volume was determined by using 

microhematocrit tubes, blood centrifuged at 4000 rpm/ 

minute for 10 minutes, and the mean of the reading 

obtained was recorded (Dacie and Lewis, 1991). 

 

Total antioxidant capacity and malondialdehyde  

Plasma samples were assayed for Total antioxidant 
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capacity (T-AOC), and Malondialdehyde (MDA) was 

determined with a spectrophotometer by Colorimetric 

Method using commercial detection kits (Diamond 

Biodiagnostic, Egypt)  

 

Statistical analysis 

Enumeration data of the mortality and relative organ 

weight were tested by the Arcsine transformation method 

(Roger, 2013). A two-way analysis of variance was used 

to analyze the data by the least squares procedure of the 

general linear model (GLM) of SAS program (SAS, 

2014). Sources of variation were stocking density and 

prebiotic supplementation The separation of means was 

done using Duncan’s multiple range test (Duncan, 1955) 

for comparisons among the significant means (p < 0.05). 

 

RESULTS AND DISCUSSION 

 

Productive performance 

Live body weight  

The results of the present study in Table 4 showed 

that there was a negative relationship between stocking 

density and BW throughout the experimental period. The 

low density had a significantly (p < 0.05) higher BW than 

those of medium and high density. Significant differences 

(p < 0.05) in BW were observed between medium and 

high density at one, four, and five weeks of age, while at 

two and three weeks of age, no significant differences 

were observed (p < 0.05). Kridtayopas et al. (2019) 

consider high stocking density as a stress factor which in 

turn leads to reduced growth performance, gut bacteria, 

and intestinal morphology. It was reported that high 

stocking density could decrease final body weight at 42 

days (Sekeroglu et al., 2009). In the same line, Tong et al. 

(2012) found that increasing stocking density decreased 

body weight and weight gain. Likewise, Ali (2013) 

obtained that the highest body weight and daily body 

weight gain were recorded in the lowest density. 

 The current results also explain that prebiotic 

supplementation significantly improved body weight 

throughout the experimental period (p < 0.05). This result 

agrees with Chae et al. (2006), who reported that weight 

gain improved due to adding β-glucan supplementation to 

the broiler chicken diet. In addition, Abdel-Hafeez et al. 

(2017) reported that birds fed a diet supplemented with 

prebiotics had a greater body weight. Xu et al. (2003) 

indicated that feeding broilers diet containing 0.4% 

fracto-oligosaccharieds (FOS) increased the average daily 

gain. In another study, Shendare et al. (2008) recorded 

that the BW of broiler chickens fed a diet with 0.01% 

mannan-oligosaccharide (MOS) was higher as compared 

to the control group. Likewise, El-Sheikh et al. (2009) 

reported that adding 0.2% MOS to the diet of Mandarah 

hens increased BW and BWG. Tavaniello et al. (2018) 

found that prebiotics increased broiler’s BW irrespective 

of 3 different routes of delivery (in ovo, in water, and in 

ovo + in water) as compared to the control group. In 

addition, Nikpiran et al. (2014) reported that using 

Fermacto® as a prebiotic at a  level of 1.6 g/kg in quail’s 

diet had increased body weight as compared to the control 

group. Nikpiran et al. (2013b) found that body weight was 

higher than the control group when they added 1 g/kg 

Thepax (prebiotic) to the Japanese Quails diet. Babazadeh 

et al. (2011) reported that the body weight of quail that 

fed a diet containing 1.6 g/kg (Aspergillus meal) as a 

prebiotic at a level of was higher than the control group. 

Feed consumption  

The results of the current study showed that 

stocking density and the interaction with prebiotics had a 

significantly higher (p < 0.05) weekly and total feed 

consumption during the experiment period, while 

prebiotics improved weekly feed consumption for the 

second, third weeks, and the total feed consumption 

(Table 5). The Lower stocking density resulted in a 

significant increase (p < 0.05) in weekly feed 

consumption at one and five weeks of age, while at three 

and four weeks of age, medium groups consumed the 

highest amount of feed, on the other hand, during the 

second week the high-density group consumed 

significantly more feed as compared with other groups (p 

< 0.05). The interaction effect showed that adding 1 cm β-

glucan+MOS /liter drinking water had a contradicting 

effect on daily feed consumption.  

These results agree with previous studies by Dozier 

et al. (2005); Dozier et al. (2006) reported that feed intake 

was negatively affected by increasing stocking density 

(Dozier et al., 2005; Dozier et al., 2006). In the same line, 

Tong et al. (2012) reported that daily feed intake reduced 

significantly as density increased. Likewise, Cengiz et al. 

(2015) indicated that feed intake was significantly 

decreased at high stocking density (20 birds/m
2
)

 
as 

compared with low stocking density (10 birds/m
2
). 

Heidari et al. (2018) found that feed intake had reduced 

due to increasing stocking density from 12 to 18 birds/m
2
. 

Recently, Miao et al. (2021) demonstrated that high 

stocking density (20 birds/m
2
) significantly decreased feed 

intake as compared with low stocking density 14 birds/m
2
. 

The current results indicated that prebiotic 
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supplementation did not affect feed consumption. These 

results are in agreement with Benites et al. (2008), who 

found that the addition of Mannan Oligosaccharide from 

Bio-Mos (1.0 kg/ton or 0.5 kg/ton) and SAF-Mannanto (0.5 

kg/ton) in broiler’s diets had no significant effect on feed 

consumption. Also, Sohail et al. (2013) reported that 0.5% 

MOS had no significant effect on feed consumption when 

the broilers were reared under heat stress. Güçlü (2011) fed 

a Japanese quail diet for 12 weeks with different levels of 

MOS 0.5 and 1 kg/ton, and they found that prebiotics had 

no significant effect on feed consumption. Likewise, Iqbal 

et al. (2017) fed Japanese quail diets supplemented with 

0.25%, 0.50%, and 1.0% MOS for 15 weeks, and they 

found no significant effect on feed intake. And disagree 

with Piray et al. (2007), who showed that prebiotics 

increased feed intake during 0-42 days of age. Likewise, it 

was reported that dietary prebiotic supplementation of 0.5 g 

mannan oligosaccharide/kg from the first day of age until 

42 days of age improved feed consumption (Bozkurt et al., 

2009). Abdel-Raheem et al. (2011) reported that 

cumulative feed intake had increased for birds fed a diet 

with MOS 2 g/kg in the starter phase and 0.5 g/kg in the 

grower phase compared to control groups. Also, Rehman et 

al. )2020) reported that using MOS as a prebiotic in broiler 

chickens’ diet with different levels (0, 1, and 1.5 g/kg) had 

improved feed intake.  

Feed conversion ratio  

The current results explained that increasing density 

resulted in a negative effect on the commutative feed 

conversion ratio, the best value was recorded when 

stocking density was 10 birds/m
2
 at four and five weeks 

of age (Table 6). The interaction showed that the low-

density group supplemented with prebiotics had the best 

FCR compared with other groups. The current results 

agree with the finding of Guardia et al. (2011), who 

reported that increasing stocking density from 12 to 17 

birds/m
2
 had a negative effect on FCR and reduced 

growth performance. Palizdar et al. (2017) found that 

increasing stocking density had increased FCR, which 

was the highest value at 21.3 birds/m
2
. Abo-Ghanima et 

al. (2021) indicated that total FCR increased due to 

increasing stocking density from 25 to 40 kg/m
2
. 

The current results also explained that cumulative 

FCR was improved when birds were supplemented with 

prebiotics. Bozkurt et al. (2009) reported that improving 

feed conversion was due to stimulated growth of the 

beneficial microflora in the GIT induced by prebiotic 0.5 

g mannan oligosaccharide/kg. Nikpiran et al. (2013a) 

observed an improvement in broiler performances and 

FCR due to adding prebiotic Turbo Tox® (1 g/kg) to the 

diet. In the same line, Waqas et al. (2019) observed an 

improvement in FCR due to adding MOS 0.2, 0.4, and 0.6 

g/Kg. Likewise, Abd-Elsamee et al. (2021) reported that 

FCR significantly improved when broilers fed diets 

supplemented with a combination of β-glucan + MOS 

from yeast or mushroom at rates of 0.01%, 0.02% and 

0.03% as compared to control. Nikpiran et al. (2014) 

reported that FCR had improved due to using Fermacto® 

as a prebiotic at a level of 1.6 g/kg in the quail’s diet as 

compared to the control group. Nikpiran et al. (2013b) 

found that FCR had improved due to adding 1 g/kg 

Thepax to the Japanese Quails diet. Adding prebiotics 

(Aspergillus meal) at a 1.6 g/kg level to a quail diet 

improved FCR (Babazadeh et al. 2011). 

 

Table 4. Least-square means ± SE of broiler chickens’ body weight affected by density, prebiotic, and their interaction at day 

35 of age 

Items BW0 (g) BW1 (g) BW2 (g) BW3 (g) BW4 (g) BW5 (g) 

Density 
      

10 birds/m2 49.92 ± 0.27 218.61 ± 1.54a 518.47 ± 4.44a 1022.29 ± 8.87a 1578.21 ± 12.64a 2190.98 ± 21.69a 

13 birds/m2 48.80 ± 0.23 209.06 ± 1.24b 504.94 ± 3.00b 1004.16 ± 6.09b 1530.59 ± 9.08b 2011.90 ± 17.66b 

15 birds/m2 49.62 ± 0.21 203.02 ± 0.94c 510.48 ± 2.36b 1007.85 ± 4.46b 1483.01 ± 6.22c 1842.39 ± 13.19c 

Prebiotic 
      

0 Prebiotic 49.37 ± 0.19 208.36 ± 1.03b 506.84 ± 2.91b 1008.60 ± 5.37b 1514.94 ± 6.21b 1943.32 ± 14.34b 

1cm/liter water Prebiotic 49.48 ± 0.19 210.02 ± 1.02a 514.64 ± 2.18a 1012.29 ± 4.78a 1533.63 ± 8.62a 2041.18 ± 15.96a 

Interaction 
      

10 birds/m2*0 Prebiotic 49.97 ± 0.36 217.58 ± 2.22a 511.03 ± 7.70b 1004.33 ± 14.18c 1543.46 ± 12.47b 2188.75 ± 28.28b 

10 birds/m2*1cm/liter water 49.88 ± 0.40 219.65 ± 2.15a 525.91 ± 4.36a 1040.25 ± 10.46a 1634.96 ± 20.80a 2203.32 ± 33.00a 

13 birds/m2*0 Prebiotic 48.70 ± 0.35 206.97 ± 2.00c 501.36 ± 4.59c 1005.30 ± 8.48c 1537.43 ± 11.66c 1887.24 ± 21.67d 

13 birds/m2*1cm/liter water 48.91 ± 0.32 211.15 ± 1.47b 508.51 ± 3.87b 1003.03 ± 8.77c 1523.75 ± 13.94d 2137.38 ± 23.97c 

15 birds/m2*0 Prebiotic 49.55 ± 0.28 203.38 ± 1.10d 508.66 ± 3.46b 1014.22 ± 6.46b 1491.61 ± 8.52f 1832.50 ± 17.85f 

15 birds/m2*1cm/liter water 49.70 ± 0.31 202.66 ± 1.54d 512.30 ± 3.21b 1001.47 ± 6.14c 1474.42 ± 9.04e 1852.23 ± 19.43e 
a-f Mean, within a column, with different superscripts are significantly different (p < 0.05)  
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Table 5. Least-square means ± SE of broiler chickens’ weekly feed intake affected by stocking density, prebiotic, and their 

interaction at day 35 of age 

Items FW1 (g) FW2 (g) FW3 (g) FW4 (g) FW5 (g) TF (g) 

Density       

10 birds/m2 196.37 ± 1.37a 407.82 ± 4.71b 738.37 ± 7.95b 952.63 ± 11.38b 995.81 ± 27.37a 3094.68 ± 42.46a 

13 birds/m2 179.87 ± 1.04b 408.62 ± 1.64b 753.08 ± 3.88a 968.96 ± 11.62a 949.90 ± 32.14b 3080.56 ± 41.74a 
15 birds/m2 177.12 ± 0.39b 431.35 ± 2.86a 697.37 ± 7.47c 931.77 ± 15.24c 911.05 ± 34.60c 2971.55 ± 50.60b 

Prebiotic       

0 Prebiotic 184.58 ± 2.90 412.44 ± 5.04b 726.77 ± 10.67b 952.19 ± 10.37 946.28 ± 29.02 3037.71 ± 40.81b 

1cm/liter water Prebiotic 184.33 ± 2.45 419.42 ± 2.82a 732.45 ± 6.52a 950.05 ± 12.05 958.22 ± 25.17 3060.15 ± 38.10a 

Interaction       

10 birds/m2*0 Prebiotic 197.50 ± 2.32a 399.62 ± 6.93e 737.70 ± 13.19c 944.77 ± 18.69c 1002.25 ± 41.64a 3084.38 ± 62.52b 

10 birds/m2*1cm/liter water 195.25 ± 1.60a 416.02 ± 3.28b 739.05 ± 11.01c 960.50 ± 14.65b 989.37 ± 41.66b 3104.98 ± 66.59a 
13 birds/m2*0 Prebiotic 178.75 ± 1.93c 406.02 ± 2.15d 757.72 ± 1.08a 971.60 ± 22.25a 946.67 ± 50.88c 3082.03 ± 72.51b 

13 birds/m2*1cm/liter water 181.00 ± 0.70b 411.22 ± 1.85c 748.45 ± 7.41b 966.32 ± 11.45a 953.12 ± 47.17c 3079.10 ± 53.58b 

15 birds/m2*0 Prebiotic 177.50 ± 0.28c 431.67 ± 5.97a 684.90 ± 11.65e 940.20 ± 12.13c 889.92 ± 53.27e 2946.73 ± 70.83d 
15 birds/m2*1cm/liter water 176.75 ± 0.75d 431.02 ± 1.62a 709.85 ± 4.62d 923.35 ± 29.84d 932.17 ± 49.52d 2996.38 ± 80.75c 

a-eMean, within a column, with different superscripts are significantly different (p < 0.05). FW: Weekly feed intake, TF: Total feed intake.

 

Table 6. Least-square means ± SE of broiler chickens’ weekly cumulative feed conversion ratio affected by stocking density, 

prebiotic, and their interaction at day 35 day of age 

Items FCR1 FCR2 FCR3 FCR4 FCR5 

Density      

10 birds/m2 0.90 ± 0.01a 1.15 ± 0.01b 1.31 ± 0.01a 1.44 ± 0.02b 1.50 ± 0.02c 

13 birds/m2 0.86 ± 0.01b 1.16 ± 0.01b 1.33 ± 0.01a 1.51 ± 0.01a 1.62 ± 0.04b 

15 birds/m2 0.87 ± 0.01b 1.19 ± 0.01a 1.29 ± 0.01b 1.50 ± 0.01a 1.71 ± 0.01a 

Prebiotic      

0 Prebiotic 0.88 ± 0.01 1.17 ± 0.01 1.31 ± 0.01 1.49 ± 0.01 1.64 ± 0.03a 

1cm/liter water Prebiotic 0.87 ± 0.01 1.17 ± 0.01 1.31 ± 0.01 1.48 ± 0.01 1.58 ± 0.03b 

Interaction      

10 birds/m2*0 Prebiotic 0.91 ± 0.01a 1.14 ± 0.01c 1.32 ± 0.02b 1.48 ± 0.03b 1.50 ± 0.03c 

10 birds/m2*1cm/liter water 0.89 ± 0.01b 1.16 ± 0.01b 1.30 ± 0.01b 1.41 ± 0.01c 1.50 ± 0.03c 

13 birds/m2*0 Prebiotic 0.86 ± 0.01d 1.16 ± 0.01b 1.34 ± 0.01a 1.50 ± 0.01b 1.73 ± 0.03a 

13 birds/m2*1cm/liter water 0.85 ± 0.01d 1.16 ± 0.01b 1.33 ± 0.01a 1.51 ± 0.01a 1.52 ± 0.01c 

15 birds/m2*0 Prebiotic 0.87 ± 0.01c 1.20 ± 0.03a 1.27 ± 0.01c 1.49 ± 0.01b 1.70 ± 0.01b 

15 birds/m2*1cm/liter water 0.87 ± 0.01c 1.18 ± 0.01a 1.31 ± 0.01b 1.52 ± 0.02a 1.71 ± 0.04a 
a-d Mean, within a column, with different superscripts are significantly different (p < 0.05). FCR: feed conversion ratio 

 

Table 7. Least-square means ± SE of broiler chickens’ carcass traits affected by stocking density, prebiotic, and their 

interaction at 35 day of age 

Items 
Dressing W 

(%) 

Front part 

(%) 

Hind part 

(%) 

Liver W 

(%) 

Heart W 

(%) 

Gizzard W 

(%) 

Density       

10 birds/m2 71.24 ± 0.57 41.58 ± 0.78 29.70 ± 0.76 2.40 ± 0.07 0.46 ± 0.02 1.99 ± 0.06 

13 birds/m2 70.84 ± 0.53 41.11 ± 0.87 29.79 ± 0.61 2.62 ± 0.07 0.5 ± 0.02 2.01 ± 0.07 

15 birds/m2 71.44 ± 0.61 40.85 ± 0.63 30.59 ± 0.33 2.47 ± 0.11 0.48 ± 0.02 2.15 ± 0.12 

Prebiotic       

0 Prebiotic 71.37 ± 0.46 41.31 ± 0.56 29.94 ± 0.52 2.43 ± 0.05 0.48 ± 0.01 2.04 ± 0.05 

1cm/liter water Prebiotic 70.98 ± 0.47 41.05 ± 0.67 30.11 ± 0.45 2.57 ± 0.08 0.48 ± 0.01 2.07 ± 0.09 

Interaction       

10 birds/m2*0 Prebiotic 72.14 ± 0.85 42.40 ± 1.35 29.18 ± 1.41 2.43 ± 0.12 0.47 ± 0.04 2.01 ± 0.07 

10 birds/m2*1cm/liter water 70.34 ± 0.70 40.75 ± 0.77 30.22 ± 0.64 2.36 ± 0.07 0.45 ± 0.01 1.98 ± 0.11 

13 birds/m2*0 Prebiotic 70.38 ± 0.52 40.48 ± 0.63 30.16 ± 0.65 2.57 ± 0.07 0.49 ± 0.01 2.14 ± 0.09 

13 birds/m2*1cm/liter water 71.30 ± 0.94 41.75 ± 1.64 29.42 ± 1.07 2.68 ± 0.14 0.51 ± 0.04 1.89 ± 0.10 

15 birds/m2*0 Prebiotic 71.58 ± 0.92 41.05 ± 0.83 30.47 ± 0.37 2.29 ± 0.08 0.49 ± 0.02 1.96 ± 0.12 

15 birds/m2*1cm/liter water 71.29 ± 0.85 40.64 ± 0.99 30.70 ± 0.57 2.66 ± 0.20 0.48 ± 0.03 2.34 ± 0.20 
a-b Mean, within a column, with different superscripts are significantly different (p < 0.05). W: Weight  
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Table 8. Least-square means ± SE of broiler chickens’ lymphoid organs affected by density, prebiotic, and their interaction 

at day 35 of age 

Items 
Spleen W  

(%) 

Thymus W  

(%) 

Bursa of fabricius W 

(%) 

Density    

10 birds/m2 0.11 ± 0.007 0.79 ± 0.02c 0.08 ± 0.007 

13 birds/m2 0.12 ± 0.008 0.93 ± 0.02b 0.09 ± 0.005 

15 birds/m2 0.12 ± 0.007 0.99 ± 0.01a 0.11 ± 0.002 

Prebiotic    

0 Prebiotic 0.12 ± 0.005 0.90 ± 0.02 0.09 ± 0.004 

1cm/liter water Prebiotic 0.12 ± 0.006 0.91 ± 0.02 0.10 ± 0.005 

Interaction    

10 birds/m2*0 Prebiotic 0.12 ± 0.001 0.78 ± 0.03 0.08 ± 0.001 

10 birds/m2*1cm/liter water 0.11 ± 0.006 0.80 ± 0.03 0.08 ± 0.009 

13 birds/m2*0 Prebiotic 0.12 ± 0.001 0.93 ± 0.03 0.09 ± 0.005 

13 birds/m2*1cm/liter water 0.11 ± 0.001 0.92 ± 0.02 0.10 ± 0.001 

15 birds/m2*0 Prebiotic 0.11 ± 0.004 0.98 ± 0.02 0.10 ± 0.002 

15 birds/m2*1cm/liter water 0.13 ± 0.001 1.01 ± 0.02 0.11 ± 0.004 
a-b Mean, within a column, with different superscripts are significantly different (p < 0.05). W: Weight.  

 
Carcass traits 

The results of carcass traits in Table 7 showed that 

neither stocking density nor prebiotic supplementation 

affect the relative weight of all carcass trait parameters 

in the current experiment. The current results are in 

agreement with those of Thomas et al. (2004), who 

reported that stocking density did not affect the carcass 

traits significantly. In addition, Sekeroglu et al. (2011) 

indicated that stocking density had no significant effect 

on the percentage of carcass yield. On the other hand, 

Dozier et al. (2006); Onbasilar et al. (2008) reported that 

high stocking densities had a negative effect on final 

body weight. On the other hand, Yalçınkaya et al. 

(2012) found that adding 1 g/kg MOS to the broiler diet 

did not affect the percentage of carcass yield. However, 

Tavaniello et al. (2018) reported that prebiotics 

positively affected breast muscle weight and yield and 

can positively affect carcass traits and meat quality. 

Piray et al. (2007) revealed a positive effect on carcass 

quality when broiler chickens were fed prebiotic 

fermacto at the level of 1.5 and 3 g/kg, compared to the 

control group. Ahiwe et al. (2019) reported that adding 

yeast mannan (YM) at 0.15 or 0.20 g/kg to broiler 

chickens’ diet significantly improved the dressing 

percentage as compared to the control group. The results 

of Simitzis et al. (2012) demonstrated that the stocking 

density of 13 birds/m
2
 had a lower liver weight than that 

of 6 birds/m
2
. Sekeroglu et al. (2011) reported that 

stocking density did not significantly affect liver or 

heart weights. Waqas et al. (2019) reported that the 

weight of the liver, gizzard, and heart was higher in 

birds receiving 0.6 g/Kg of MOS than those of the 

control group. Waqas et al. (2019) found that gizzard, 

heart, and liver percentages were increased in birds fed 

0.6 g/Kg of MOS compared to those fed a control diet. 

Also, Rehman et al. (2020) found that using three levels 

of MOS in a broiler’s diet had significant effects on 

liver, heart, and gizzard weights. 

 

Lymphoid organs 

The results of lymphoid organs in Table 8 

demonstrated that neither stocking density nor prebiotic 

supplementation affected the relative weight of the spleen 

and bursa of Fabricius. However, the relative weight of 

the thymus was significantly increased with the increase 

in stocking density (p < 0.05). Houshmand et al. (2012) 

reported that the spleen and bursa of Fabricius weights 

did not significantly affect by stocking density. Likewise, 

Azzam and El-Gogary (2015) reported that stocking 

density had no significant effect on the bursa of Fabricius 

or spleen weights. Thymus weight did not affect by 

increasing stocking density, and the highest weight was 

for the medium density 20.35 g, while low and high 

density was 19.20 and 19.85 g, respectively. The results 

agree with Tong et al. (2012), who reported that different 

stocking densities had no significant effect on thymus 

weight. Thymus weight did not affect by increasing 

stocking density, and the highest weight was for the 

medium density 20.35 g, while low and high density was 

19.20 and 19.85 g, respectively. Qaid et al. (2016) 
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reported that the relative weights of the thymus did not 

affect by stocking density. In addition, Houshmand et al. 

(2012) reported that adding prebiotics (Bio-Mos) to the 

starter and finisher diets at 2 and 1 g/kg, respectively, had 

no significant effect on the spleen or bursa of Fabricius 

weights. Guo et al. (2003) reported that adding β-Glucan 

to the diet had increased the relative weights of the 

spleen, thymus, and bursa as compared to the control. 

Usama et al. (2018) added β-Glucan + MOS to the diet, 

had increased the percentage of lymphoid organs. Chand 

et al. (2019) obtained that the relative weight of the 

thymus, spleen, and bursa of Fabricius was significantly 

increased due to adding 100 g/kg MOS to the broiler diet 

as compared to the control group. On the other hand, 

Simitzis et al. (2012) reported that increasing stocking 

density from 6 to 13 birds/m
2
 decreased spleen weight 

and high density had lower weights of spleen and bursa 

of Fabricius than those in low density. In addition, Ali 

(2013) reported that high stocking density had reduced 

the bursa of Fabricius weight and its percentage at day 42 

of age. 

 

Hematological parameters 

Hemoglobin and packed cell volume 

The hemoglobin concentration of chickens at 

medium density was significantly higher than those of the 

other densities (p < 0.05, Table 9). On the other hand, 

birds at low density had significantly the lowest value (p 

< 0.05). These results disagreed with Sekeroglu et al. 

(2011), who found that stocking density had no 

significant effect on hemoglobin. 

The current study showed that supplementation 

significantly increased the Hg value from 7.05 g/dl to 

6.24 g/dl, compared to the control group. The interaction 

between the density and prebiotic showed that all 

densities had been affected by adding the prebiotic 

supplement and had a higher value than those un-

supplemented group. The results agreed with those of 

Mohammed et al. (2016) and Oni et al. (2020) reported 

that prebiotic supplementation improved hemoglobin 

value compared to the control group.  

There was a significant effect due to stocking 

density and their interaction on PCV, while prebiotics 

had no significant effect as compared to low-density and 

un-supplemented groups. Broiler chickens at high and 

low stocking density almost had the same PCV value, 

and it was higher than the medium density value (p < 

0.05). In the present study, the interaction showed that 

adding prebiotics to low and high-density birds improved 

PCV values. AL-Kassie et al. (2008) reported that when 

the prebiotic was added to the broiler chickens’ diet at 10 

g/kg increased the percentage of PCV at day 42 of age. 

Muhammad et al. (2020) and Tarabees et al. (2021) 

found that adding Isomalto-oligosaccharides 0.5 g/kg to 

broiler chickens’ diet had no significant effect on 

hemoglobin or PCV. 

 

Oxidative stress parameters 

Total antioxidant capacity  

Stocking density, prebiotic, and their interaction 

had a significant effect on TAOC in chickens reared in 

low density which had the significantly highest level of 

TOAC followed by those at high and then medium 

density (p < 0.05, Table 9). This result is in agreement 

with those reported by Zhao et al. (2009) and Cai et al. 

(2019), that stress caused by high stocking density 

influenced the antioxidant status of broiler chickens. The 

results of Wang et al. (2021) demonstrated that adding 

200 mg/Kg apple pectic oligosaccharide to breeder 

chickens’ diet increased TAOC values. 

Malondialdehyde  

The results showed that MDA raised due to the 

increase in stocking density. Chickens in low density had 

significantly the lowest value, while MDA in those in 

medium and high density had almost high concentrations 

(p < 0.05). These results agreed with Simsek et al. 

(2009), who reported that stocking density of up to 22 

birds/m
2
 may lead to oxidative stress and MDA increased 

when the stocking density increased.  

On the other hand, the results demonstrated that 

prebiotic supplementation had no effect on MDA (p < 

0.05). The interaction between density and prebiotic 

refers to contradicted results. The results were in 

agreement with those of Tarabees et al. (2021), who 

found that prebiotic Isomalto-oligosaccharides had no 

significant effect on MDA. However, Zhou et al. (2019) 

noted a decrease in MDA content when they added MOS 

at levels of 0.5, 1, and 1.5 g/kg to the diet. 

 

European production efficiency factor 

The best significant value of EPEF was found at the 

low density of (415.83) flowed by those in 13 bird/m
2
 

and then in 15 bird/m
2
 (p < 0.05, Table 10). Gholami et 

al. (2020) conducted a study to evaluate the effect of 

stocking density on broiler chicken performance and 

economic profit. They found that the stocking density 

significantly affected economic income when the study 

included four densities of 10, 15, 17, and 20 chicks/m2, 
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and the highest earnings were a density of 20 chicks/m2. 

Nasr et al. (2021) studied the impact of stocking density 

on growth performance to recommend a better density 

with low production cost and high quality. They found 

that the medium density of 18 birds/m
2
 revealed better 

performance and the best from the economic point of 

view than the high density of 20 birds/m
2
. Adding 

prebiotics to the broiler chicken diet positively affected 

the European production efficiency factor and increased 

the value to 372.25 compared with the control 341.24. 

Lowry et al. (2005) reported that using β-glucan as a 

prebiotic in the diet for broilers challenged with 

Salmonella had decreased mortality rate and economic 

loss for broiler chickens. Waqas et al. (2019) added 

different levels of MOS 0.2, 0.4, and 0.6 g/Kg to broiler 

chicken’s diet. They found that the broilers diet with 0.6 

g/kg MOS led to the best profit percentage per 1 Kg of 

meat as compared with the control. In addition, Ibrahim 

et al. (2021) reported that adding prebiotic AGRIMOS (a 

high source of mannan oligosaccharides and β glucans) at 

a level of 0.1% to broiler chicken diets low in protein 

(95, 90, and 85% of NRC) has a useful effect on 

economic value.  

 

Table 9. Least-square means ± SE of hematological and oxidative stress parameters affected by broiler chickens’ density, 

prebiotic, and their interaction at day 35 of age 

Items Hg (g/dL) PCV (%) TAOC (mM / L) MDA (nmol/ml) 

Density     

10 birds/m2 5.53 ± 0.24c 28.05 ± 1.40a 0.32 ± 0.02a 16.81 ± 1.81b 

13 birds/m2 7.47 ± 0.37a 26.80 ± 0.97b 0.12 ± 0.01c 18.51 ± 0.75a 

15 birds/m2 6.92 ± 0.27b 28.45 ± 0.84a 0.14 ± 0.01b 18.06 ± 1.40a 

Prebiotic     

0 Prebiotic 6.24 ± 0.25b 27.36 ± 0.96 0.16 ± 0.02b 17.80 ± 1.22 

1cm/liter water Prebiotic 7.05 ± 0.30a 28.16 ± 0.82 0.23 ± 0.02a 17.78 ± 1.04 

Interaction     

10 birds/m2*0 Prebiotic 5.01 ± 0.26c 25.50 ± 2.45d 0.27 ± 0.02b 14.57 ± 2.33c 

10 birds/m2*1cm/liter water 6.06 ± 0.35b 30.60 ± 0.90a 0.38 ± 0.03a 19.05 ± 2.69a 

13 birds/m2*0 Prebiotic 7.17 ± 0.39a 27.30 ± 1.21c 0.09 ± 0.01d 19.12 ± 0.89a 

13 birds/m2*1cm/liter water 7.78 ± 0.63a 26.30 ± 1.57c 0.15 ± 0.02c 17.89 ± 1.25b 

15 birds/m2*0 Prebiotic 6.54 ± 0.35b 29.30 ± 0.84b 0.14 ± 0.02c 19.71 ± 2.49a 

15 birds/m2*1cm/liter water 7.31 ± 0.41a 27.60 ± 1.45c 0.14 ± 0.01c 16.40 ± 1.19b 
a-b Mean, within a column, with different superscripts are significantly different (p < 0.05). TAOC: Total antioxidant capacity, MDA: Malondialdehyde, Hg: 

Hemoglobin, PCV: Packed cell volume 

 

Table 10. Least-square means ± SE of European production efficiency factor affected by broiler chickens’ density, prebiotic, 

and their interaction at 35th day of age 

Items EPEF (%) 

Density  

10 birds/m2 415.83 ± 15.44a 

13 birds/m2 351.09 ± 19.30b 

15 birds/m2 303.32 ± 10.51c 

Significant level <.0001*** 

Prebiotic  

0 Prebiotic 341.24 ± 17.46b 

1cm/liter water Prebiotic 372.25 ± 18.54a 

Significant level 0.0565* 

Interaction  

10 birds/m2*0 Prebiotic 414.45 ± 19.06a 

10 birds/m2*1cm/liter water 417.22 ± 27.36a 

13 birds/m2*0 Prebiotic 307.23 ± 16.37c 

13 birds/m2*1cm/liter water 394.96 ± 13.71b 

15 birds/m2*0 Prebiotic 302.04 ± 6.39c 

15 birds/m2*1cm/liter water 304.59 ± 21.77c 

Significant level 0.0530* 
a-c Mean, within a column, with different superscripts are significantly different (p < 0.05). EPEF: European Production Efficiency Factor  
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CONCLUSION 

 

It can conclude that adding prebiotics (Mannan-oligo 

saccharide and B-Glucan) can partially ameliorate the 

adverse effect of high stocking density on productive 

performance, physiological and oxidative stress 

parameters, and European production efficiency factor. 
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ABSTRACT 
The use of essential oils (EOs) in animal feeding has gained attention as a potential antibiotic growth promoter 

replacement over the past two decades. The current study aimed to determine the impact of three feed 

additives, namely black pepper, turmeric, and fennel, on the productivity of laying hens, the chemical 

composition, and macro- and microelement content in layer eggs. A total of 280 chicks aged 75 days were 

randomly divided into 7 treatments (5 replicates of 8 chicks). One treatment group was provided as the 

unsupplemented control. The other six treatment groups, namely D0 (basal diet [BD] control), D1 (BD + 1% 

of black pepper), D2 (BD + 1% of turmeric), D3 (BD + 1% of fennel), D4 (BD + 0.5% of black pepper + 0.5% 

of turmeric), D5 (BD + 0.5% of black pepper + 0.5% of fennel), D6 (BD + 0.5% of turmeric + 0.5% of fennel) 

were supplemented with varying levels of phytobiotics. The result of the study indicated that the egg weight, 

Hen-day-production (HDP), egg quality, and haugh unit significantly improved with a combined 

supplementation of phytobiotics (D4, D5, and D6 diets) when compared with the control. However, there were 

no significant differences in the chemical composition of eggs. The X-ray fluorescence spectrometer analysis 

of eggs revealed the presence of 17 significant elements, including phosphorous, sulfur, chlorine, potassium, 

calcium, manganese, iron, copper, zinc, and bromine. The study findings showed that the combined 

supplementation of phytobiotics lowered K and Cl, whereas Zn, Ca, S, and Cu contents positively increased in 

hen eggs by including phytobiotic in the diet. In conclusion, the EOs of phytobiotics as dietary 

supplementation at 1% and 0.5% could improve the HDP, egg weight, and egg mass, including nutrient 

elements in the egg. 
 

Keywords: Egg, Essential oil, Hen, Mineral, Phytobiotic 
  

 

INTRODUCTION 
 

Poultry eggs are a worthy source of essential nutrients, 

proteins, vitamins, and minerals for human beings. 

However, the use of conventional antibiotic feed additives 

or antibiotic growth promoters in poultry feed has caused 

numerous complications in public health, such as 

antibiotic residue in poultry products and the development 

of antibiotic resistance in consumers (Saeed et al., 2018). 

Consumer anxiety about food safety could stimulate the 

animal feed production revolution and enhance the use of 

phytobiotic feed additives (Abd El-Ghany, 2020). Herbs 

belong to phytobiotic feed additives and contain secondary 

metabolites or bioactive compounds such as alkaloids, 

carotenoids, phenols, and flavonoids (Mohanraj et al., 

2018; Ivanisova et al., 2020). These phytogenic attributes 

play a key role in producing healthy and safe poultry eggs, 

ultimately contributing to the maintenance of consumer 

health (Samantaray and Nayak, 2022). 

The biological, physical, and chemical properties of 

poultry eggs are well known as they are a rich source of 

protein, fat, vitamins, and minerals. However, the 

investigations on the effect of phytobiotic feed additives 

and the possibility of positive impact on poultry eggs are 

scanty (Mirzaei et al., 2022). The objective of the present 

study was to evaluate the effect of three herbs, namely  

black pepper, turmeric, and fennel, on poultry eggs. These 

herbs are widely distributed and commonly used in Indian 

households as spices due to their considerable importance 

for human consumption in ayurvedic science and also rich 

in secondary metabolites like phytopolyphenols, 

polypropanoids, and flavonoids (Kumar et al., 2017). As 
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previous studies noted, phytochemicals, such as capsaicin 

(Liu et al., 2021), curcumin (Yadav et al., 2020), 

caffeoylquinic acid, and rutin (Castaldo et al., 2021) add a 

positive impact on the quality of egg and health of layer 

chickens. 

Eggs are a good source of minerals that are macro 

elements, microelements, and trace elements. Elements, 

such as phosphorus (P), sulfur (S), chlorine (Cl), 

potassium (K), and calcium (Ca) belong to macro elements 

(Welch and Graham, 2004). Ions in less amount include 

manganese (Mn), bromine (Br), sodium (Na), copper (Cu), 

rubidium (Rb), strontium (Sr), zinc (Zn), selenium (Se), 

fluoride (F), titanium (Ti) and chromium (Cr); Dobrzanski 

et al., 2020). Aliu et al. (2021) classified heavy metals into 

the essential (Mn, Iron [Fe], Cu, and Zn) and non-essential 

groups (Rb, Br, and Sr). Gombart et al. (2020) classified 

Fe, Zn, Cu, and Mn micronutrients as essential for 

humans. A slightly different classification of the trace 

element is given by Rehault-Godbert et al. (2019), that Ca, 

Cu, Fe, Mn, P, K, and Zn are found in raw whole eggs, 

egg yolk, and egg white. In contrast, Lim and Schoenun 

(2010) include Cu, Mn, Zn, and Cr as heavy metals with 

toxic properties depending on their doses consumed by the 

consumer.  

The accumulation of essential and non-essential 

chemical trace elements in poultry eggs suggests that the 

composition and quantities of feed additives, as well as 

their chemical form, bioavailability, and bioactive 

substances or secondary metabolites, have a significant 

impact on the quality of poultry eggs (Abduljaleel, 2016; 

Ahmad et al., 2017; Heflin et al., 2018). This research was 

designed to address concerns with consumer health, egg 

quality, and the impacts of black pepper, turmeric, fennel, 

and their different combinations as a feed supplement in 

layer (Gallus gallus) diets, and the traceability of essential 

and non-essential nutrients in poultry eggs. 

 

MATERIAL AND METHODS 

 

Ethical approval 

All experimental methods involving the use of live 

animals were conducted with the approval of the 

Centurion University, Jatni, India, Ethics Committee for 

Experiments with Animals. 

 

Study design  

The research was carried out from May 2022 to 

November 2022 at Centurion University of Technology 

and Management in Bhubaneswar, India. A total of 280 

75-day-old chicks (Gallus gallus) with an average weight 

of 826.67 gm were purchased from the local hatchery of 

Jatni, India. After being weighed, the chicks were divided 

into one control and six experimental groups and 

randomly placed in a poultry house. Each group was 

further separated into five replicates, with eight chicks in 

each under controlled climate conditions. In the poultry 

house, an adaptation period of 2 weeks was maintained. 

Hens began laying eggs at week 25 of age, and 17 eggs 

were randomly chosen from each group for the study. Ever 

four chickens were roomed in 2 m
2
 of floor area. The 

chicks were fed a conventional balanced diet as per NRC 

(1994) standard recommendations. An appropriate room 

temperature of daily high (29-32
o
C) and low (25-22

o
C) 

were regulated by an electronic control panel (Temptron-

607 AgroLogic), and 14 hours of light and 10 hours of 

dark schedule for natural light were maintained throughout 

the experiment. The relative humidity was 65-76% 

throughout the investigation. 

The daily feed consumption of layer chickens was 

calculated as g/day. To calculate feed consumption, the 

difference between the leftover feed and the given 

feed/week was determined (Abou-Elkhair et al., 2018). 

The percentage of hen-day production was calculated from 

week 25
 

of age using daily egg production records 

(Adebiyi et al., 2018). 

Data on bird mortality, feed consumption, weight 

gain, and growth performance were recorded weekly. The 

chemical composition of the chickens’ diet was analyzed 

according to the protocols of Cerrate et al. (2019), 

Barzegar et al. (2019), and AOAC (2005), in the 

Department of Applied Science, CUTM, BBSR, Odisha, 

India (Table 1). A control diet was given to the control 

group (D0), and three oral dietary phytobiotic essential 

oils (Eos) supplements with varied compositions were 

given to the other six groups. The chickens in the D0 

received a basal diet with no additive (control), D1 was 

fed a basal diet plus 1% of black pepper (10 g/Kg of feed), 

D2 chickens were subjected to a basal diet plus 1% of 

turmeric (10g/Kg of feed), D3 received basal diet plus 1% 

of fennel (10g/Kg of feed), chickens in D4 were fed basal 

diet plus 0.5% of black pepper plus 0.5% of turmeric 

(10g/Kg of feed), D5 received basal diet plus 0.5% of 

black pepper plus 0.5% of fennel (10g/Kg of feed), and D6 

was given basal diet plus 0.5% of turmeric plus 0.5% of 

fennel (10g/Kg of feed).  
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Table 1. Composition and chemical content of diets fed to layers for 6 months 

Items (g/kg) 
Control diet Experimental groups (D1- D6) 

D0 D1 D2 D3 D4 D5 D6 

Maize 355 353 352 353 351 355 347 

Wheat 254 252 252 251 250 249 252 

Soybean meal 244 242 243 243 245 243 245 

Millet 40 39 40 39 40 39 38 

Peanut meal 81 78 77 77 77 78 82.6 

Black pepper - 10 - - 5 5 - 

Turmeric - - 10 - 5 - 5 

Fennel - - - 10 - 5 5 

DL-methionine 1.4 1.4 1.4 1.4 1.4 1.4 1.4 

Dicalcium phosphate 16.0 16.0 16.0 16.0 16.0 16.0 16.0 

Sodium chloride 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Vitamin-mineral complex2 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

Metabolizable energy (MJ/kg)3 

Crude protein 176 181 178 177 180 179 176 

Lysine 8.4 8.5 8.5 8.5 8.6 8.5 8.4 

Methionine 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

Threonine 6.5 6.6 6.6 6.5 6.5 6.6 6.5 

Calcium 39.0 40.1 40.2 39 40.1 40.1 39 

Total protein 3.2 3.2 3.1 3.4 3.1 3.3 3.3 

Sodium 1.8 1.8 1.9 1.9 1.8 1.9 2.0 

DEB4 (mEq) 175 177 178.1 178 177 179 179 
1D0: Basal diet plus control diet, D1: Basal diet plus 1% of black pepper, D2: Basal diet plus 1% of turmeric, D3: Basal diet plus 1% of fennel; D4: Basal diet 

plus 0.5% of black pepper plus 0.5% of turmeric, D5: Basal diet plus 0.5% of black pepper plus 0.5% of fennel, D6: Basal diet plus 0.5% of turmeric plus 

0.5% of fennel. 2The supplied premix/kg of diet: 3.45 mg retinyl acetate; 2 mg menadione (K3); 20 mg DL-alpha-tocopheryl acetate; 0.075 mg 

cholecalciferol; 2 mg thiamine; 2 mg riboflavin; 0.015 mg cyanocobalamin; 25 mg niacin; 8 mg 11 mg d-pantothenic acid; 1.1 mg folic acid; 0.13 mg biotin; 

12,300 IU vitamin A, 4,500 IU vitamin D3; 3Calculated according to (Barzegar et al., 2019; Cerrate et al., 2019) as a sum of ME content of components; 
4Dietary Electrolyte Balance. 

 

Essential oils 

Black pepper, turmeric, and fennel were purchased 

from the local market of Jatni, India, in March 2022. The 

EOs of the three phytobiotics were extracted using the 

supercritical CO2 extraction method at the Centurion 

University Research and Development Laboratories in 

Paralakhemundi, India. The dried phytobiotics were 

processed to a fine powder using a grinder (SS Pulverizer, 

3HP, India), and stored in an airtight vacuum-sealed bag. 

To reduce the loss of essential oils during the process, the 

phytobiotic powders were cooled (at 10°C) in a 

refrigerator (SSU-168, India) for two hours before 

grinding. Each phytobiotic powder (1000 g) was added to 

the high-pressure equilibration vessel. Liquid CO2 was 

supplied into the system via a reciprocating pump at a 

constant flow rate of 10 ml/minute and compressed to 

extraction pressures of 60°C and 300 bar for black pepper 

(Shityakov et al., 2019; Tran et al., 2019), 60°C and 250 

bar for turmeric (Gopalan et al., 2000; Neves et al., 2020), 

and 32°C and 300 bar for fennel (Hammouda et al., 2013). 

For each phytobiotic EO, the precipitated fractions were 

collected in a trapping flask. The collected samples were 

kept in individual amber bottles at 4°C for further use. The 

extraction yields were calculated using gravimetric 

analysis. 

 

X-Ray fluorescent spectrometer 

The X-Ray fluorescent spectrometer operates on the 

principle that individual stimulated atoms by X-ray 

photons, wavelength, or external energy can count the 

number of photons released by the sample at each energy 

level (Figure 1). The elements can be measured and 

classified based on the excited characteristic x-ray 

emission rate. Freshly laid hen (Gallus gallus) eggs were 

procured from all experimental groups for 6 consecutive 

days at the pick (about 90%) of laying at week 30 of the 

age. Undamaged eggs (n = 17) of each experimental group 

with a weight between 42 and 44 g were randomly chosen, 

and each egg was labeled with the group name, number, 

and lay date (Figure 2).  

The eggs were kept at 4°C
 
and weighed using an 

analytical balance (Aczet, CY 224 by HPFS instruments 

India LLP, Vasai). Eggs were broken into a sheet of a 

plain whiteboard, and the edible part of the whole egg 

(albumin and yolk combined) was well stirred in a glass 

vessel. A metal container was dried to a constant weight in 

a hot air oven at 100°C. The egg samples were placed in 

these metal containers and heated to 100°C for 24 hours 
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until the sample could gain a constant weight. The dried 

egg samples were crushed with a mortar and pestle and 

kept in cleaned plastic bags. The X-ray fluorescence 

spectrometer (Epsilon 1 PAN analytical B. V., 

Netherlands) was used to quantify the elements present 

in samples. The X-Ray beam ranged 40-60 KV and 50-

300 W (Jamaluddin et al., 2018). 

 

Statistical analysis 

The obtained data were analyzed using the Statistical 

analysis system (SAS, 2012). The significance of the 

findings was tested using one-way ANOVA. The Tukeys 

test was used to compare mean values at a significance 

level of p < 0.05. Box-whisker charting was chosen as the 

most appropriate descriptive statistical analysis approach 

for the comparative analysis of the data sets of macro 

element measurements. Box plots were used in this study 

to represent the means of various data sets as well as the 

range between the 25 and 75 percentiles. In contrast, 

outliers were considered to be insignificant and were not 

considered. 

 

 

 

 
 

 

Figure 1. Working of the X-Ray fluorescent spectrometer (Epsilon-1) for the analysis of hen egg mineral contents 

 

 

 

 

Figure 2. The schematic diagram for hen egg parameter analysis  

 

RESULTS AND DISCUSSION 

 

The Hen day production (HDP) of the layer chickens fed 

with D5 was 90.34% (0.5% black pepper and 0.5% 

fennel), and 86.67% for D4 (0.5% black pepper and 0.5% 

turmeric), which were significantly higher than that of the 

other experimental groups (p < 0.05). The obtained results 

were higher than those reported by Nuraini and Djulardi 

(2019). As can be seen in Table 2, D1, D3, and D6 groups 

were found to have a similar range of HDP and egg mass; 

XRF Spectrometer working 
X-Ray beam 

Egg sample Detection Results 

Egg parameter analysis 

Eggs were collected for analysis (labelled, named, and date of lay) 

Average daily feed intake, feed efficiency, egg weight and mass, 
%hen day production measured 

Egg Physical and Chemical parameters analysed 

Egg XRF analysis for P, S, Cl, K and Ca, Mn, Fe, Cu, Rb, Eu, Ti, 
Zn,  Br, Sr, Sn, Gd, Er content 
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however, D0 (control) had the lowest HDP of 76.67% and 

egg mass. The D4, D5, and D2 diets substantially affected 

egg mass values, as Phuoc et al. (2019) supported.  

The average egg weight was considerably higher in 

D4 when compared to the other experimental groups and 

the control (p < 0.05). Egg weight is a well-known factor 

that affects egg quality. Regarding the egg weight, the 

highest (44.80±0.02 g)  was for D4 (Table 2). The findings 

indicated that the treatment-related values in D2 and D5 

were statistically equivalent. In contrast, D1 and D6 have 

been proven to have a significantly similar effect on egg 

weight compared to D0, D3, and D4 diets (p < 0.05). There 

were no significant differences in feed efficiency with diets 

D1, D3, and D6, compared to  D0, D2, and D5 (p > 0.05). 

It has been demonstrated that albumin weight affects 

internal egg quality, with thicker and higher albumin 

content regarded as superior quality (Kowalska et al., 

2021). Compared to the other experimental groups, the 

chickens fed the D2 and D4 diets indicated significantly 

greater albumin contents (p < 0.05), which is consistent 

with Abou-Elkhair et al. (2018). Indicators of the yolk 

quality include weight, texture, hardness, and scent 

(Wijedasa et al., 2020). According to Table 3, the yolk 

weight of the eggs from chickens in the D4 diet was found 

to be 18.87 ± 0.01 g, indicating higher yolk quality when 

compared to D0 (control) diet (p < 0.05), which is 

supported by Nuraini and Djulardi (2019). The D6 diet 

group showed no significant effect on yolk weight (p > 

0.05), compared to the D0 (control) diet. The current 

findings are supported by Souza et al. (2020). 

All 17 trace elements (P, S, Cl, K, Ca, Mn, Fe, Cu, 

Rb, Eu, Ti, Zn, Br, Sr, Gd, Er) were quantitatively found 

in layer eggs of all experimental groups. Figure 3 displays 

the highest P, S, Cl, K, and Ca contents. Other 

macronutrients were found in lower concentrations in the 

D0 (control), while K was found in higher concentrations 

in the control group, compared to other experimental 

groups. Layer chickens fed D5 diet had the highest Fe, P, 

and Ca levels. Those fed D6 diet had greater levels of S 

and Cl than the other experimental groups. 

The proximate composition of eggs was similar, 

regardless of the dietary treatments (Table 4). As seen in 

Table 3, Mn was only found in diets D2 and D6. 

According to Gilani et al. (2021), hens can use the calcium 

in calcium carbonate to produce bones and eggshells. Ca-

phytate complex formation was accelerated by high Ca 

concentrations relative to P. All experimental diets had no 

significant effect on Cu, K, or Rb (p < 0.05). As shown in 

Figure 3, the present findings for Ca content were greater 

in D4 and D5 diets than those reported by Dobrzanski et 

al. (2020) and Rehault-Godbert et al. (2019). The results 

of the present study for K content were similar to those 

reported by Ahmad et al. (2017); however, they were 

lower than the suggested content by Rehault-Godbert et al. 

(2019). According to Table 3, diets D2, D4, and D6 

contain titanium (Ti), higher than those measured by 

Dobrzanski et al. (2020). Regarding D2 and D6 diets, the 

presence of Eu was below detectable levels. The amount 

of Zn was found to be significantly higher in diet D5 than 

in the control (p < 0.05), which is considerably less than 

the reported value of Zn by Aliu et al. (2021). The mineral 

profiles for Gd and Er were only detected in egg samples 

given with the D1 and D6 diets, respectively.  

The mineral content of eggs can be used to evaluate 

the mineral status of animals (Gilani et al., 2021). The 

results of this study revealed that phytobiotics significantly 

increased Fe, Se, and Zn concentrations in hen eggs (p < 

0.05), which is similar to the findings of recent research 

(Bonos et al., 2022; Vlaicu et al., 2022). Phytobiotics 

enhance Fe absorption in the intestine, allowing Fe to 

enter cells via the clathrin-mediated endocytosis pathway 

(Chithrani and Chan, 2007). The Zn defends cell 

membranes from oxidative damage and is a crucial 

component of the body’s antioxidant defense mechanism 

(Aliu et al., 2021). This could happen due to Zn 

scavenging free radicals through enhanced metallothionein 

production. Additionally, Zn might facilitate 

metallothionein and function as a P53 co-transcriptional 

factor to repair DNA damage brought on by oxidative 

stress (Yin et al., 2022). This could explain the advantages 

of increased Zn concentrations shown in hen eggs 

provided with the D5, D4, and D1 diets, which contained 

combinations of black pepper and turmeric, black pepper 

and fennel, and black pepper, respectively (p < 0.05).  

The thyroid metabolism depends heavily on trace 

minerals (Abdelli et al., 2021). It was shown that Fe 

supplementation could enhance T3 levels while decreasing 

T4 levels in livestock, which was significant since serum 

T4 levels can influence fat metabolism by controlling the 

production and breakdown of cholesterol (Dilawar et al., 

2021). The current investigation found that phytobiotics 

significantly lowered the serum T4 concentration in diets 

D5, D4, and D3, compared to other groups (p < 0.05). By 

supplementing livestock diets with EOs of phytobiotics, 

the increased Fe content may activate 5'-deiodinase 

activity and increase T3 to T4 conversion (Abdelli et al., 

2021). Dietary trace elements, particularly Zn, can 

stimulate carboxypeptidase B and stabilize many proteins 

to facilitate protein conversion (Vlaicu et al., 2022). 

Incorporating phytobiotics may have enhanced 

performance by upregulating the quality of the eggs 

produced by the layers (Samantaray and Nayak, 2022). 

Copper (Cu) is recognized as essential and toxic to 

many biological processes. It can enter food materials 
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through mineralization by crops, food processing, or 

environmental contamination (Afsana et al., 2004; 

Rehault-Godbert et al., 2019). The detected Cu means 

value in egg samples was 0.289 μg/gm with diet D5 and 

D1, and Cu values in egg samples analyzed in the 

presented study were close to the level reported in the 

above-mentioned studies. However, Cu levels in the D0 

control and D6 diet were significantly lower than the other 

experimental diets (p < 0.05), and with no significant 

differences between the D2 and D4 diets (p < 0.05). Fe is 

an essential mineral, and it is well known that including 

enough Fe in the diet is essential for lowering the risk of 

developing anemia (Yin et al., 2022). In this investigation, 

Fe was substantially higher in the D5 diet when compared 

to similar values in D3 and D4 diets, and it is significantly 

lower in the D6 diet, compared to D5 (p < 0.05). The mean 

Fe concentrations showed a significant difference (p < 

0.05) between the D5 and D0 diets, which was not beyond 

the standard limit reported by Rehault-Godbert et al. 

(2019). The daily intake of essential elements, such as Ca, 

P, Cl, Mn, Fe, and Zn, were compared to the provisional 

and recommended daily intake of minerals and 

FAA/WHO for certain foods (FAO/WHO, 2002; RDI, 

2020). As shown in Table 3 and Figure 3, the calculated 

data of the average daily intake of Cl, Fe, Mn, Cu, Zn, and 

P from the egg sample did not exceed the standard limit. 

Compared to the other group elements, Cu and Fe came 

closer to the limit of the essential elements.  

 

Table 2. The effect of different phytobiotic combinations on layer performance over a 6-month period  

Egg parameter 
Control diet Experimental diet1 

D0 D1 D2 D3 D4 D5 D6 

Average egg weight (gm) 34.12 ± 0.17c 40.33 ± 0.11b 42.72 ± 0.12ab 39.71 ± 0.14b 44.8 ± 0.02a 42.92 ± 0.09ab 40.85 ± 0.07b 
Hen day production (%) 76.67 ± 0.19d 80.1 ± 0.011c 83.33 ± 0.1b 80.13 ± 0.12c 86.67 ± 0.13a 90.34 ± 0.14a 80.4 ± 0.12c 

Egg mass (g/day/hen) 26.15 ± 0.45c 32.33 ± 0.21b 35.72 ± 0.12ab 31.81 ± 0.17b 38.82 ± 0.2a 38.77 ± 0.14a 32.84 ± 0.17b 

Yolk weight (gm) 14.25 ± 0.07c 16.61 ± 0.04b 17.56 ± 0.03a 17.94 ± 0.1a 18.87 ± 0.01a 16.34 ± 0.04b 14.63 ± 0.05c 
Albumin weight (gm) 19.7 ± 0.1c 22.23 ± 0.12ab 23.71 ± 0.00a 23.21 ± 0.01a 23.87 ± 0.01a 22.25 ± 0.01ab 21.37 ± 0.00b 

Haugh Unit 70.88 ± 0.1c 79.99 ± 0.20ab 88.24 ± 0.14a 75.38 ± 0.11b 78.64 ± 0.1b 81.33 ± 0.12ab 85.78 ± 0.09a 
1D0: Basal diet plus control diet, D1: Basal diet plus 1% of black pepper, D2: Basal diet plus 1% of turmeric, D3: Basal diet plus 1% of fennel; D4: Basal diet 
plus 0.5% of black pepper plus 0.5% of turmeric, D5: Basal diet plus 0.5% of black pepper plus 0.5% of fennel, D6: Basal diet plus 0.5% of turmeric plus 

0.5% of fennel. abcDifferent letters in the same row indicate significant differences at p < 0.05. 

 

Table 3. The effect of phytobiotics on the mineral content of the edible portion of the hen eggs (yolk and albumen)  

Nutrients/Elements 

Elements (μg/gm) 

Control diet Experimental diet1 

D0 D1 D2 D3 D4 D5 D6 

Iron (Fe) 6.37b  ± 0.001 6.72b ± 0.01 5.99bc ± 0.002 7.3b ± 0.009 7.32b ± 0.001 10.71a ± 0.005 5.65c ± 0.001 

Zinc (Zn) 2.22b ± 0.001 3.10a ± 0.003 2.61ab ± 0.002 2.85ab ± 0.001 3.31a ± 0.001 3.39a ± 0.001 2.29b ± 0.004 
Manganese (Mn) - - 0.316a ± 0.003 - - - 0.042b ± 0.000 

Copper (Cu) 0.204b ± 0.0001 0.289a ± 0.001 0.224b ± 0.0001 0.251ab ± 0.000 0.226b ± 0.001 0.289a ± 0.002 0.214b ± 0.000 

Rubidium (Rb) - 0.740a ± 0.01 0.683ab ± 0.021 0.644b ± 0.001 0.479c ± 0.003 - 0.176d ± 0.002 
Europium (Eu) 0.761a ± 0.001 0.741a ± 0.000 - 0.599b ± 0.001 0.630ab ± 0.003 0.0001c ± 0.000 - 

Titanium (Ti) - - 0.338b ± 0.008 - 0.293c ± 0.002 0.380a ± 0.004 0.266c ± 0.005 

Bromine (Br) 0.44a ± 0.0001 0.235c ± 0.000 0.292c ± 0.001 0.363b ± 0.001 0.317bc ± 0.002 0.268c ± 0.000 0.3bc ± 0.002 
Strontium (Sr) 0.206a ± 0.001 - 0.095b ± 0.004 - - - - 

Tin (Sn) 0.515a ± 0.0001 - - 0.368b ± 0.000 0.395b ± 0.001 0.545a ± 0.003 0.364b ± 0.005 

Gadolinium (Gd) - 1.32a ± 0.001 - - - - - 
Erbium (Er) - - - - - - 2.40a ± 0.01 

1D0: Basal diet plus control diet, D1: Basal diet plus 1% of black pepper, D2: Basal diet plus 1% of turmeric, D3: Basal diet plus 1% of fennel, D4: Basal diet 

plus 0.5% of black pepper plus 0.5% of turmeric, D5: Basal diet plus 0.5% of black pepper plus 0.5% of fennel, D6: Basal diet plus 0.5% of turmeric plus 

0.5% of fennel. abcdDifferent letters in the same row indicate significant differences at p < 0.05. 

 

Table 4. The effect of phytobiotics on the chemical composition of the edible portion of the hen eggs (yolk and albumen)   
                     Chemical composition 
 

Experimental groups1 

Moisture 

Content (%) 

Crude 

protein (%) 
Crude fat (%) Total ash (%) 

Carbohydrat

e (%) 

Energy 

(Kcal/100g) 

D0 74.12 ± 0.350b 13.54 ± 0.04a 13.18 ± 0.066a 0.82 ± 0.128b 0.87 ± 0.33b 186.59 ± 1.27c 
D1 75.79 ± 0.278a 13.16 ± 0.075a 13.38 ± 0.171a 1.26 ± 0.040a 0.85 ± 0.209b 195.65 ± 1.64a 

D2 74.95 ± 0.31b 12.35 ± 0.10b 13.28 ± 0.11a 0.89 ± 0.08b 0.93 ± 0.27a 189.12 ± 1.45bc 

D3 75.14 ± 0.060a 13.56 ± 0.068a 12.26 ± 0.075b 0.9 ± 0.044b 0.88 ± 0.048b 185.9 ± 0.801c 
D4 74.64 ± 0.225b 12.36 ± 0.136b 12.52 ± 0.111b 0.76 ± 0.051bc 0.94 ± 0.202a 190.1 ± 1.686b 

D5 75.50 ± 0.153a 12.5 ± 0.170b 12.42 ± 0.136b 0.88±0.116b 0.96 ± 0.224a 193.92 ± 1.07ab 

D6 76.42 ± 0.14a 13.80 ± 0.12a 12.73 ± 0.10b 0.88 ± 0.07b 0.89 ± 0.15b 193.30 ± 1.18ab 
D7 74.52 ± 0.11b 12.56 ± 0.08b 12.99 ± 0.06b 0.68 ± 0.05c 0.9 ± 0.04c 188.55 ± 0.93bc

 
1D0: Basal diet plus control diet, D1: Basal diet plus 1% of black pepper, D2: Basal diet plus 1% of turmeric, D3: Basal diet plus 1% of fennel, D4: Basal diet 

plus 0.5% of black pepper plus 0.5% of turmeric, D5: Basal diet plus 0.5% of black pepper plus 0.5% of fennel, D6: Basal diet plus 0.5% of turmeric plus 

0.5% of fennel. abcdDifferent letters in the same row indicate significant differences at p < 0.05. 
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Figure 3. Box-whisker plots of (macro elements) phosphorus (P), sulfur (S), chlorine (Cl), potassium (K), and calcium (Ca) 

content detected in hen eggs (week 30) with different experimental diets. D0: Basal diet plus control diet, D1: Basal diet plus 1% of 

Black pepper, D2: Basal diet plus 1% of turmeric, D3: Basal diet plus 1% of fennel; D4: Basal diet plus 0.5% of black pepper plus 0.5% of 

Turmeric, D5: Basal diet plus 0.5% of black pepper plus 0.5% of fennel, D6: Basal diet plus 0.5% of turmeric plus 0.5% of fennel. 
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CONCLUSION   

 

The results of the present study revealed that when 

phytobiotics were added to layer feed, they positively 

impacted the Gallus gallus laying performance and 

nutrient content of eggs. Layer chickens that received 

combined phytobiotics diet D4 (0.5% black pepper and 

0.5% turmeric), D5 (0.5% black pepper and 0.5% fennel), 

and D6 (0.5% turmeric and 0.5% fennel) had better egg 

quality than layers that did not consume phytobiotics. 

Therefore, Eos of black pepper, turmeric, and fennel could 

become ideal feed additives for layer chickens to elevate 

egg nutrient content. However, more study is required to 

determine the ideal phytobiotic concentration for 

layer chickens’ diets as a potential replacement for 

antibiotic growth promoters. 
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ABSTRACT 
Vitamin D is a fat-soluble vitamin that plays a crucial role in controlling Calcium and Phosphor homeostasis, 

bone mineralization, and modulation of immune responses. Vitamin C is a cofactor of enzymatic reactions 

with anti-inflammatory and antioxidant properties to prevent and repair damage to cells in the body from 

exposure to free radicals and the immune system. The current study aimed to investigate the effects of dietary 

supplementation of 25(OH)D3 with vitamin C at different doses on broiler breeders’ blood profile, egg quality, 

and hatchability. The adaptation process before collecting the data was 2 weeks. A total of 6200 females and 

620 male broiler breeders in the laying period aged 32-46 weeks were divided into 4 treatment groups with 5 

replicates (each peach contained 310 female and 31 male breeders). The treatments included control as T0 (0 

g/ton Nutricell HyC®), T1 (100 g/ton Nutricell HyC®), T2 (200 g/ton Nutricell HyC®), T3 (400 g/ton 

Nutricell HyC®) supplemented in feed. The observed variables were performance in breeding farms and 

hatcheries. The treatments with experimental doses indicated significant differences in the performance of 

broiler breeders, including feed intake, body weight, egg weight, egg mass, hen day production, hen house 

production, feed conversion ratio, and parameters of blood profile. The results showed a significant difference 

between the treatments and the control group in terms of hatch performance, clear eggs, exploding eggs, 

hatchability eggs, fertile eggs, salable chicks, and hatching of fertile eggs. However, no significant effects on 

fertility, culling of chicks, and embryonic mortality in the treatment groups were indicated. In conclusion, 

Nutricell HyC® with a dose of 400 g/ton in feed has indicated the best result in breeding farm and hatchery 

performance of broiler breeders in the laying period. 
 

Keywords: Blood profile, Broiler breeder, Calcidiol (25(OH)D3), Nutricell HyC®, Performance, Vitamin C 
 

 

INTRODUCTION 
 

Broiler breeder operations aim to optimize the hatchability 

rate as well as saleable chicks and high-quality chicks. The 

success of a hatchery depends on the number of high-

quality day-old chicks (DOC). Fertility and hatchability 

are the main factors that could affect the supply of DOC 

and are influenced by two factors, including breeder and 

hatchery management (Cobb, 2021). According to Lare et 

al. (2021), feed quality plays a vital role in broiler breeder 

performance, and it could affect egg quality, embryo 

growth, fertility, and egg hatchability.  

Egg yolk provides a nutrient supply for embryo 

development during incubation and is a secondary nutrient 

resource for DOCs (Romanoff, 1960; Dayan et al., 2020). 

Meanwhile, eggshells provide minerals and trace elements 

supply for embryo development and become a major 

contributor of calcium (Ca) to support the skeletal 

mineralization of the embryo during the second half of the 

incubation or development phase (Yair and Uni, 2011; 

Halgrain et al., 2022). One of the egg criteria related to the 

incubation process and time to hatch is the porosity of the 

eggshell, which affects the exchange of oxygen (O2), 

carbon dioxide (CO2), and dihydrogen monoxide (H2O) 

vapor in the shell (Narushin et al., 2002). The amount and 

size of the pores determine the eggshell quality. Eggshell 

thickness affects the activity of the embryo and the loss of 
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moisture conditions in the external environment of the egg 

(Bergoug et al., 2013). Extreme porosity and shell 

thickness have the potential to inhibit embryo 

development through pathogenic bacteria contamination or 

might be lethal to embryo development even with little 

contamination of pathogenic bacteria (Dzoma, 2010). 

Vitamin D has an important role in the absorption of 

Ca and phosphorus (P), regulation of parathyroid hormone 

(PTH), immune system, mineralization, bone mobilization, 

and control concentrations of Ca in the blood and muscles 

(Garcia et al., 2013). The Ca and P storage depends on the 

availability of minerals in the diet that affects bone 

development and mineralization (Regassa et al., 2015). 

The formation of eggshells and maintenance of plasma Ca 

levels in chickens depend on the availability and use of Ca 

in the diet and minerals in bone, especially the medullary 

bone of breeders (Kerschnitzki et al., 2014).  

The body response that is not specific and adaptive to 

any condition is a symptom of stress in chickens that is 

influenced by various factors, from external and internal 

pressure, such as climate change, transportation, as well as 

changes in drinking water and types of feed and infections 

(Etim et al., 2013). Stress conditions in chickens might 

activate the pituitary-adrenal axis and cause the secretion 

of adrenocorticotropin hormone (ACTH), which affects 

the blood homeostasis system (Scanes, 2016). The ratio of 

heterophile to lymphocytes (H/L) describes the body’s 

response to various stress conditions as a marker to assess 

poultry’s welfare and health status (Huth and Archer, 

2015).  

Vitamin C is a water-soluble vitamin synthesized by 

liver cells, functions as a cofactor for several enzymes, is 

an antioxidant, and can improve immune function (Abidin 

and Khatoon, 2013). Ascorbic acid is a powerful natural 

antioxidant that could reduce stressful conditions’ adverse 

effects and improve performance (Rao et al., 2011; 

Whitehead and Keller, 2019). Under normal conditions, 

poultry could synthesize AA in their liver cell to meet 

their needs, but if under stress conditions, supplementation 

in feed was required (Van Hieu et al., 2022). when 

chickens are under stress, supplementation of AA in the 

feed could improve health and oxidative status (Gouda et 

al., 2020). Fletcher et al. (2021) reported that intake of AA 

during stressful conditions could control many brain 

activities due to the increased production of 

neurotransmitters and norepinephrine. The purpose of this 

study was to evaluate the effect of combined 

supplementation of 25(OH)D3 with vitamin C in Nutricell 

HyC® products at different doses on broiler breeder 

performance, blood profile, egg quality, and hatchability. 

MATERIALS AND METHODS 

 

Formulation of experimental diets 

The experimental diets are formulated and 

presented in Table 1. 

 

Table 1. The analysis of experimental diets of broiler 

breeders Cobb strain aged 32-46 weeks  

 T0 T1 T2 T3 

Raw material (%)     

Yellow corn 45 45 45 45 

Wheat flour 15 15 15 15 

Soybean meal 16.6 16.6 16.6 16.6 

Rice bran 4 4 4 4 

Wheat pollard 2 2 2 2 

Full fat soya 5 5 5 5 

Salt 0.3 0.3 0.3 0.3 

Limestone grit 7.1 7.1 7.1 7.1 

Monodicalcium phosphate  2 2 2 2 

Vitamin E 

Choline chloride 

Vitalink 

Crude Palm Oil 

Methionine 

Lysine 

Threonine 

0.2 

0.5 

0.3 

0.2 

0.1 

0.2 

0.1 

0.2 

0.5 

0.3 

0.2 

0.1 

0.2 

0.1 

0.2 

0.5 

0.3 

0.2 

0.1 

0.2 

0.1 

0.2 

0.5 

0.3 

0.2 

0.1 

0.2 

0.1 

Calculation in formulation     

Metabolizable 

Energy (kcal/kg) 

Vitamin D3 (IU/g) 

Vitamin C (g) 

2835 

 

0 

0 

2835 

 

3750 

95 

2835 

 

4000 

190 

2835 

 

4500 

380 

Nutrition composition (%)   

Crude protein 16.54 16.88 16.46 16.37 

Ash 11.14 11.12 10.30 10.43 

Crude fat 6.05 5.92 5.83 5.79 

Crude fiber 3.42 3.48 3.63 3.54 

Moisture 11.01 10.98 10.90 11.20 

Starch 34.29 33.40 34.85 36.69 

Calcium 2.79 3.04 2.95 2.61 

Phosphor 0.41 0.44 0.46 0.42 

T0/Control: 0 g/ton Nutricell HyC®; T1:100 g/ton Nutricell HyC®; 

T2:200 g/ton Nutricell HyC®; T3:400 g/ton Nutricell HyC® 

 

Ethical approval 

The study was conducted under the supervision of the 

animal health manager in PT Peternakan Ayam Manggis, 

Indonesia. Following the SOP and Guidelines of Cobb, so 

no need the ethical approval. 

 

Experimental design  

The study was carried out from July to October 2021 

in a broiler breeder farm and hatchery of PT Peternakan 

Ayam Manggis in Tenjo Ayu, Sukabumi, West Java, 

Indonesia. Feed was produced at the feed mill PT Megah 
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Prayasa Sentosa, Cikupa, Tangerang, Banten, Indonesia. 

The DOCs were purchased from the hatchery PT Hybro 

Indonesia, Cianjur, Indonesia. The study was conducted 

using 6200 female broiler breeders Cobb strain aged 32-46 

weeks. The chickens were distributed randomly into 20 

pens (310 female and 31 male broiler breeders were 

added). The trial feed adaptation period was performed in 

two weeks. The treatments included basal diet without 

Nutricell HyC® supplementation as control (T0), basal 

diet with 100 g/ton (T1), 200 g/ton (T2), 400 g/ton (T3) of 

Nutricell HyC®. Each treatment consisted of five 

replication (Cobb, 2021). Nutricell HyC
® 

contains a 

combination of 25(OH)D3 and vitamin C to improve 

broiler breeder performance. 

Trial feed was produced by mixing Nutricell HyC
® 

supplied by PT Nutricell Pasific with soybean meal in a 

premix mixer. Mixed additives were then transferred into 

the main mixer to be mixed with the whole formulation, 

then pelleted and crumbled under feed mill standard 

operation. The formulation included HyD 62.500 µg, 

vitamin C 950.000 mg, and filler.  

The cages used were openside with size 8 x 9 (m), 

lined with fibrocement tiles, had a concrete floor with rice 

husk litter, and were equipped with polypropylene side 

curtains, feeder tubs for females and tube feeders for 

males, and nipple drinking holder. Drinking water was 

given ad libitum and fed once daily at 05.45 am. The light 

was supplied by natural light from the sun and artificial 

light by lamps for 17 hours from 03 pm until 08 am with 

lux 15. The ambient temperature was around 25-29°C, and 

relative humidity was around 72-75%. 

Blood profile analyses were conducted at IPB 

University Bogor, Indonesia, and proximate analysis was 

conducted at PT Nutricell Pasific, Jakarta, Indonesia. 

 

Production performance  

Eggs were collected four times a day, and the number 

of released and rejected eggs from each pen was recorded 

every day until the end of the experiment. Random 

sampling was performed weekly for each cage to monitor 

the body weight (BW) of broiler breeders. Briefly, BW of 

broiler breeder in the laying period was evaluated twice a 

week to determine the broiler breeder restricted feeding 

based on its BW relative to its target BW. Broiler breeder 

performance parameters, such as egg mass, feed 

conversion ratio (FCR), hen day production (HDP), and 

hen house production (HHP) were calculated as follows: 

 

Egg mass (g) = HDP (%) x Average egg weight (g) 

                                                                                     (Formula 1) 

 

FCR (per g egg mass) =
Feed intake (g)

Egg production (g)
                   (Formula 2) 

  

HDP (%) =
Number of egg produced during the period

Number of hens at the early egg produced
 x 100 

(Formula 3) 

 

HHP (%) =
Number of egg produced during the period

Number of hens at the early egg produced
 x 100 

(Formula 4) 

 

Incubation responses 

The hatching process lasted for 21 days, where the 

incubation process was 18 days in the setter machine and 3 

days hatching in the hatcher machine. Eggs were collected 

3-4 times daily and transferred to the hatchery when 

graded a satisfactory quality. In the hatchery, eggs were 

classified into two groups, namely indubitable and non-

indubitable. The indubitable eggs were fumigated at 25°C 

with 70% humidity for 15 minutes. After that, they were 

stored in an environmentally controlled room (18-21°C 

and 60-70% relative humidity) for a maximum period of 5 

days. Indubitable eggs were transferred into a pre-heating 

room for 8-12 hours at a temperature of 25-26°C before 

being transferred into the setter machine. The non-

indubitable eggs, such as cracked, shell-less, double yolk, 

abnormally shaped, were recorded and separated. 

A total of 9900 eggs from broiler breeders within the 

age range of 34 to 46 weeks were set for incubation twice 

a week. The eggs were set with the same temperature, 

humidity, and turning conditions in the setter machine. 

The temperature was 37.5°C, relative humidity was 83%, 

and turning occurred automatically every hour at a 90° 

angle. After ten days of incubation, several eggs from each 

treatment were candled to determine fertility and 

embryonic mortality. The unclear eggs were returned to 

the setter machine to follow incubation. Clear eggs were 

separated and recorded. A random sampling of each 

treatment (< 7 days) was done to determine early embryo 

mortality and infertility. The candling process was carried 

out after 18 days of incubation to determine clear eggs and 

unclear eggs. The clear eggs were then separated and 

recorded. The unclear eggs detected during the candling 

process were then transferred to the hatch basket and kept 

in the hatchery machine at a temperature of 36.5°C and 

relative humidity of 85% until 21 days of incubation.  

To determine percentages of early embryo mortality 

(1-7 days), middle embryo mortality (8-14 days), and late 

embryo mortality (15-21 days), the eggs which could not 

be hatched were sampled. The clear eggs were assumed 
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infertile, and the rest were recorded separately as fertile 

eggs with the early dead embryo and dead embryonic 

eggs. 

Fertility data were collected, and fertility percentage 

was obtained from the number of fertile eggs to the 

number of eggs set in the incubator and was calculated as 

Formula 5. 

Fertile eggs (%) =
Number of fertile eggs

Number of eggs incubated
x100 

(Formula 5) 

After 21 days of incubation, DOCs were pulled out 

from the incubator and visually selected according to 

commercial hatchery standards. Abnormal DOCs, 

including missing eyes, legs with cuts, splayed legs, cross 

beak, and poor feathering, as well as chicks that could not 

flip over in less than 10 seconds, were counted as culling 

chicks and separated according to the Cobb hatchery 

management guide (Cobb, 2021). All unhatched eggs were 

subjected to random sampling to predict estimated days of 

embryo mortality.  

Hatchability data were collected, and hatchability 

percentage was obtained from the number of hatched eggs 

to the number of eggs set in the incubator and was 

calculated as Formula 7. 

Hatchability (%) =
Number of chick hatched

Number of eggs incubated
x100 

(Formula 6) 

The percentage of the hatch of fertile is an indicator of 

the effectiveness of the hatchery. The calculation method 

is indicated in Formula 7. 

Hatch of fertile (%) =
Percentage of hatchability

Percentage of fertile
x100 

(Formula 7) 

The embryo mortality was observed and divided into 

three groups, namely early embryo mortality (1-7 days), 

middle embryo mortality (8-14 days), and late embryo 

mortality (15-21 days) incubation. The calculation of the 

percentage of embryonic mortality is indicated in Formula 

8. 

Embryonic mortality (%) =
Number of embryo mortality

Number of fertile eggs
𝑥100 

(Formula 8) 

 

Hematology determination 

The process of taking blood samples was carried out 

on broiler breeders aged 45 weeks on the underside of the 

wings. The blood sample was taken using a syringe of as 

much as 2 ml and put in an anticoagulant tube. The 

collecting blood sample was at 06.00 am, and the 

anticoagulant tube was included in the ice flask, after 

finished direct sent to the laboratory of Bogor Agriculture 

University (IPB), Bogor, Indonesia. For analysis of Ca and 

P, blood plasma was separated in a tube containing fresh 

blood spiked with anticoagulant substances. Centrifuged 

until the red blood cells fell to the bottom of the tube, the 

white blood cells were on top and formed a layer of buffy 

coat, and the blood plasma was on top of the layer 

yellowish. Hematological analysis of blood consisted of 

the hemoglobin, hematocrit, leukocyte, erythrocyte, 

eosinophil, basophil, monocyte, heterophile, lymphocyte, 

Ca, and P. 

The erythrocyte measurement method used was 

microvisual. Accordingly, the blood was diluted in an 

erythrocyte pipette with an isotonic solution, then put into 

the counting chamber. The number of erythrocytes was 

calculated in a certain volume using a conversion factor. 

The leukocyte measurement was the same with 

erythrocyte, and differential white blood cell (WBC) 

counts were made on monolayer blood films, fixed and 

stained with erythrocyteGiemsa-Wright’s stain. The total 

WBC count was determined by a manual method using a 

hemacytometer. The method used to measure hemoglobin 

was Sahli’s method (Van Lerberghe et al., 1983). 

According to Sahli’s method, hemoglobin was converted 

into acid hematin with the help of 0.1 N HCL solution 

then the resulting color was compared visually with the 

standard color. The tool used is Sahli’s hemoglobinometer. 

The method used to measure hematocrit was a microtube. 

Therefore, when the blood was centrifuged, heavier cells 

(erythrocytes) fell to the bottom of the tube, while the 

lighter cells (leukocytes and platelets) were above the 

heavier cells. The tool used in this method was a 

microcapillary tube with heparin and a microhematocrit 

centrifuge (Sastradipradja et al., 1989).  

 

 Statistical analysis 

The IBM statistical SPSS version 26 was used for 

data analysis. The observed data showed as mean ± 

standard deviation in the table. One-way analysis of 

variance (ANOVA) was used to analyze the data. The 

differences among treatments at a significant level of (p < 

0.05) followed by the Tukey test. All percentage data were 

perform as quadratic transformation for statistical analysis. 

 

RESULTS AND DISCUSSION 

 

Broiler breeder performance fed Nutricell HyC
® 

are shown 

in Table 2. Supplementation of Nutricell HyC
®

 at various 

levels (T1-T3) significantly decreased feed intake of 

broiler breeder in comparison to control group (p < 0.05, 
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Table 2). With regard to body weight, egg weight, egg 

mass, HDP and HHP, only T3 was significantly higher 

than that of T0 (p < 0.05). Similarly, T3 decreased FCR of 

the broiler breeders significantly as compared to T0 (p < 

0.05). Meanwhile, a non-significant effect was observed 

on the parameter of broiler breeder depletion. It could be 

seen that the BW of broiler breeders is still within the 

standard range, and they were not overweight. The older 

brooders need to reduce their feed intake to minimize 

reproductive problems during the egg-laying phase; 

therefore, it is necessary to limit feed because body weight 

gain in broiler breeders must be limited throughout 

production (Richards et al., 2010). Fritts and Waldroup 

(2003) observed that male broiler strain cobb fed 

25(OH)D3 could better support body weight gain than 

vitamin D3. The supplementation of Nutricell HyC
®
 

increased the egg weight, compared to control feed, but all 

treatments showed egg weight in the range required for 

hatching. Standard egg weight at the age of 34-46 weeks 

was 60.7-66.5 g. According to Ummer-Franco et al. 

(2010), egg weight was not affected by fertility, early and 

middle embryo death, culling of chicks, feed intake, or 

FCR. Wang et al. (2020) indicated that 25(OH)D3 

increased the relative weight and thickness of the 

eggshells. The corticosterone hormone increases energy 

supply when chickens experience stress, where vitamin C 

has a vital role in the biosynthesis of this hormone (Siegel 

and Kampen, 1984). Heat stress conditions at various 

levels significantly affect egg production, egg weight, 

eggshell quality, weight gain, and mortality (Lin et al., 

2006). The supplementation of Nutricell HyC
® 

in this 

study might increase feed efficiency. According to Araujo 

et al. (2019), supplementary feed canthaxanthin + 

25(OH)D3 increased egg production and FCR but did not 

affect feed intake. 

 

Table 2. Effect of Nutricell HyC
® 

supplementation supplementation added in feed on broiler breeder performance at the age of 

34-46 weeks 

                                           Treatments  

Production Performance 
T0 (control) T1 T2 T3 p-value 

Feed intake (g/day) 159.07 ± 0.04b 158.96 ± 0.04a 158.90 ± 0.07a 158.93 ± 0.02a 0.001 

Body weight (g) 3727.45 ± 4.81a 3729.37 ± 4.82ab 3734.26 ± 4.12ab 3736.34 ± 4.03b 0.021 

Egg weight (g) 65.63 ± 0.53a 65.89 ± 0.33ab 66.03 ± 0.37ab 66.58 ± 0.24b 0.009 

Egg mass (g) 49.35 ± 0.91a 49.62 ± 0.41a 50.13 ± 0.35ab 50.81 ± 0.44b 0.005 

HDP1 (%) 75.18 ± 0.86a 75.31 ± 0.53ab 75.92 ± 0.24ab 76.31 ± 0.56b 0.026 

HHP1 (%) 71.85 ± 0.82a 71.96 ± 0.50a 72.65 ± 0.23ab 73.02 ± 0.54b 0.013 

Depletion1 (%) 0.28 ± 0.02 0.25 ± 0.04 0.25 ± 0.02 0.23 ± 0.03 0.065 

FCR  3.23 ± 0.07b 3.21 ± 0.02ab 3.17 ± 0.07ab 3.14 ± 0.03a 0.012 
1: The data were performed as quadratic transformation; a,b; Value in the same row with different superscript letters significantly differ (p < 0.05). T0/Control: 

0 g/ton Nutricell HyC®; T1:100 g/ton Nutricell HyC®; T2:200 g/ton Nutricell HyC®; T3:400 g/ton Nutricell HyC® ; HDP: Hen day production, HHP: Hen 

house production; FCR: Feed conversion ratio. 

 

Table 3. Effect of Nutricell HyC
® 

supplementation in feed on broiler breeder eggshell porosity at the age of 34-46 weeks
1 

                                    Treatments  

Eggshell porosity  
T0 (control) T1 T2 T3 p-value 

Score 1 (%) 0 0 0.22 ± 0.31 0.11 ± 0.25 0.261 

Score 2 (%) 0.11 ± 0.25a 1.56 ± 0.82b 4.22 ± 1.45c 6.22 ± 2.16c <0.001 

Score 3 (%) 8.11 ± 3.01a 22.22 ± 4.76b 34.00 ± 3.08c 40.11 ± 3.25c <0.001 

Score 4 (%)  91.78 ± 2.87d 76.11 ± 5.42c 61.55 ± 4.55b 53.56 ± 3.82a <0.001 
1: All data were performed as quadratic transformation. a,b,c; Value in the same row with different superscripts letters a significantly differ (p < 0.05); 

T0/Control: 0 g/ton Nutricell HyC®; T1: 100 g/ton Nutricell HyC®; T2: 200 g/ton Nutricell HyC®; T3: 400 g/ton Nutricell HyC®; Score 1 : Excellent eggshell 

quality; Score 2: Good eggshell quality; Score 3: Average eggshell quality; Score 4: Poor eggshell quality.  

 

The Nutricell HyC
® 

supplementation in broiler breeder 

diet generally demonstrated an improvement in the 

eggshell quality (Table 3). The supplementation of 

Nutricell HyC
®
 could significantly decreased the poor 

eggshell quality (score 4), increased the average eggshell 

quality (score 3), and also enhanced the good eggshell 

quality (score 2) compared to control group (p < 0.05). 

However, Nutricell HyC
® 

supplementation did not cause a 

significant effect on the excellet eggshell quality (score 1, 

p > 0.05). The combination of 25(OH)D3 with vitamin C 

contained in Nutricell HyC
® 

might increase Ca and P 

absorption in the small intestine and Ca deposition at 
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bones which played a role in the formation of CaCO3, 

during the formation of the eggshell inside the uterus 

which lasts for 20 to 21 hours (Fritts and Waldroup, 2003). 

Calcium and P intake could not decrease eggshell quality, 

ascorbic acid availability also play an important role in the 

regulation of Ca metabolism, and eggshell formation, 

which is required for the conversion of 25(OH)D3 to 

1.25(OH)2D3 was limited (Bains, 1995; Lohakare et al., 

2005). Nutricell HyC® contains vitamin C formed as 

sodium ascorbate, which is very important for 

synthesizing the eggshell’s organic matrix. The calcified 

eggshell play as a barrier of eggs and embryos against 

physical damage and contamination from pathogenic 

bacteria. The eggshell serves as a Ca resource in embryo 

development and the exchange of water and gases between 

the embryo and environment during extra-uterine 

development through the eggshell structure (Nys et al., 

2004). Saunders-Blades and Korver (2014) mentioned 

Vitamin D3 is very important for the absorption of Ca and 

P from the intestine during eggshell formation. Although 

Ca be absorbed passively from the intestine, vitamin D3 

allows chickens to absorb Ca in sufficient quantities to 

maintain eggshell formation and normal medullary bone 

reserves. Wang et al. (2020) observed that 

supplementation of 25(OH)D3 in a laying hen diet 

increased serum 25(OH)D3, the content of carbonic 

anhydrase (CA) serum, which is an enzyme that plays a 

major role in the deposition of calcium carbonate in 

eggshell formation. Supplementation of vitamins C and E 

in feed can prevent the deterioration of eggshell quality 

and reduce the effects of stress due to high environmental 

temperatures in broiler breeders (Chung et al., 2005).

 

Table 4. Effect of Nutricell HyC
® 

supplementation in feed on performance hatchability of broiler breeders at the ages of 34-46 

weeks
1 

                                           Treatments  

Performance 
T0 (control) T1 T2 T3 p-value 

Clear eggs (%) 4.07 ± 0.11c 3.87 ± 0.12ab 3.92 ± 0.06bc 3.72 ± 0.12a 0.001 

Exploding eggs (%) 0.49 ± 0.05c 0.42 ± 0.02b 0.29 ± 0.03a 0.28 ± 0.02a <0.001 

Dis eggs (%) 4.82 ± 0.05b 4.72 ± 0.16ab 4.81 ± 0.11b 4.54 ± 0.18a 0.014 

Hatchability eggs (%) 90.62 ± 0.13a 90.99 ± 0.12b 90.97 ± 0.16b 91.46 ± 0.11c <0.001 

Fertile eggs (%) 95.48 ± 0.11a 95.79 ± 0.13b 95.81 ± 0.07b 96.01 ± 0.12c <0.001 

Infertile egss (%) 1.62 ± 0.54 1.29 ± 0.16 1.49 ± 0.16 1.27 ± 0.37 0.353 

Culling chicks (%) 0.55 ± 0.07 0.58 ± 0.10 0.57 ± 0.10 0.48 ± 0.05 0.236 

Chicksalable (%) 90.13 ± 0.15a 90.51 ± 0.26ab 90.41 ± 0.2b 91.03 ± 0.16c <0.001 

Hatching of fertile eggs (%) 94.91 ± 0.08a 94.99 ± 0.16a 94.96 ± 0.12a 95.27 ± 0.18b 0.005 

Early embryo mortality (%) 2.22 ± 0.48 1.76 ± 0.22 2.22 ± 0.39 1.88 ± 0.46 0.200 

Intermediate embryo mortality (%) 0.55 ± 0.24 0.68 ± 0.28 0.56 ± 0.33 0.60 ± 0.35 0.902 

Late embryo mortality (%) 3.15 ± 0.82 3.22 ± 0.64 4.12 ± 0.43 2.98 ± 0.70 0.063 
1: All data were performed as quadratic transformation. a,b,c; Value in the same row with different superscripts letters a significantly differ (p < 0.05); 

T0/Control: 0 g/ton Nutricell HyC®; T1: 100 g/ton Nutricell HyC®; T2:200 g/ton Nutricell HyC®; T3:400 g/ton Nutricell HyC® 

 

The treatments (T1, T2, and T3) showed higher (p < 

0.01) hatchability, fertile eggs, hatching fertile, 

chicksalable, and reduce clear eggs, exploding eggs, and 

dis eggs compared with T0 (p < 0.05). However, Nutricell 

HyC
® 

supplementation had no significant effect on 

infertile, culling chicks, early, intermediate, and late 

embryonic death (p > 0.05). The supplementation with 

Nutricell HyC
®
,
 
which contains 25(OH)D3 could repair 

the quality of eggshell pores so the rate of O2 and CO2 

transport during the incubation period becomes better, 

which might reduce clear eggs, exploding eggs and dis 

eggs (Akbari Moghaddam et al., 2019). Coto et al. (2010) 

and Saunders-Blades and Korver (2015) observed an 

improvement in eggshell thickness and hatchability of 

fertile eggs fed 25(OH)D3 supplementation. The result of 

the present study showed a significant difference in 

increasing hatchability of eggs, fertile eggs, chick salable, 

and hatching of fertile eggs (p < 0.05). Dietary 

supplementation of Nutricell HyC
® 

contains 25(OH)D3, 

metabolically active vitamin D3, which does not need to 

be hydroxylated in the liver. Then, it enters into the 

bloodstream and bounds to Vitamin D protein (BDP), and 

undergoes hydroxylation in kidneys, epithelial cells, and 

immune cells are converted into 1,25 (OH)2D3 (calcitriol), 

which works like a hormone (Pande et al., 2015). 

According to Brown et al. (1999) and Brandi (2008), 

active metabolite synergizes with parathyroid hormone 

(PTH) to increase intestinal Ca absorption and Ca 

deposition in bone, decreases Ca excretion in the excreta 

and maintain bone homeostasis, cell differentiation and 
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proliferation, central nervous system, and modulates 

immune response so that it can influence on hatchability, 

eggshell thickness, bone structure, and DOC immunity. 

Vitamin C affects many tissues because of its primary 

function as an important component of collagen synthesis 

and an antioxidant. Ascorbit acid is involved in the 

synthesis of collagen by influencing the function of prolyl 

hydroxylase domain (PHD) protein as an antioxidant and 

important cofactor for catalyzing many biochemical 

reactions (Aghajanian et al., 2015). In bone formation, 

Vitamin C increases the production of hydroxyproline, 

which is required for collagen synthesis. A network of 

collagen fibrils is necessary for proper bone and eggshell 

formation Lohakare et al. (2005). Vitamin D3 

supplementation in the form of 25(OH)D3 metabolism 

involved in Ca and P metabolism could increase bone 

growth, egg-laying rate, shell quality, and reproduction 

(Torres et al., 2009; Rosa et al., 2012). Feeds 

supplemented with canthaxanthin + 25(OH)D3 showed an 

increase in hatchability, hatchability of fertile and 

decreased early embryo death (Araujo et al., 2019). 

However, the current study showed that the results were 

not significantly different (p > 0.05) for infertile eggs, 

culling chicks, and early, intermediate, and late embryo 

mortality. 

 

Table 5. Effect of Nutricell HyC
® 

supplementation in feed on broiler breeder blood profile in laying period (32-46 weeks of 

age) 

                                           Treatments  

Performance 
T0 (control) T1 T2 T3 p-value 

Hemoglobin (g/dl) 11.76 ± 1.01ab 10.71 ± 0.45a 10.64 ± 1.05a 12.08 ± 0.76b 0.035 

Hematocrit1 (%) 30.00 ± 2.83 30.20 ± 1.92 30.00 ± 3.32 33.00 ± 1.87 0.218 

Leukocyte1 (x 103/mm3) 23.10 ± 4.76 23.78 ± 2.70 20.60 ± 3.12 22.04 ± 3.88 0.607 

Erythrocyte (x 106/mm3) 2.35 ± 0.59 2.25 ± 0.78 2.72 ± 0.95 2.37 ± 0.60 0.765 

Eosinophil1 (%) 4.79 ± 1.17 5.62 ± 2.90 8.14 ± 2.51 6.52 ± 3.54 0.268 

Basophil1 (%) 3,83 ± 1,89 3.39 ± 1.03 5.29 ± 1.45 3.55 ± 1.07 0.167 

Monocyte1 (%) 1.84 ± 0.77 1.13 ± 0.41 2.45 ± 1.50 2.03 ± 1.15 0.280 

Heterophile1 (%) 34.39 ± 6.52 38.59 ± 3.66 35.89 ± 4.22 38.64 ± 3.43 0.406 

Lymfocyte1 (%) 55.16 ± 4.58 51.28 ± 3.75 48.23 ± 2.49 49.25 ± 5.33 0.081 

Heterophil/Lymphocyte1 (%) 0.69 ± 0.17 0.77 ± 0.13 0.79 ± 0.14 0.69 ± 0.081 0.500 

Calcium (mg/dl) 10.76 ± 1.48 9.88 ± 0.83 10.89 ± 0.11 9.78 ± 0.97 0.197 

Phosphor (mg/dl) 6.53 ± 1.80 4.56 ± 0.67 5.50 ± 0.46 5.43 ± 1.49 0.138 
1: Data were performed as quadratic transformation. a,b,c; Value in the same row with different superscripts letters a significantly differ (p < 0.05); T0/Control: 

0 g/ton Nutricell HyC®; T1: 100 g/ton Nutricell HyC®; T2:200 g/ton Nutricell HyC®; T3:400 g/ton Nutricell HyC® 

 

Table 5 showed that Nutricell HyC
®
 supplementation 

had no significant effect on most of blood parameters (p > 

0.05). However, the amount of hemoglobin for T3 was 

significantly higher than that of T1 and T2 (p < 0.05). In 

this research, the hemoglobin levels among treatments 

ranged from 10.64 g/dl to 12.08 g/dl, where the 

hemoglobin level was still within normal limits. 

According to Weiss et al. (2010), the amount of 

hemoglobin in chickens (gallus domesticus) ranged from 7 

to 13 g/dl. This is similar to the research conducted by 

Roy and Mishra (2011) examining the effects of antistress 

agents on broiler breeders. The findings indicated that 

hemoglobin levels in different groups ranged from 9 to 

10.13 g/dl. 

The findings of the current study showed the ratio of 

heterophile/lymphocyte (H/L) in broiler breeders ranged 

from 0.69% to 0.79%, indicating that the levels were still 

normal. Hachesoo et al. (2011) reported that H/L ratio of 

indigenous broiler breeders was 0.70 %, and H/L ratio of 

Ross-308 was 0.71%. According to Gross and Siegeh 

(1983), the level of stressors in poultry could be indicated 

by the ratio of Heterophils/Lymphosytes, about 0.2% (low 

level), 0.5% (normal level), and 0.8% (high level) to 

environmental adaptation. Therefore, it can be concluded 

that the levels of blood parameters were in normal ranges 

and H/L ratio of broiler breeders in the production phase 

obtained in this research can be interpreted as appropriate 

health and immune status. This shows that the 

supplementation of Nutricell HyC
®
 with different levels 

can maintain the H/L ratio of broiler breeders in the 

production phase in the normal range. Table 5 shows that 

the supplementation of Nutricell HyC
®
 in the feed has no 

significant difference in Ca and P levels of the broiler 

breeders’ blood plasma (p > 0.05). In this research, blood 

plasma Ca levels ranged from 9.78 to 10.76 mg/dl, and P 

levels in blood plasma ranged from 4.56 to 6.53 mg/dl. 
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The results of the present study are in the same line with 

the findings of Hachesoo et al. (2011), who reported Ca 

and P levels in the blood plasma of indigenous chickens 

were 9.36 mg/dl and 4.23 mg/dl, respectively, while Ca 

and P levels for Ross-308 chickens were 9.28 mg/dl and 

4.44 mg/dl, respectively. 

 

CONCLUSION 

 

In conclusion, the obtained results of the current study 

indicated that Nutricell HyC
®

 supplementation with doses 

of 400 g/ton (T3) gave the best results in increasing egg 

production, eggshell porosity, hatchability, and immunity 

of broiler breeders aged 34-46 weeks. Future studies can 

investigate the effect of supplementation of Vitamin D3 

more than 4500 IU/g on broiler breeder performance. 
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ABSTRACT 
Heavy metals are a group of elements that could be found in poultry feeds and influence poultry production. 

Poultry feed generally consists of agricultural products, such as maize, groundnuts, and wheat, which may also 

be contaminated by mycotoxins. The use of mycotoxins and heavy metals contaminated feed in the poultry 

sector might represent a potential source of cross-contamination for humans. This study aimed to analyze total 

aflatoxins (AFs), aflatoxin B1 (AFB1), ochratoxin A (OTA), chromium, copper, nickel, zinc, arsenic, cadmium, 

lead, and mercury in poultry feed from the Centre, Littoral, and Western regions of Cameroon. In this order, 

six local broiler feeds, six local layer feeds, and three imported layer feeds were randomly collected from each 

region and analyzed using inductively coupled plasma spectrometry for heavy metals and competitive indirect 

ELISA for mycotoxins. The results indicated that all feed samples contained the analyzed mycotoxins and 

heavy metals. The ranges for the mean concentrations of mycotoxins were 3.5-19.7, 2.7-19.3, 0.8-1.1 µg/kg 

for AFs, AFB1, and OTA, respectively. They were globally below the established regulated limits (20 µg/kg 

for AFs, 10 µg/kg for AFB1 and 5 µg/kg for OTA). The bulk layer feed from the Littoral region had the 

highest lead (995.8 ± 0.4 µg/kg) and cadmium (3.3 ± 0.0 µg/kg) concentrations. The average concentration of 

lead was above the permissible limit (10 µg/kg). Bulk broiler feed from the Littoral region scored the highest 

concentration of arsenic (2819.4 ± 0.1 µg/kg) above the permissible limit (500 µg/kg). Bulk broiler feed from 

the Centre region showed the highest concentration of mercury (5.6 ± 0.0 µg/kg) although lower than the 

permissible limit of 100 µg/kg. This study demonstrates that there are potential safety issues associated to 

poultry feeds used in some regions of Cameroon. It suggests a possible low productivity of poultry and health 

issues for consumers. 
 

Keywords: Aflatoxin, feed, Contamination, Heavy metals, Ochratoxin A, Poultry  

 

 

INTRODUCTION 
 

The poultry sector is known as an important source of 

protein and other useful nutrients for human nutrition and 

health in Cameroon (Guetiya Wadoum et al., 2016).  

Chickens are easy to rear (Paryad and Mahmoudi, 2008), 

available at low prices, and known as food for billions of 

people, including those who live in low-middle-income 

countries (Aral et al., 2013), such as Cameroon. Poultry 

production represents 42% of meat production. In 

Cameroon, chicken meat and eggs consumption increased 

from 2.2 kg to 5.6 kg and 16 to 52 eggs between 2006 and 

2016, respectively. In addition, poultry represents 4% of 

the gross domestic product (Höffler, 2018).  Poultry feeds 

are generally a mixture of agricultural products, such as 

maize, groundnuts, and wheat, which may be 

contaminated by mycotoxins and heavy metals (Abia et 

al., 2013a, Akinmusire et al., 2018). The use of such 

contaminated feed in the poultry sector may result in 

poultry productivity and in a source of human 

contamination. It is recommended to initially analyze the 

different contaminants found in these feeds to limit the 
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risks of feed quality on the poultry productivity directly 

and indirectly on human health. However, studies on 

poultry feed contamination are scarce, and it refers to 

2013 in Cameroon. Mycotoxins are secondary metabolites 

produced by three genera (Aspergillus, Penicillium, and 

Fusarium) of fungi which can produce more than 500 

toxins. Among these mycotoxins, Aflatoxins and 

Ochratoxin A (OTA), exhibit pathogenic characteristics 

(Becer and Filazi, 2010; Kaya, 2014). Toxic heavy metals 

are mineral elements with a specific weight greater than 

5g/cm
3 

(Demirezen and Uruc, 2006). These mineral 

elements are a serious concern due to their impacts 

(toxicity, bioaccumulation, and biomagnifications) in the 

food chain (Demirezen and Uruc, 2006; Hazrat et al., 

2019). Considering the fact that contamination of poultry 

feed by contaminants, such as mycotoxins and toxic 

metals, cannot be entirely avoided due to favorable 

climatic conditions for their development (Tatfo 

Keutchatang et al., 2021) and the availability of pollutants 

in the environment, there is a need for such contamination 

to be minimized, and to reduce theirs side effects on 

animal and human by one health approach (WHO, 2017). 

This study was initiated to enrich the data already 

available on the contamination of poultry feed by 

mycotoxins and heavy metals in Cameroon. It aimed to 

analyze mycotoxins (total aflatoxins, aflatoxin B1, and 

OTA) as well as eight heavy metals in poultry feeds 

collected in the Centre, Littoral, and West regions using 

enzyme-linked immunosorbent assay (ELISA) and 

inductively coupled plasma spectrometry (ICP- OES), 

respectively.  

 

MATERIALS AND METHODS 

 

Study area  

The current study was conducted on poultry farms 

located in three regions of Cameroon: Centre, Littoral, 

and West. These regions are the large areas of production 

and consumption of chickens and eggs (Teleu and 

Ngatchou, 2006). The study was conducted from January 

to December 2019.  

 

Sampling design 

A total number of 15 samples of chicken feed, 

constituted of 6 local broiler feed (2 per region), 6 local 

layer feed (2 per region), and 3 imported layer feed (1 per 

region) eaten by broiler and layer chickens were collected 

from poultry farms. Local feed samples were collected 

from layer and broiler farms, while imported layer feeds 

were collected from imported feed outlets. Indeed, a 

preliminary study reported the classification of chicken 

farms in these three regions into two groups (moderate 

and high risk of biosecurity) according to biosecurity 

score (Tatfo Keutchatang et al., 2021). Feed sampling was 

done as described by the European Commission (2006) 

Directive No. 401/2006 (EC, 2006). In each selected farm 

or outlet, 4 kg of feed was sampled. Different points of 

four randomly selected feeds (50 Kg bags) from those 

available were duplicated. A total of four bags randomly 

selected for feed sampling were chosen from the same 

strip to reduce variability and ensure the effective 

representativeness of the strip. Each sub-sample of 1 kg 

consisted of three portions of 300 to 350 g. The sub-

samples were collected manually using a probe at three 

points top, middle, and bottom of feed bags. The feeds 

taken from each point were homogenized in bags, and 1/4 

of each was collected to provide 15 representative 

samples as 4 feed samples in the Centre, 4 in the Littoral, 

4 in the West, and 3 outlets. The samples were 

conditioned in polystyrene bags and transported to the 

laboratory for quality control at the Centre for Food and 

Nutrition Research of the IMPM, Yaoundé, Cameroon, 

where the feed samples were ground with a blender (Black 

& Decker®, England), weighed in several aliquots of 5g 

using a scale (Mettler Toledo, USA), and stored in 

sterile plastic bags at -20°C for analysis. The samples 

were kept in the laboratory for a maximum of 7 days.  

 

Sample preparation and analysis 

Water content of different samples 

Water content was determined using the reference 

methods of the Association of Official Analytical 

Chemists (AOAC, 2000) for bulk chicken feeds. An 

amount of 5 g of each sample in triplicate was dried at 

105°C (Rolabo, Germany) until constant weight in an 

aluminum foil previously dried and weighed the dried 

samples were cooled in a desiccator (Borosilicate Glass 

3.3, Indane Chemical Company, Borivali, Mumbai, 

Maharashtra) for 30 minutes and reweighed. The water 

content of each sample was determined by calculating the 

differences between the masses of the fresh and dried 

samples (AOAC, 2000).  

Determination of mycotoxin content 

Total Aflatoxins (AFs), Aflatoxin B1 (AFB1), and 

OTA concentrations in the samples were determined 

using quantitative enzyme-linked immune sorbent assay 

kits (ELISA, BIOO Scientific Corporation, MaxSignal®, 

USA). Samples containing 2 g of ground bulk chicken 

feed were mixed with 25 mL of 70% methanol (HPLC 

grade, Merck, Germany) in 50 mL falcon tubes for 10 
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minutes using a vortex, centrifuged at 4000 × g for 10 

minutes using the Rotofix 32 A, centrifuge (Germany). 

Then, 100 µL of the supernatant was collected and diluted 

with 700 µL 70% methanol (HPLC grade, Merck, 

Germany). The mixture was used for total AFs, AFB1, 

and OTA analyses following the kit manufacturer’s 

instructions and as described by Tatfo Keutchatang et al. 

(2022). The concentrations of determined mycotoxins 

were inversely proportional to the color intensity 

established using an automated microplate reader (EL × 

800, BIOTEK, Instruments Inc., Winooski, VT, United 

States) at 450 nm and estimated based on a calibration 

curve.  

 

Determination of heavy metal content 

Sample preparation 

The dried samples were cooled in a desiccator for 30 

minutes and reweighed. The different bulk samples were 

dried and ground with a blender (Black & Decker®, 

England), then weighed in several aliquots of 500 mg by 

using a scale (Mettler Tolero, USA). Then, 500 mg of 

each powder bulk sample and 50 mL of nitric acid were 

introduced into the container to obtain a mixture left to 

stand overnight (Broekaert, 2005). 

 

Inductively coupled plasma with optical emission 

spectrometry  

The analysis was conducted as described by 

Broekaert (2005). The selected heavy metals contained 

Arsenic (As), Copper (Cu), Cadmium (Cd), Chromium 

(Cr), Mercury (Hg), Nickel (Ni), Lead (Pb), and Zinc (Zn) 

contents were determined. These metals were selected 

based on their benefits and toxicity in living organisms. 

The detection of the elements present in the analyte was 

performed by emission. The nebulized analyte was driven 

by a peristaltic pump to obtain an aerosol that was 

transported in the plasma, where it was desolvated, 

vaporized, atomized, or ionized. The return to a lower 

energy state was accompanied by the emission of 

radiation characteristic of the elements. A monochromator 

separated the different wavelengths. The wavelengths of 

the analyzed elements and the preparation of their 

standards are presented in Table 1. 

 

Table 1. Standard solution used during the determination of metals 

Volumes (mL) 

Solutions étalons 1 2 3 4 5 6 7 

Solutions Cd, Ni, Pb, Cr, As, Hg, Zn, Cu 125 150 175 200 2 25 250 – 

HNO3 conc. 125 100 75 50 25 – 250 

Volume final 250 250 250 250 250 250  

Cd: Cadmium, Ni: Nickel, Pb: Lead, Cr: Chromium, As: Arsenic, Hg: Mercury, Zn: Zinc, Cu: Copper, HNO3 Conc: Concentrated nitric acid 
 

 

Mineralization for heavy metals determination  

An amount of 500 mg of sample was weighed and 

introduced for digestion in a DigiTUBE containing a 

mixture of 5 mL of nitric acid and 10 mL concentrated 

hydrogen peroxide for 16 hours at 25°C. Then, the 

mixture was brought to 95°C for 2 hours in a graphite 

heating block before being filtered. In each series of tubes 

at least three blanks were placed and three controls 

prepared. After the installation of the tracks on DigiPREP, 

the tubes were rotated. For this purpose, the locating lugs 

matched the notches and the bottom of the tubes was in 

contact with the bottom of the graphite block. The blanks 

were covered with perforated plugs to be able to insert the 

DigiPROBE temperature probe inside. The probe was 

placed low enough to be immersed in the liquid without 

touching the bottom of the tube. The temperature 

controller was switched on and the temperature program 

was selected. After allowing the tubes to cool to 25°C, the 

volume of each sample was adjusted to 20 mL (Broekaert, 

2005). 

Quality control 

The analytical test for mycotoxins was conducted 

using the internal quality control (IQC) approach and 

validated before usage. The quality control was performed 

by choosing five different IQCs as follows, calibration, 

blanks, mid-range standard, spiked standard solution, 

certified references material, and duplicates. Results were 

discarded and the sample was if a sample did was not met 

the acceptance criteria, and the sample was reanalysed. 

The limit of detection (LOD) of the analysed samples was 

within the range of 0.06-0.3 µg/kg for AFs and 0.3-0.6 

µg/kg for OTA, while the limit of quantification (LOQ) 

was in the range of 0.2-1 µg/kg for AFs and 1-2 µg/kg for 

OTA. Samples with values below LOQ were recorded as 

non-detectable (CEAEQ, 2015). The calibration standards 

for metals were prepared from certified standards. A total 
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number of four external reference samples and one 

standard reference sample from the National Institute of 

Standards and Technology (NIST) were introduced into 

each series for analysis.  

 

Statistical analysis 

Data obtained were transferred into Microsoft Excel 

for the calculation of the concentrations of µg kg−1. The 

obtained data were then subjected to analysis of variance 

(ANOVA) and Student’s T test for paired samples at the 

significance level of 5% for means comparison using a 

statistical package, SPSS version 20.0 for windows. 

Results were expressed as mean ± standard deviation. 

 

RESULTS  

  

Water content of chicken feed samples 

Table 2 presents the water content g/100 of fresh 

matter (FM) of chicken feed samples. Water content varied 

from 20.8 ± 16.6 g/100g of FM in the Centre and Littoral to 

24.0 ± 5.1 g/100g of FM in the West for local bulk broiler 

feed samples. A significant difference was observed between 

water content for local bulk broiler feed from both the Centre 

and Littoral regions and West region (p ˂ 0.05). Local bulk 

layer feeds showed water content varying from 12.4 ± 0.2 

g/100g of fresh matter in the Littoral and West to 16.8 ± 6.6 

g/100g of FM in the Centre. A significant difference was 

observed between water content from both Littoral and West 

regions and the Centre region (p ˂ 0.05) concerning local 

bulk layer feeds. All the imported feed samples for the three 

regions presented a water content of 12.4 ± 2.7 g/100 g of 

FM with no significant difference (p ˃ 0.05). 

 

Total aflatoxin, aflatoxin B1, and Ochratoxin A 

content in chicken feeds 

Table 3 presents total aflatoxin (AFT), aflatoxin B1 

(AFB1), and Ochratoxin A (OTA) contents in broiler and 

laying chicken feed from the Centre, Littoral, and West 

regions. The AFT content of broiler feed varies from 3.9 

± 0.2 (Littoral region) to 19.6 ± 0.3 µg/kg (Centre region). 

The AFB1 content of broiler feed varies from 1.6 ± 0.1 

(West region) to 19.3 ± 0.2 µg/kg (Central region). The 

OTA content of broiler feed ranges from 1.1 ± 0.01 to 0.8 

± 0.01µg/kg. In the layer feed, the AFT content varies 

from 3.5 ± 0.1 to 12.6 ± 0.2 µg/kg, the AFB1 content from 

2.8 ± 0.1 to 11.4 ± 0, 2µg/kg, and OTA content from 0.8 

± 0.01 to 1.1 ± 0.001µg/kg. 

The total aflatoxin (AFs) content of broiler and layer 

feed is higher in the Centre region and low in the Littoral 

region. Aflatoxin B1 (AFB1) content is always higher in 

the Centre and low in the Littoral for broiler feed, raised 

in the Centre region and lower in the Littoral region for 

layer feed. In terms of Ochratoxin A (OTA) content, the 

highest value is presented by broiler feed from the Centre 

and Littoral regions, while the Littoral region had the 

highest value in layer feed (Table 3). Table 3 shows a 

variation between the values of the levels of different 

toxins from one region to another. This variation results in 

some cases in a significant difference (p ˂ 0.05). This 

variation in the contents of AFT, AFB1, and OTA can be 

explained by the different level of contamination of the 

different ingredients used in the composition of chicken 

feed and climatic conditions. However, significant 

differences were also observed between ochratoxin A 

contents in sample feeds from each region (p < 0.05).   

 

Heavy metal content of chicken feed samples 

Heavy metals analyzed were of two groups, 

including essential (Zn, Cu, Chromium, and Nickel) and 

toxic metals (Lead, Arsenic, Cd, and Hg). Average 

contents of each metal of each group in different bulk 

chicken feeds are presented in Tables 4, 5, and 6. 

Concerning essential metals, Zn showed the highest 

average content (1587168.5 ± 49.5 µg/kg), while 

Nishowed the lowest content (8275.7 ± 21.5 µg/kg) as 

presented in Table 4. Significant differences were not 

observed between heavy metal contents in imported bulk 

broiler feed from each region (p ˃ 0.05). Table 5 presents 

the average contents of non-toxic heavy metals in both 

bulk local layer and broiler feeds from the Centre, Littoral 

and West regions. As shown in Table 5, significant 

differences were observed between heavy metal contents 

of non-toxic heavy metals in bulk local layer and broiler 

feeds from the three regions (p ˂ 0.05). However, bulk 

local layer and broiler feeds showed the highest average 

concentration of Zn while Cr presented the lowest average 

content. Furthermore, significant differences were 

observed between Nickel, Zn, Cu, and Cr contents in the 

bulk feed from the Littoral and West regions (p < 0.05). 

These differences were probably due to the diverse 

sources of the raw materials of the ingredients used to 

produce feeds.  

Table 6 presents the average contents of toxic heavy 

metals in bulk layer and broiler feeds from the three 

regions. Significant differences were observed between 

the average contents for each metal and from each region 

(p ˂ 0.05). The Pb showed the highest average content in 

bulk local layer feed samples from each region, while 

Arsenic (As) obtained the lowest average content. In bulk 

local broiler feed samples, As showed the highest average 
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contents and Cd had the lowest average contents. This 

clearly shows that the content levels of bulk feed samples 

are different in terms of chicken type (p ˂ 0.05).  

 
Table 2. Water content (g/100 g) of fresh matter of different bulk samples in the three regions of Cameroon 

                                                                                                        Regions   

Sample 
Centre Littoral West 

Local broiler feed (g/100 g of FM) 20.8 ± 0.6aA 20.8 ± 0.5aA 24.0 ± 0.1bA 

Local layer feed (g/100 g of FM) 16.8 ± 0.6B 12.4 ± 0.2B 12.4 ± 0.2bB 

Imported layer feed (g/100 g of FM) 12.4 ± 0.7aC 12.4 ± 0.7aC 12.4 ± 0.7ab 

FM: Fresh matter, a,b,c Significant difference in the same column  (p < 0.05), A, B, C Significant difference in the same row (p < 0.05) 

 
Table 3. Total aflatoxins, Aflatoxin B1, and Ochratoxin A contents in bulk chicken feed samples collected in some poultry 

farms from the Centre, the Littoral and the West regions of Cameroon 

Mycotoxins Region 

Mycotoxin content (µg/kg) 

Local broiler feed Local layer feed Imported layer feed 

Mean ± SD Min Max Mean±SD Min Max Mean±SD Min Max 

Total Aflatoxin (AFs) 

Centre 19.6a±0.3 17.2 20.7 12.6b±0.2 11.9 13.3 8.2c±1.4 6.4 9.6 

Littoral 3.9a±0.2 2.7 5.2 3.5a±0.1 3.2 3.8 8.2b±1.4 6.4 9.6 

West 7.4a±0.1 6.3 8.4 4.7b±0.1 2.4 8.1 8.2c±1.4 6.4 9.6 

Aflatoxin B1 (AFB1) 

Centre 19.3a±0.2 17.6 21.0 11.4b±0.2 8.7 14.1 3.6c±0.4 3.1 4 

Littoral 3.7a±0.1 3.4 4.1 2..8b±0.1 1.6 3.9 3.6a±0.4 3.1 4 

West 1.6a±0.2 1.4 1.8 3.3b±0.1 2.9 4.9 3.6b±0.4 3.1 4 

Ochratoxine A (OTA) 

Centre 1.1a±0.01 1.0 1.4 0.9a±0.01 0.8 1.1 2.6b±0.4b 1.8 3 

Littoral 1.1a±0.01 1.0 1.3 1.1a±0.01 1.0 1.2 2.6b±0.4 1.8 3 

West 0.8a±0.01 0.6 0.9 0.8a±0.01 0.6 0.9 2.6b±0.4 1.8 3 
Significant difference between different letters in the same row (p < 0.05) 

 
Table 4. Essential and toxic heavy metals in a bulk imported layer feed (µg/kg) 

Heavy metals Average concentration (µg/kg) 

Essentials 

Cu 248967.8 ± 78.1 

Cr 7760.8 ± 47.7 

Ni 8275.7 ± 21.5 

Zn 1587168.5 ± 49.5 

Toxics 

As 1.0 ± 0.2 

Cd 2.5 ± 0.3 

Pb 3229.8 ± 3.0 

Hg 4.9 ± 0.6 
Cd: Cadmium, Ni: Nickel, Pb: Lead, Cr: Chromium, As: Arsenic, Hg: Mercury, Zn: Zinc, Cu: Copper 

 
Table 5. Average concentrations of non-toxic heavy metals (µg/kg) in bulk local broiler and layer feeds from the three regions 

of Cameroon  

Non-toxic heavy 

metals 

Centre Littoral West 

Bulk broiler 

feed 

Bulk layer  

feed 

Bulk broiler 

feed 

Bulk layer  

feed 

Bulk broiler 

feed 

Bulk layer  

feed 

Ni 22575 ± 35.4aA 6942.4 ± 0.1aA 22522.3 ± 0.4bB 7349.3 ± 0.4bB 22561± 55.2cC 7145.8 ± 287.4cC 

Zn 82791.7 ± 0.2aA 51789.4 ± 0.1aA 82834.4 ± 0.1bB 54537.4 ± 0.1bB 82813 ± 30.4cC 4150.8 ± 0.4cC 

Cu 17760.2 ± 0.5aA 7963.4 ± 0.1aA 17737.5 ± 0.0bB 8370.8 ± 0.4bB 17749 ± 16.3cC 8167.3 ± 288.1cC 

Cr 1867.8 ± 0.4aA 3957.2 ± 0.2aA 1882.2 ± 0.07bB 4150.8 ± 0.4bB 1875.1 ± 10.0cC 4054 ± 137.2cC 
a,b,c Significant difference in the same column  (p < 0.05), A, B, C Significant difference in the same row (p < 0.05), Ni: Nickel, Zn: Zinc, Cu: Copper Cr: 

Chromium 
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Table 6. Average concentrations of toxic heavy metals (µg/kg) in bulk local broiler and layer feeds from the three regions of 

Cameroon  

Toxic 

heavy 

metals 

Centre Littoral West 

Bulk broiler  

feed 

Bulk layer 

feed 

Bulk broiler  

feed 

Bulk layer 

feed 

Bulk broiler  

feed 

Bulk layer  

feed 

Pb 10 ± 0.0aA 10 ± 0.0aA 7.5 ± 0.0bB 995.8 ± 0.4bB 8.8 ± 1.8cC 503 ± 209.3cC 

As 2818.8 ± 0.4aA 2.2 ± 0.0aA 2819.4 ± 0.1bB 2.0 ± 0.07bB 2819.3 ± 0.4cC 2.1 ± 0.1cC 

Cd 2.8 ± 0.07aA 2.4 ± 0.0aA 2.7 ± 0.0bB 3.3 ± 0.0bB 2.7 ± 0.0cC 2.9 ± 0.6cC 

Hg 4.6 ± 0.07aA 5.6 ± 0.0aA 4.3 ± 0.0bB 5 ± 0.0bB 4.4 ± 0.1cC 5.3 ± 0.4cC 

A significant difference between identical letters in the same column and different letters in the same line (p < 0.05), Pb: Lead, As: Arsenic, Cd: Cadmium, 

Hg: Mercury 

 

DISCUSSION 

 

Total aflatoxins, Aflatoxin B1, and Ochratoxin A 

in chicken feed samples 

This study was conducted in the Centre, Littoral, 

and West regions of Cameroon, namely Centre, Littoral 

and West. Total aflatoxins (AFs), Aflatoxin B1 (AFB1), 

and Ochratoxin A (OTA) contents in chicken feed 

samples, their average content globally respected the 

recommended standard. The recommended concentrations 

of AFs, AFB1, and OTA in poultry feeds (20 µg/kg, 10 

µg/kg, and 5µg/kg, respectively, FAO/WHO, 2017; 

Mokubedi et al., 2019) were higher than concentrations 

found for different feed samples in this study. This is 

probably because these feeds were well stored at the farm. 

During sample collection, it was observed that feeds are 

stored in places that are not humid and are mostly made 

for immediate use (2 to 3 days). However, the results of 

this study are different from previous studies in Guyana 

(27380 ± 82120 × 10
-3

 µg/kg) by Mokubedi et al. (2019), 

in Nigeria (127400 × 10
-3

 µg/kg) by Akinmusire et al. 

(2018), and Cameroon (30000 × 10
-3

 and 22000 x 10
-3

 

µg/kg) by Abia et al. (2013a) for AFs. Aflatoxin B1 

(AFB1) content of broiler and layer feed in the Centre 

region is higher than in other regions. In addition, this 

content is also higher than the maximum limit for AFB1 in 

chicken feed (10μg/kg) set by the Commission of the 

European Union and the Food and Drug Administration 

of the United States of America in 2010 (FAO/WHO, 

2017). This AFB1 content represents 193% of 10μg/kg in 

broiler feed and 114% in layer feed from the Centre 

region. The obtained results might probably be the 

consequence of conditions in which feed samples are 

produced or stored, which promote this toxin production 

by molds, such as Aspergillus whose presence in feed has 

already been reported (FAO/WHO, 2017). In fact, in the 

Center region, it was observed that food took longer on 

the farm, compared to the other two regions. The 

concentrations of OTA detected in all chicken feed were 

below the maximum tolerable limit of 5µg/Kg (Morrison 

et al., 2017). Previous studies in Nigeria and Cameroon 

reported the contamination of chicken feed or poultry by 

OTA at variable concentrations of 1200 × 10
-3

 and 2100 × 

10
-3

 µg/kg (Abia et al., 2013b) and 5400 × 10
-3

 µg/kg 

(Akinmusire et al., 2018). Mycotoxins can be carried 

over from feed to animal body and be bio-accumulated 

(Mokubedi et al., 2019). Hence, although values are 

globally lower than the norm, it is suggested that 

measures should be taken to minimize mold 

contamination of poultry feeds. 

   

Heavy metals in feed samples 

Analysis of heavy metals was carried out in two 

groups of essential and toxic metals. The concentrations 

of Zn in different local bulk feed samples were above the 

maximum acceptable Zn concentration of 3 mg/kg (3000 

µg/kg) established by the World Health Organization 

(WHO, 2011). Compared to the permissible concentration 

of 2 mg/kg (2000 µg/kg) for Cu in feed asserted by the 

WHO (2011), the mean concentrations of Cu in all feeds 

were above. Similar to Zn, Cu is required for many 

biological processes, including enzyme functions as well 

as a positive influence on livestock growth and 

reproduction. Due to the variation of their bioavailability, 

supplementation of Zn and Cu is necessary for most 

livestock species (EC, 2003a; EC, 2003b). A similar 

result was reported by Okoye et al. (2011) in Nigeria. 

Nickel average concentrations were higher than those 

reported by Okoye et al. (2011) in Nigeria, ranging from 

2250 to 4875 µg/kg and higher than 70 µg/kg in feeds 

(WHO, 2011). The imported layer feed showed the 

highest mean concentration for Cr (7760.8 ± 47.7 µg/kg) 

than any other feed sample. Chromium concentrations in 
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different feed samples were above the permissible limit 

set by WHO (2011) of 50 µg/kg in feeds.  

Bulk broiler feed samples from the three regions 

showed an average concentration of Arsenic above the 

permissible concentration (500 µg/kg, Nachman et al., 

2005). The level of Cd in the bulk layer feed from the 

two poultry farms in the Littoral region and the second 

poultry farm in the West was above the permissible 

concentration of 3 µg/kg in feed (WHO, 2011). The 

Commission Directive 2005/8/EC permits a maximum 

Hg 0.1 mg/kg (100µg/kg) for complete feedstuffs (EC, 

2005). The current study indicated that all bulk feed 

samples showed Hg average concentrations above this 

maximum allowed limit. Islam et al. (2007) reported the 

presence of Hg at the concentration of 57.9 µg/kg and 

11.6 µg/kg in different types of poultry feed produced in 

Bangladesh. The permissible Pb limit set by WHO 

(2011) is 10 µg/kg. Bulk layer feed from the Littoral and 

West region was above the permissible limit. These low 

values of heavy metals, particularly toxic metals, could 

be bio-accumulated in chicken tissues and eggs during 

their life and be responsible for health concerns as 

reported by the CFIA (2017) and Tatfo Keutchatang et 

al. (2022). Contaminants can be accumulated in chicken 

tissues and eggs used for human consumption. 

 

CONCLUSION 

 

Feeds used in chicken farming for broilers and egg 

production were contaminated by mycotoxins (total 

aflatoxins, aflatoxin B1, and ochratoxin A) and both 

essential and toxic metals in the study area (Centre, 

Littoral, and Western regions of Cameroon). The contents 

of these contaminants were, in a few cases, above the 

recommended or permissible limits. This situation could 

lead to the presence of their residues in chicken tissues 

and eggs responsible for health concerns and the low 

productivity of the poultry sector in Cameroon.  
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ABSTRACT 
Soybean (Glycine max) is a principal vegetable protein source in the animal feed industry in Nigeria, 

including the poultry feed industry, but because of the fact that it contains various anti-nutritional factors, 

the raw full-fat cannot be used in poultry nutrition. The present study was carried out to examine the 

carcass, and internal organ characteristics of broiler chickens fed a soybean diet. A total of eight hundred 

and four unsexed one-day-old broiler chickens (Arbor Acre) with an average weight of 45 ± 1.1 g were used 

in 56 days feeding trial to observe the effect of different processing methods of soybean on broiler chicken 

carcass and organs characteristics including; liver, spleen, lungs, crop, bile, pancreas, heart, intestine and 

empty gizzard. There were four dietary treatments (T1-T4), each containing soybean meal as the control 

diet, dried-boiled soybean, roasted soybean and dried-fermented soybean. Each treatment was replicated 

three times with 67 broiler chickens per replicate, giving 201 broiler chickens per treatment. The experiment 

was arranged in a completely randomized design. The starter diet was fed for 4 weeks and the finisher diet 

for 4 weeks. At the end of the feeding trial, 15 broiler chickens were randomly selected for sampling and 

collecting the data. The weight of the internal organs and carcass characteristics showed no significant 

difference in the treatment groups, but the fermented method showed the highest value in the live weight 

(2075.00 g), eviscerated weight (1532.46 g), and breast weight (483.72 g) compared to other carcass 

parameters in other treatments including the control diet. It is, therefore, concluded that for optimal broiler 

growth, the fermented processing method of soybean is recommended. 
 

Keywords: Broilers chicken, Carcass characteristic, Diet, Internal organ, Processed soybean 
 

 

INTRODUCTION 
 

Soybean is a major source of protein widely used in the 

diet of broiler chickens (Guo et al., 2020). However, the 

use of soybean in young chickens is limited and 

contraindicated because of the anti-nutritional factors 

(ANF) and content of trypsin inhibitors (TI) 

and lectins, oligosaccharides, and phytate (Wu et 

al. 2020). Extrusion has a positive effect on the level of 

anti-nutrients (for example, by reducing the activity of 

trypsin inhibitors); however, it improves the digestibility 

of protein and starch (Konieczka et al., 2014). Several 

soybean processing techniques that are aimed at increasing 

the nutritional quality of soybean and other legumes can 

be accomplished by methods, such as toasting, cooking, 

extruding, salt treatment, fermentation, germination 

pressure cooking, cooking, soaking, urea treatment 

(Ayanwale, 1999; Okagbare and Akpodiete, 2006; Akande 

and Fabiyi, 2010). These soybean processing techniques 

uniquely present different opportunities and challenges in 

both the nutritional profile and nutrient availability of 

soybean for utilization by broiler chickens.  

Different processing methods are used in 

processing soybean for their different protein products. 

Processing methods have an impact on the quality of 

the products, but it all depends on the method used 

(Araba and Dale, 1990). The heating process has been 

identified as the only method that affects the protein 

quality of soybean. Anti-nutritive factor (trypsin 

inhibitors and lectins) can be rendered inactive when 
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heating conditions, such as moisture content, heating 

temperature and heating time are properly used (Araba 

and Dale, 1990). Using high heating temperature leads 

to denaturing of the amino acid and protein content of 

the soya bean (Hurrell, 1990; Parsons et al., 1992). 

Therefore, the current study aimed to examine the effect 

of different soybean processing methods on broiler 

chicken carcass and internal organs characteristics. 

 

MATERIALS AND METHODS 

 

Ethical approval  

The experiment was approved by the Federal 

University of Oye Ekiti (FUOYE) Faculty of Science 

Research Ethics Committee (RECOM), and reviewed and 

considered the submitted research protocol and hereby gives 

ethical approval (FUOYEFSC 201122-REC2022/006) to 

carry out the research. 

 

Collection and processing of test ingredients 

The experiment was conducted at the Federal 

University Oye Ekiti, animal production and health 

department, Ikole campus, Nigeria, located on latitude 

7.7979
o
N and longitude 5.3286

o
E with bimodal rainfall peaks 

in July and August at the experimental location. The average 

ambient temperature during the experiment was 24.2
o
C with 

high humidity of over 75%. The soybean seeds (Glycine max, 

East Asia), were procured from a local market in Ikole, Ekiti 

State, Nigeria. The collected seeds were cleaned by 

winnowing and hand-picking of stones and debris and were 

subjected to three processing methods (Akande and Fabiyi, 

2010). 

 

Roasting method 

Soybean seeds were grilled in a metal saucepan over 

firewood. Soybean seeds were constantly and continuously 

stirred using a stir rod to avoid burning while roasting until a 

golden brown color was achieved. Soybean seeds were later 

spread on a concrete floor to cool, then ground into a meal 

referred to as dried roasted soybean (DRS) meal (Akande and 

Fabiyi, 2010). 

 

Boiled soybean 

Dried soybean seed was cooked by bringing water in 

a metal pot to a boiling point and pouring it in the boiling 

water for thirty minutes to produce the cooked full-fat and 

then sun-dried for 4 days and ground to produce the 

corresponding full-fat soybean designated as dried, boiled 

soya bean (DBS) meal (Akande and Fabiyi, 2010). 

 

Fermented soybean  

The soya beans seed was cooked in water for 30 

minutes, left to cool, and then fermented for 48 hours. The 

soybean was then sieved, sundried for 4 days, and 

powdered to make dried fermented soybeans (DFS), 

(Akande and Fabiyi, 2010). 

 

Management of experimental animals 

A total of eight hundred and four one-day-old (804) 

unsexed broiler chickens (Arbor Acre) with an average 

weight of 45 ± 1.1 g were sourced from a reputable 

commercial hatchery at Ikole-Ekiti and were randomly 

allocated to 4 treatments and 3 replicates of 67 broiler chicks 

per individual cage of (6.5 x 3.2 x 6) ft. Each cage was 

adjusted with installed nipple drinks and free access water (ad 

libitum) and was raised on a deep litter system with wood 

shavings as bedding materials and a controlled environment. 

The feed was given twice daily in the morning (07.00 a.m.) 

and afternoon (04.00 p.m.). The treatments used in the 

research were four dietary treatments (T1-T4) with each diet 

containing T1 (soybean meal) as control diet, T2 (dried-

boiled soybean), T3 (roasted soybean) and T4 (dried-

fermented soybean) in a completely randomized design. The 

investigated parameters include growth performance, carcass 

and internal organ characteristics. The formulated feed with 

processed soybean at 33.56% in the starter mash diet and 

finisher mash diets with processed soybean at 30.57% and 

nutrient composition in the experimental diet are presented in 

tables 1 and 2, as the feeding was based on just starter and 

finisher diet and no grower diet was given. Routine 

vaccination and standard management practices were carried 

out (Kalam et al., 2021) and a 17-20 hours lightening 

schedule was observed, the feeding trial lasted for 56 days.  

 

Carcass yield  

At the end of the experiment, 15 broiler chickens 

were randomly selected from each replicate (45 broiler 

chickens per treatment). The broiler chickens were starved 

of feed overnight and then slaughtered by severing the 

jugular vein with a sharp knife and allowing blood to drain 

for five minutes. Slaughtered chickens were scalded in hot 

water (about 50
o
C) for one minute, then de-feathered and 

eviscerated manually. The live weights and dressed 

weights were recorded and the internal organ (liver, 

kidney, heart, gizzard and intestine) were recorded and 

expressed as a percentage of live weight. The dressing 

percentage was calculated as the percent of live weight 

after bleeding and de-feathering. Eviscerated carcass 

weight was determined after removing blood, feather, 

shank, head, heart, liver, gizzard, kidney, lung, pancreas, 

crop, pro-ventricles, and the intestine.  
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Statistical analysis 

For the statistical analysis, analysis of variance 

(ANOVA) using a general linear model (GLM) was 

carried out using SAS software (version 2012) on Demand 

for Academics (ODA, Cary, NC, USA). Moreover, means 

of treatment were analyzed using Tukey’s honestly 

significant difference test at 5% probability test. 

 

Table 1. Gross composition of starter and finisher experimental diets for the period of four weeks in broiler chickens  

Ingredients (%) 
Starter (Days 1-28) Finisher (Days 29-56) 

T1 T2 T3 T4 T1 T2 T3 T4 

Maize 54.96 54.96 54.96 54.96 56.96 56.96 56.96 56.96 

Soybean-meal 33.56 - - - 30.57 - - - 

Dried boiled soybean - 33.56 - - - 30.57 - - 

Roasted soybean - - 33.56 - - - 30.57 - 

Dried fermented soybean - - - 33.56 - - - 30.57 

Wheat offal 8.51 8.51 8.51 8.51 9.15 9.15 9.15 9.15 

DCP 1.50 1.50 1.50 1.50 1.70 1.70 1.70 1.70 

Limestone 0.30 0.30 0.30 0.30 0.50 0.50 0.50 0.50 

Lysine 0.25 0.25 0.25 0.25 0.23 0.23 0.22 0.22 

Methionine 0.20 0.20 0.20 0.20 0.18 0.18 0.18 0.18 

Premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Toxin binder 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Enzyme 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Salt 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 

Total 100 100 100 100 100 100 100 100 
T1: Commercial soybean meal (control), T2: Dried boiled soybean, T3: Dried roasted soybean, T4: Dried fermented soybean, DCP: Dicalcium phosphate, 
Premix: Vitamin minerals (methionine, lysine, biotin, niacin, folic acid) 

 

Table 2. Nutrient composition of starter and finisher period of experimental diets fed to broiler chickens 

Nutrients 
Starter (Days 1-28) Finisher (Days 29-56) 

T1 T2 T3 T4 T1 T2 T3 T4 

ME (KCAL/KG) 2937 2937 2939 2812 2937 2958 2938 2823 

Crude protein (%) 21.5 21.54 21.15 23.8 20.45 20.48 20.12 22.54 

Crude fibre (%) 6.00 7.80 5.72 6.50 5.80 8.20 7.10 6.30 

Ash content (%) 7.65 5.33 6.85 7.23 7.83 5.69 7.26 7.39 

Fat content (%) 1.98 2.07 2.27 2.98 2.15 2.23 2.35 3.15 

Moisture content (%) 9.74 10.12 10.29 8.5 8.49 8.34 9.69 8.99 
T1: Commercial soybean meal (control), T2: Dried boiled soybean, T3: Dried roasted soybean, T4: Dried fermented soybean, ME: Metabolizable energy 

 

RESULTS AND DISCUSSION 

 

Weight and percentage of carcass parameters  

The weights of broiler chickens fed processed 

soybean diets are presented in Tables 3, and the 

percentage of broiler chicken carcasses are tabulated in 

Table 4. The live weights of chicken had no significant 

difference in the entire treatment group (p > 0.05). 

However, broiler chickens fed diet with fermented 

soybean had the highest live weight (2075 g) and the 

lowest (1766.67 g) was recorded in broiler chickens fed 

with roasted soybean meal. Fermented soybean had the 

best effect on the slaughter weight (1983.33 g). This may 

be due to the high level of crude protein that fermented 

soybean contained (51.85%) and with the lowest recorded 

in broiler chickens fed roasted soybean meal (1708.33 g). 

Dressed weight had no significant difference in all the 

treatment groups (p > 0.05), but the lowest was recorded 

in broiler chickens fed dried roasted soybean meal 

(1624.32 g). The findings of Abu et al. (2015) in broiler 

chickens are consistent with this finding of where the 

dressed weight of the broilers expressed as percentage 

live weights were similar between treatment groups. 

The were no significant differences (p > 0.05) in the 

eviscerated and wing weights across the treatment 

group. However, broiler chickens fed DFS had the 

highest eviscerated weight (1532.46 g), while those fed 

dried roasted soybean mean meal had the lowest 

(1299.13 g). The high eviscerated weight might result 

from an increase in the bioavailability of nutrients 

(Hotz and Gibson, 2007) and a decrease in the amounts 

of anti-nutritional agents (Egounlety and Aworh, 2003). 

Broiler chickens fed DRS had the heaviest wings (94.53 

g), whereas the control group had the lightest wings 

(80.87 g). This finding is in line with the findings of 

Roberts et al. (1999), who demonstrated that broiler 

chickens that were fed roasted soybeans had better 

performance. 
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There was a significant difference among the groups 

regarding the weight of the thighs (p < 0.05) except for 

broiler chickens on a control diet (100.03 g) and those fed a 

dried boiled soybean diet whose weights were similar 

(100.80 g). This might be attributed to a better processing 

method that promotes digestibility. The thigh weight in the 

fermented soybean group showed a significant difference (p 

< 0.05), having the highest thigh weight of 111.92 g. The 

weight of thigh and breast, which signifies carcass 

superiority, was higher in DFS, compared to the weight of 

thigh and breast of broiler chickens fed DBS and the control 

diet, while broiler chickens fed roasted soybean had the 

lowest (87.97 g) thigh weight (Medugu et al., 2010). There 

was no significant difference (p > 0.05) in the weight of the 

drumstick across the treatment groups and the control 

except for broiler chickens fed a fermented soybean diet. 

There was no significant difference (p > 0.05) 

observed on the chicken’s back, neck, shank, and head 

weight across the treatment group. The feather weight for 

treatments 1-3 showed no significant difference (p > 

0.05) except for treatment 4 (DFS), which had the 

highest weight of 56.73 g, compared to other treatment 

groups. The chicken back of the broiler chickens was 

weightier (273.46 g) in the fermented diet group, while the 

chicken back weight was last recorded in broiler chickens 

fed boiled and roasted soybean, respectively. There was a 

significant difference (p < 0.05) shown in the breast 

weight across the treatment group with treatment 4 

(DFS) which had the highest (483.72 g), compared with 

those recorded in broiler chicken fed roasted soybean 

(582.48 g), boiled Soybean (410.25 g), and commercial 

soybean meal (399.15 g). Studies have shown that the 

fermentation method of processing soybean can degrade 

anti-nutritive and allergenic soybean compounds 

(Dimidi et al., 2019). The neck was also weightier in 

birds fed the fermented soybean diet, the control had 

the best shank weight, and the head was weightier in the 

roasted and fermented soybean diets, respectively, 

while the feather was found to have more weight in 

birds fed the fermented soybean diet. 

The percentage of the chicken’s back, breast, neck, 

shank, and head were also similar in all the treatment 

groups and the diets. The percentage of the feather in 

the live weight was similar in the control (2.13%), and 

broiler chicken fed boiled soybean (2.16%); however, 

significantly different (p < 0.05), compared to broiler 

chickens fed roasted (1.90%) and fermented (2.70%).  

 

 
Table 3. Weight of carcass parameters of broiler chicken fed processed soybean diets for 56 days 

Parameters (g) T1 T2 T3 T4 

Live weight 1791.67 ± 222.30 1816.67 ± 116.90 1766.67 ± 125.17 2075.00 ± 267.86 

Slaughter weight 1740.00 ± 223.16 1766.67 ± 116.90 1708.33 ± 131.97 1983.33 ± 294.39 

Dressed weight 1669.12 ± 233.12 1695.12 ± 85.58 1624.32 ± 123.01 1875.14 ± 257.37 

Eviscerated weight 1330.12 ± 211.18 1371.43 ± 57.01 1299.13 ± 99.23 1532.46 ± 210.13 

Wing weight 80.87 ± 10.63 86.54 ± 6.76 94.53 ± 28.89 91.97 ± 7.11 

Thigh weight 100.03 ± 13.24ab 100.80 ± 12.96ab 87.97 ± 9.62b 111.92 ± 16.58a 

Drumstick weight 103.55 ± 19.11 104.73 ± 9.42 103.15 ± 13.81 103.28 ± 15.07 

Back weight 244.86 ± 60.65 233.27 ± 13.54 233.39 ± 31.42 273.46 ± 52.91 

Breast weight 399.15 ± 68.16ab 410.25 ± 30.84ab 382.48 ± 35.85b 483.72 ± 87.55a 

Neck weight 84.87 ± 18.52 89.37 ± 9.66 80.41 ± 12.37 90.33 ± 19.32 

Shank weight 47.39 ± 8.37 44.53 ± 5.07 44.64 ± 7.12 43.29 ± 8.50 

Head weight 54.89 ± 4.03 56.91 ± 7.32 59.54 ± 12.51 59.15 ± 10.53 

Feather weight 38.22 ± 13.74b 39.26 ± 7.19b 33.45 ± 6.24b 56.73 ± 15.75a 
abDifferent superscripts letters across a row are significantly different from each other at p < 0.05. T1: Commercial soybean meal (control), T2: Dried boiled 

soybean, T3: Dried roasted soybean, T4: Dried fermented soybean 

 
Table 4. Weight of carcass in total live weights of broiler chickens fed processed soybean diets for 56 days 

Parameters (%) T1 T2 T3 T4 

Dressed 93.04 ± 2.44 93.38 ± 1.79 91.93 ± 2.27 90.34 ± 2.71 

Eviscerated 74.01 ± 1.65 75.59 ± 0.88 73.53 ± 0.77 73.83 ± 0.96 

Wing 4.53 ± 0.46 4.76 ± 0.14 5.29 ± 1.17 4.47 ± 0.42 

Thigh 5.58 ± 0.21 5.56 ± 0.67 4.98 ± 0.48 5.41 ± 0.57 

Drumstick 5.75 ± 0.50a 5.76 ± 0.37a 4.76 ± 0.14 4.99 ± 0.54b 

Back 13.52 ± 2.07 12.88 ± 1.06 5.56 ± 0.67 13.16 ± 1.61 

Breast 22.20 ± 1.56 22.61 ± 1.53 5.76 ± 0.37a 23.23 ± 2.16 

Neck 4.71 ± 0.71 4.94 ± 0.67 4.54 ± 0.54 4.34 ± 0.59 

Shank 2.59 ± 0.30 2.46 ± 0.29 2.52 ± 0.30 2.10 ± 0.42 

Head 3.08 ± 0.21 3.13 ± 0.29 3.35 ± 053 2.86 ± 0.42 

Feather 2.13 ± 0.28ab 2.16 ± 0.13ab 1.90 ± 0.14b 2.70 ± 0.22a 
abDifferent superscript letters across a row are significantly different from each other at p < 0.05. T1: Commercial soybean meal (control), T2: Dried boiled 
soybean, T3: Dried roasted soybean, T4: Dried fermented soybean 
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Table 5. Weight of internal organs of broiler chickens fed processed soybean diets for 56 days 

Parameters (g) T1 T2 T3 T4 

Liver weight 33.34 ± 8.66 29.36 ± 2.68 27.70 ± 3.94 33.33 ± 8.23 

Spleen weight 1.45 ± 0.59 1.20 ± 0.26 1.19 ± 0.30 2.24 ± 1.31 

Lung weight 8.92 ± 1.87 8.42 ± 1.53 8.87 ± 1.30 9.99 ± 1.69 

Heart weight 7.75 ± 1.70 9.36 ± 1.63 7.47 ± 0.57 7.99 ± 0.76 

Intestine weight 73.96 ± 6.47 72.66 ± 9.84 70.07 ± 7.37 77.38 ± 23.17 

Crop weight 12.79 ± 1.41 13.57 ± 2.25 9.98 ± 2.68 14.45 ± 4.84 

Bile weight 2.27 ± 0.56 2.10 ± 1.06 2.66 ± 0.67 3.78 ± 2.26 

Pancreas weight 3.09 ± 0.47 2.90 ± 0.51 3.30 ± 0.47 3.52 ± 0.60 

Empty Gizzard weight 41.39 ± 4.76 40.18 ± 6.82 38.77 ± 1.37 41.01 ± 3.84 

T1: Commercial soybean meal (control), T2: Dried boiled soybean, T3: Dried roasted soybean, T4: Dried fermented soybean 

 

Table 6. Weight of internal organs in live weight of broiler chickens fed processed soybean diets for 56 days 

Parameters (%) T1 T2 T3 T4 

Liver 1.85 ± 0.13 1.62 ± 0.09 1.57 ± 0.08 1.59 ± 0.09 

Spleen 1.45 ± 0.24 1.20 ± 0.11 1.19 ± 0.12 2.24 ± 0.54 

Lung 0.50 ± 0.03 0.46 ± 0.03 0.51 ± 0.03 0.48 ± 0.03 

Heart 0.43 ± 0.03b 0.51 ± 0.03a 0.42 ± 0.01b 0.39 ± 0.02b 

Intestine 4.14 ± 0.09 3.99 ± 0.13 3.98 ± 0.19 3.71 ± 0.34 

Crop 0.72 ± 0.04 0.75 ± 0.05 0.56 ± 0.05 0.70 ± 0.08 

Bile 0.15 ± 0.01 0.17 ± 0.02 0.15 ± 0.01 0.18 ± 0.05 

Pancreas 0.17 ± 0.01 0.16 ± 0.01 0.19 ± 0.01 0.17 ± 0.01 

Empty Gizzard 2.33 ± 0.14 2.21± 0.14 2.20 ± 0.07 1.99 ± 0.09 
abDifferent superscript letters across a row are significantly different from each other at p < 0.05. T1: Commercial soybean meal (control), T2: Dried boiled 

soybean, T3: Dried roasted soybean, T4: Dried fermented soybean 

 
 

 

Weight and percentage of internal organs  

The weights and percentages of the internal organs 

of birds fed processed soybean diets were measured and 

presented in tables 5 and 6. The internal organs measured 

were the liver, spleen, lungs, heart, intestine, crop, bile, 

pancreas, and empty gizzard and their weights were 

similar in all the basal diets. The values of the organs are 

within the range reported by Ayanwale (2006) on 

processed soybean. The mean liver weight was the highest 

in chickens fed dried fermented soya bean (33.33 ± 8.66 g) 

and in control group (33.34 ± 8.66 g). The weights of the 

spleen, lung, heart, intestine, crop, bile, and pancreas were 

higher in broiler chickens fed dried fermented soybean. 

Broiler chickens fed dried roasted soybean had the least 

weight of spleen, heart, intestine, crop, and empty gizzard, 

while broiler chickens fed dried boiled soybean had the 

lowest lung weight (8.42 ± 1.53 g). The percentage weight 

of the internal organs in the live weight indicated no 

significant differences in the percentage of the lung, 

intestine, crop, bile, pancreas, and empty gizzards across 

the treatment diets and the control (p > 0.05; Table 6). The 

percentage of heart weight in live weight d in broiler 

chickens fed Dried boiled soybean differ significantly 

compared to control and other treatment groups (p < 0.05; 

Table 5). The internal organs of broiler chickens fed 

processed soybean seed show no significant difference 

across the treatment group (p > 0.05). 

CONCLUSION 

 

In conclusion, DFS enhanced live weight, eviscerated 

weight, breast weight and internal organ characteristics of 

broiler chicken. It should be recommended for poultry 

farmers consider soybeans as the protein source by 

attention that the processed soybean had no deleterious 

effect in the present study. 
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ABSTRACT 
Coccidiosis is a critical disease in the poultry industry worldwide. Producers apply different strategies to 

control and prevent this disease. Herbal drugs are suitable remedies for reducing losses associated with 

coccidiosis in poultry. The present study aimed to evaluate the effectiveness of an herbal mixture in preventing 

coccidiosis. A total of 160 broiler chickens were divided into four treatment groups, with five replicates for 

each. Experimental infection of all groups, except group D, was carried out with mixed Eimeria species (E. 

tenella, E. necatrix, E. brunetti, and E. maxima) on day 14.  Broiler chickens in group A were given an herbal 

mixture (75% Quercus infectoria, 16% Artemisia annua, and 9% Allium sativum) as feed additives during the 

rearing period, and group B was treated with Monensin. No treatment was applied to group C after the 

chickens were experimentally infected with mixed Eimeria spp. Group D was used as the negative control 

since chickens in this group were not infected or sick during the experiment. Body weight gain, feed 

conversion ratio (FCR), mortality rate, intestinal lesion scoring, and oocyst count per gram (OPG) were 

evaluated in this study. The results of the present study revealed that the highest mean body weight was gained 

in group D, followed by chickens in group A. The best FCR results were attributed to chickens in group D, 

followed by group B. In this study, both drugs decreased mortality rate, intestinal lesion scores, and OPG in 

the treated chickens. In conclusion, this herbal mixture can reduce coccidial lesions. 
 

Keywords: Broiler, Coccidiosis, Herbal mixture, Prevention 
 

 

INTRODUCTION 
 

Avian coccidiosis is an infectious parasitic disease of the 

intestinal tract caused by a protozoan of the genus 

Eimeria, including (E. acervulina, E. brunetti, E. maxima, 

E. mitis, E. necatrix, E. praecox, and E. tenella; Abd El-

Hack et al., 2021). Coccidiosis results in mortality, poor 

growth, impaired performance, and increased 

susceptibility to secondary infections (De Gussem, 2007). 

World poultry production continues to be negatively 

affected by this parasitic condition (Noack et al., 2019). 

Residual effects and increased resistance are associated 

with conventional anticoccidials. The development of 

vaccines against poultry coccidiosis has benefited 

technology and immunology, but they still need to meet 

farmers’ expectations as effective, safe, and economical 

(Alfaro et al., 2007; Kim and Lillehoj, 2019). Due to 

resistance, consumer concerns, increased regulations, and 

the possibility of a ban on anticoccidial drugs as feed 

additives, alternative control strategies are needed.  

(Acharya and Acharya, 2017). Numerous studies indicated 

that natural products could be an effective means to 

combat coccidiosis (Brisibe et al., 2008; Idris et al., 2017). 

There is evidence that biologically active compounds from 

multiple plant types are effective alternatives to 

conventional methods of controlling coccidiosis (Peek and 

Landman, 2011). Plant extracts contain natural compounds 

containing metabolites capable of inhibiting the life cycles 

of various Eimeria species (Cobaxin-Cárdenas, 2018). 

Artemisinin and its derivatives in the Artemisia annua 

were shown to be gametocytocidal and reduced the 

transmission potential of falciparum malaria (Willcox et 

al., 2004). Several studies have tried to investigate the 

efficacy of this herb against Eimeria parasites, and the 

results were promising (del Cacho et al., 2010; Dragan et 
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al., 2010; Jiao et al., 2018). Artemisinin induces oxidative 

stress in parasite cells and directly inhibits sporulation and 

cell wall formation in Eimeria species (Muthamilselvan et 

al., 2016). Quercus infectoria has medicinal effects such 

as anti-inflammatory, astringent, antidiabetic, 

antimicrobial, and gastroprotective. Quercus infectoria 

anti-parasitic activity against Entamoeba histolytica, 

Blastocystis hominis, and Leishmania major was studied 

before (Thangavel et al., 2020). It contains compounds 

such as gallic acid and its derivative, gallotannins and 

hydrolyzable tannins, which have been found to control 

coccidiosis in poultry (Arina and Harisun, 2019). Allium 

sativum (A. sativum) has been utilized as a spice and a 

native drug for years. It includes antifungal, antibacterial, 

antiparasitic, antiviral, antioxidant, anti-thrombotic, anti-

cancerous, anticholesteremic, and vasodilator effects 

(Ogbuewu et al., 2019). Allium sativum, often used in 

alternative medicine, has attracted immense interest in the 

medical literature (Ibrahim et al., 2021). The A. sativum 

holds the highest concentration of sulfur, such as allicin, 

and other biological activities (Waqas et al., 2018). 

Thiosulfate allicin has effective antiprotozoal activity, and 

other non-sulfur components, including saponins, proteins, 

and phenolic compounds, can also be helpfull with its 

antiparasitic effects (Al-Massad et al., 2018). 

An herbal formulation, including extracts of Allium 

Sativum, Artemisia Annua, and Quercus infectoria, was 

evaluated based on a comparative model to determine its 

effectiveness as an anticoccidial agent in infected broiler 

chickens.  

 

METHODS AND MATERIALS 

 

Ethical approval 

Guidelines for animal care and use were followed at 

all international, national, and institutional levels 

(IR.UM.REC.1400.217). This experiment was performed 

following the guidelines approved by the Animal Ethics 

Committee of the Ferdowsi University of Mashhad. 

 

Study design 

A total of 160 day-old Ross 308 broiler chickens 

were purchased and reared under standard management 

practice with free access to feed (Table 1) and water in a 

specialized clinic of the Faculty of the Veterinary 

Medicine of the Ferdowsi University of Mashhad, Iran. 

All broilers were raised in floor pens and placed in cages 

after 14 days (Four broiler chickens in each cage). During 

the first week of the trial, the temperature was kept at 

33°C, gradually decreased to 21°C on day 21, and 

remained constant until the end of the clinical trial.  

 

Table 1. The diet and chemical analysis of broiler 

chickens during 45 days of study 

Ingredient Weight (Kg) 

Corn 604 

Wheat 35 

Soy 315 

NaCl 2 

Carbonate 8 

Diphosphate 8 

Oil 15 

Liquid methionine 2.2 

Lysine 1 

Choline 1.5 

Cocci Phyt 1 

Supplement 5 

Phytase 0.1 

Bicarbonate 2 

Multienzyme 0.05 

Threonine 0.15 

Total 1000 kg 

Pr 19.00% 

Ca 0.78% 

P 0.43% 

MET 0.43% 

LYS 1.00% 

Na 0.18% 

Cl 0.17% 

K 0.83% 

Energy 3012 kcal 

 

Parasite  

A mixture of sporulated oocysts of Eimeria spp. was 

purchased from the Faculty of Veterinary Medicine, 

University of Tehran, Iran. Microscopic analysis showed 

that the suspension contains 50% E. tenella, 25% E. 

maxima, and 25% other species, including E. acervulina 

and E. necatrix. On day 14 of age, each broiler in groups 

A, B, and C were challenged via oral gavage with 200,000 

sporulated oocysts of the prepared Eimeria spp. 

 

Grouping and treatment 

At the same time as the chickens got sick, the 

broilers were moved to cages following the completion of 

the second week and randomly gathered into groups. Four 

groups were isolated, with five repeats included eight 

chickens in each replicate. Herbal mixtures (Cocci Phyt®, 

Iran) are given to group A. It contains 75% Quercus 

infectoria with a minimum of 30% total tannin, 16% 
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Artemisia annua with a minimum of 0.02% artemisinin, 

and 9% Allium sativum with a minimum of 0.4% total 

phenol contents. Group B was treated with Monensin. 

Group A received an herbal mixture and group B received 

Monensin at the daily dose of 1 kg/ton of feed from the 

first day of age. Group C did not receive any treatment. 

Group D was not infected experimentally, and the 

chickens were clinically healthy during the experiment. 

 

Weighing chickens, measuring feed consumption, 

and calculating the feed conversion ratio 

All broiler chickens were weighed individually on 

the experiment’s first day and weekly until day 42. The 

daily feed consumption of each replicate was recorded 

after the challenge weekly, and the feed conversion ratio 

was calculated at the end of study as the proportion of 

average feed intake to average daily gain. 

 

Clinical signs and casualties 

All broiler chickens were monitored for clinical 

manifestations of coccidiosis, including reduced daily feed 

intake, lethargy, depression, feces status, and recumbency. 

Also, mortality rates throughout the experiment were 

recorded.  

 

Oocyst count 

To assess coccidial oocyst shed by chickens, oocyst 

per gram of feces (OPG) was counted using the McMaster 

method on days 5, 7, 9, and 11 after the challenge (Haug et 

al., 2006).  

 

Lesion score 

On day seven after the challenge, lesion scoring was 

performed using the method of Johnson and Reid (1970).  

For this reason, three broiler chickens from each replicate 

were slaughtered and evaluated for gastrointestinal lesions 

at the end of study period. Because the ingested Eimeria 

solution mostly contained Eimeria tenella, the cecum was 

selected for the autopsy and scoring lesions. The scoring 

system ranged from 0 to 4, in which 4 indicates the most 

damage to the intestinal. To get a score of zero, the 

chickens had to be in the best possible health without 

lesions. 

 

Statistical analysis 

The data relating to body weight of 42-day-old, FCR, 

and OPG were processed using ANOVA, coupled with the 

Tukey test (SPSS ® Software version 16).  P-value < 0.05 

was considered statistically significant for all the analyzed 

data. 

RESULTS 

 

Weight gain 

The mean body mass gain during the rearing period 

and feed conversion ratio are shown in (Table 2).  As 

expected, the highest weights were observed in group D, 

which did not get infected. There was no statistical 

difference between the mean body weights of chickens in 

groups A and B up to 35 days of age. Still, the mean was 

significantly higher in the herbal mixture-treated group at 

the end of the experiment on day 42 (p < 0.05). The feed 

conversion ratio (FCR) was significantly lower in groups 

A, B, and D compared to group C (p < 0.05), but no 

difference was observed between treated groups (p > 

0.05).  

 

Clinical signs 

The broiler chickens were perfectly healthy, and the 

feces consistency was standard on the day of the 

challenge. Two-day post challenge (DPC), blood clots 

were seen in the broiler chickens’ feces, but in terms of 

clinical signs and appetite, the broilers’ condition was 

normal. Bleeding in feces increased gradually for 2 days, 

and it was seen as bloody diarrhea finally. Bloody diarrhea 

and lethargy were observed in broilers in three DPC. 

Nevertheless, still, almost a third of the broiler chickens 

were clinically healthy. Reduced feed intake was observed 

on the fifth DPC and returned to normal on the 9th DPC. 

Most clinical signs and bloody diarrhea in chickens were 

improved in treated groups on the 9th DPC.  

 

Mortality rate 

Mortality rates in treated groups were identical, and 

the highest rate was related to the untreated challenged 

group (Table 3). Present results indicated that preventing 

coccidiosis could decrease mortality. 

 

Oocyst count 

Oocyst count was significantly lower in treated 

groups (p < 0.05), and no significant difference was seen 

between these groups (p > 0.05). The herbal mixture has 

been observed to reduce oocysts per gram of feces, as 

determined by counting the number of oocysts per gram of 

feces. A sharp decrease in fecal oocysts is observed in 

treated groups after 11 days, which is essential to stop 

parasite shedding in infected chickens. 

 

Lesion score 

The results showed no lesion in the intestines of 

group D. This group D scored zero, representing a healthy 
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gut. In group C, the majority of injuries, like hemorrhages 

and ulcers, were observed, as would be expected. Notably, 

the intestinal lesions score decreased in group A compared 

to group B, which showed perfect performance of the 

herbal mixture. 

 

Table 2. The mean body weight gains and feed conversion ratio of broiler chickens, before and after challenged with Eimeria 

spp. 

Average weight 

of group 

Age (Day) 
FCR 

1* 7* 14* 21** 28** 35** 42** 

A (g) 43.19±1.58 115±2.58 238.2±5.20 303.2±8.18 739.4±14.58 1403±20.15 2194±31.62a 2.65±0.16a 

B (g) 44.5±1.58 113±2.76 271.6±5.16 489.4±12.23 850.8±15.27 1327±18.79 2010±30.45b 2.55±0.15a 

C (g) 46.7±1.58 149±3.57 309±6.14 454.2±10.45 796.5±13.78 1202±17.89 1871±29.67b 2.92±0.18b 

D (g) 46.7±1.58 149±3.57 316±6.32 524.4±14.31 916.8±15.69 1482±21.70 2214±35.50a 2.46±0.14a 

A: Herbal mixture treated group. B: Monensin treated group. C: Untreated group. D: Unchallenged group. Values with different superscripts in a column 

differ significantly (p < 0.05). *: Days 1, 7, and 14 are before challenging broiler chickens with Eimeria spp. **: Days 21, 28, 35, and 42 are after challenging 

broiler chickens with Eimeria spp. 

 

Table 3. Oocyst per gram of feces, lesion score, and mortality rate of broiler chickens after challenging with Eimeria spp.  

Mortality (%) 
Mean score of 

lesion  

OPG (DPC) 
Groups 

11 9 7 5 

3 1.1±0.6b 505±4a 1080±16a 934±11a 530±16a A 

3 0.8±0.4ab 475±20a 950±36a 1048±81a 550±40a B 

10 2.6±.08c 12340±277b 17500±816b 17000±1061b 15600±816b C 

0 N N N N N D 
A: Cocci Phyt® treated and challenged group. B: Monensin treated and challenged group. C: Untreated and challenged group. D: Untreated and unchallenged 

group. Values with different superscripts in a column differ significantly (p < 0.05). N: Not seen; OPG: Oocyst per gram; DPC: Day post challenge. 

 
DISCUSSION 

 

Since 2006, the prophylactic use of anticoccidial 

chemicals as feed additives has been strictly limited in 

European countries. In this context, scientists examined 

natural compounds as potential anti-coccidiosis agents 

daily (Tewari and Maharana, 2011). Coccidial infections 

are associated with reduced weight gain and poor feed 

conversion ratio (Lillehoj and Lillehoj, 2000; Abebe and 

Gugsa, 2018). The findings showed that herbal mixtures 

could improve weight gain and feed conversion ratio 

(FCR), as no significant differences exist between treated 

and unchallenged groups. Furthermore, the highest mean 

weight gain in challenged groups was related to the herbal 

treatment group. Previous studies indicated the potential of 

Artemisia annua leaves in better weight gain and feed 

consumption due to high levels of crude protein, amino 

acids, vitamins, minerals, flavonoids, and antioxidants, 

which resulted (Brisibe et al., 2008; Brisibe et al., 2009). 

In addition, these compounds could help birds maintain 

their commensal microflora, enhancing digestion and 

absorption and improving immune response (Septembre-

Malaterre et al., 2020; Ekiert et al., 2021). Furthermore, 

the beneficial effects of Allium sativum on poultry 

performance have been shown in several studies 

(Navidshad et al., 2018; Ogbuewu et al., 2019). Allium 

sativum could improve feed conversion ratio (FCR) by 

modifying small intestine morphology in broiler chickens 

(Lee et al., 2016). There has been some evidence that 

tannins promote growth in monogastric animals by 

balancing their adverse effects on feed palatability and 

nutrient digestion with their antimicrobial, antioxidant, 

and anti-inflammatory activities and promoting the health 

status of an intestinal ecosystem  (Starčević et al., 2015; 

Huang et al., 2018). Immune responses during infection 

cause free radical production as a defense mechanism 

against Eimeria parasites; however, it damages host cells ( 

Masood et al., 2013). The antioxidant capacity of A. 

annua, A. sativum, and tannins could alleviate detrimental 

effects of oxidative stress in the gut and thus improve 

animal performance during coccidiosis in broiler chickens 

(Chung, 2006; Nahed et al., 2022). In the current study, 

the efficiency of herbal mixtures in reducing oocyst 

shedding and lesion score was comparable to Monensin, a 

widely used coccidiosis drug. Herbal formulation reduced 

oocysts shed in feces compared to the control group. 

These results align with the previous finding about the 

anticoccidial effects of Artemisia annua on broiler and 

layer chickens (Allen et al., 1997; Quiroz-Castañeda and 

Dantán-González, 2015; Muthamilselvan et al., 2016). The 
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A. annua anticoccidial activity was attributed to 

artemisinin, a sesquiterpene lactone containing an 

endoperoxide bridge (Acharya and Acharya, 2017). Del 

Cacho et al. (2010) reported a lower oocyst sporulation 

rate of E. tenella in chickens treated with pure artemisinin 

due to inhibition of sarcoplasmic–endoplasmic reticulum 

calcium ATPase (SERCA) expression in macrogametes 

(del Cacho et al., 2010). The SERCA plays a role in calcium 

homeostasis and affects the secretion of wall-forming bodies 

(Dragan et al., 2014). The inhibition effect of artemisinin on 

SERCA was shown in Toxoplasma gondii previously 

(Nagamune et al., 2007). Also, artemisinin facilitates the 

apoptosis of infected host cells and inhibits the inflammatory 

response against E. tenella infection (Jiao et al., 2018). There 

is little information about the anticoccidial effects of 

hydrolyzable tannins. In Tosi et al. (2013) study, chestnut 

hydrolyzable tannins could reduce Clostridium perfringens in 

the gut of broiler chickens challenged with E. tenella, E. 

acervulina, and E. maxima (Tosi et al., 2013). The 

anticoccidial activity of A. sativum was attributed to allicin. 

Allicin was shown to inhibit E. tenella replication in vitro 

(Alnassan et al., 2015). Various thiol-containing enzymes in 

microorganisms are inhibited by allicin when it interacts with 

the SH group on cysteine residues.  

 

CONCLUSION 

 

In conclusion, herbal drug containing Artemisia Annua, 

Quercus infectoria, and Allium Sativum could improve 

performance and have anti-coccidiosis effects on the 

broiler chickens challenged by Eimeria spp. To determine 

how effective this drug is for controlling coccidiosis in 

breeders, turkeys, and layer chickens, more research is 

needed, especially for drug residue in meat. It may be 

possible to develop new anticoccidial drugs by extracting 

active ingredients of Allium sativum, Artemisia annua, and 

Quercus infectoria. 
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ABSTRACT 
Sargassum binderi has been potentially used as laying hen feed since it contains bioactive compounds useful 

for poultry health. In addition, the high alginate content of S. binderi has made it inappropriate for the poultry 

diet. Therefore, the alginate content should be reduced before its use in poultry feed. This study aimed to 

reduce the alginate of S. binderi for use as laying hen feed. The experiment was performed in two phases in a 

completely randomized design. The first phase included heated S. binderi in the autoclave and the second 

phase entailed the immersion of S. binderi in whiting filtrate. The treatments in the physical method contained 

a control group, and four treatment groups heating for 15, 30, 45, and 60 minutes. The treatments in the 

chemical method had a control group and four treatment groups with immersion periods of 1, 2, 3, and 4 

hours. Each treatment was repeated five times, and the investigated parameters were crude protein, total dry 

matter, organic matter, ash, and alginate, respectively. The heating durations of S. binderi in an autoclave and 

different immersion periods of S. binderi in whiting filtrate did not significantly affect total dry matter, organic 

matter, ash, alginate, and crude protein. The results of this study showed that physical treatment (heat 

treatment) and chemical treatments (whiting filtrate immersion) did not have a significant effect on the 

alginate content, crude protein, ash, dry matter, and organic matter.  
 

Keywords: Alginate, Heating, Laying hen, Sargassum binderi, Whiting filtrate 
 

 

INTRODUCTION 
 

As a tropical region, Indonesian waters have seaweed 

germplasm resources of 6.42% of the world’s total 

seaweed biodiversity (Nofriya, 2015) with an area of 

12.123.383 ha, which is the habitat of seaweed or the 

largest in the world (Kementerian Kelautan dan Perikanan, 

2020). The total seaweed production in Indonesia reached 

9.746.946 tons (Fu, 2021). Seaweed is a marine resource 

that can be developed as a non-conventional feed 

ingredient for poultry. According to Jacob (2022) and 

Morais et al. (2020), seaweed can be used as animal feed.  

Advantages of seaweed are vitamin, mineral, fiber, 

and bioactive compound source (Mahata et al., 2015; 

Reski et al., 2022), sea instead of arable land-based 

production, and high productivity in terms of biomass 

produced per unit of surface area (Buschmann et al., 

2017). According to Mahata et al. (2015), S. binderi 

seaweed contains 6.93% crude protein, 7.76% crude fiber, 

20.89% alginate, 1.07% crude fat, 0.64% Ca, and 0.62% 

Phosphor. Brown seaweed is reported to contain bioactive 

compounds, such as alginate (Sanjeewa et al., 2017; 

Pereira and Cotas, 2020), fucoidan (Thanh et al., 2013; 

Laeliocattleya et al., 2020; Ponce and Stortz, 2020), 

fucoxanthin (Muradian et al., 2015; Zhang et al., 2015; 

Seo et al., 2016; Sulistiyani et al., 2021), and 

polyunsaturated fatty acids (PUFA; Carrillo et al., 2012; 

Siahaan et al., 2018). This bioactive substance exhibits 

stimulant, anti-inflammatory, antiviral, antibiotic, anti-

thrombin, anticoagulant, hypocholesterolemic, and anti-

thrombin actions (Pal et al., 2014; Hakim and Patel, 2020). 

Nonetheless, the inclusion of seaweed in animal diets is 

hampered by the high content of ash and poorly digestible 

carbohydrates (Sharma et al., 2018), high content of salt 

(Dewi et al., 2018; Reski et al., 2020), low digestibility 

(Bikker et al., 2016, 2020), limited shelf life (Paull and 

Chen, 2008; Stevant et al., 2017), and high cost of 
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production (van den Burg et al., 2013). To address some of 

these disadvantages, seaweed can be immersed in water to 

reduce the ash (minerals + sand + salt) content outside the 

leaves (Dewi et al., 2018)    

Alginate in brown seaweed is an abundant 

polysaccharide that reaches 25-45% dry weight (Rinaudo, 

2014). The alginate content in poultry rations is limited 

because it will bind nutrients and inhibit the absorption of 

food substances in the digestive tract, interfering with the 

performance of poultry production. However, the right 

alginate concentration in the ration will trap fat and 

cholesterol in the digestive tract, then alginate and fat are 

excreted with the feces to reduce the fat content in the 

body and eggs of poultry (Dewi et al., 2023). Mushoilaeni 

et al. (2015) reported that giving alginate 0.75-1% to rats 

reduced serum cholesterol by 53%. 

Processing S. binderi seaweed to reduce its alginate 

content can be done by physical methods, such as heat 

treatment. Several researchers have carried out this 

processing method. Processing of seaweed Sargassum spp. 

and S. dentifebium with physical methods using heat 

treatment have been reported by Al-Harthi et al. (2011), 

El-Deek et al. (2011), and Al-Harthi and El-Deek (2012). 

Physical methods affect the decrease in viscosity and 

depolymerization of alginate. According to Mishra (2019), 

the decrease in alginate viscosity is influenced by 

temperature, alginate concentration, and heating time. In 

addition to using physical methods, alginate can also be 

derived using chemical methods, such as soaking with the 

whiting filtrate. Mishra (2019) reported that an alkaline 

solution could degrade alginate. Furthermore, alginate in 

an alkaline media would be broken down by an 

elimination reaction catalyzed by OH- to produce 4,5-

unsaturated uronic acid. Heating and soaking treatment 

with whiting water filtrate is easy to do and inexpensive. 

The following is information about how processing 

S. binderi seaweed physically and chemically affects the 

amount of alginate it contains and how this affects the 

nutritional value of the seaweed. The main objective of 

this study was the reduction of the alginate content of S. 

binderi seaweed before being used in the poultry diet. 

 

 

MATERIALS AND METHODS 

 

Preparation of Sargassum binderi seaweed 

samples 

The simple random sampling technique was utilized 

to obtain S. binderi seaweed samples from Sungai Nipah 

Coast, Pesisir Selatan Regency, West Sumatra, Indonesia, 

which were then composited into one. All parts of this 

seaweed were taken (talus, bladder, and holdfast). 

Furthermore, this seaweed was bathed in flowing water for 

15 hours to minimize its salt content, and the seaweed was 

ready for treatment. 

 

Heating Sargassum binderi  

The S. binderi seaweed was soaked in running water 

for 15 hours, weighed as much as 200 g for each 

treatment, and then put into a plastic bag. Afterward, it 

was steamed in an autoclave with a hot steam pressure of 2 

atm and a temperature of 121
o
C. The time of applying hot 

steam pressure was adjusted according to the length of 

treatment time. After the procedure was finished, the 

seaweed was taken from the autoclave and allowed to cool 

in the open air for 20 minutes before being dried in a 60°C 

oven until the moisture content was roughly 14%. The 

current study used a completely randomized design with 

five treatments containing a control group and four 

treatment groups heating for 15, 30, 45, and 60 minutes. 

Each treatment group has five replicates. 

 

The immersion of Sargassum binderi  

The S. binderi seaweed was soaked in flowing water 

for 15 hours and weighed as much as 200 g for each 

treatment. This seaweed was immersed in a 0.07% whiting 

filtrate with a pH of 12. The seaweed was soaked 

according to the duration of the immersion treatment. 

After the soaking process was completed, the seaweed was 

removed from the area and then dried in an oven at 60°C 

until the water content was approximately 14%. This 

experiment was conducted using a completely randomized 

design with five treatments containing a control group and 

four treatment groups with immersion periods of 1, 2, 3, 

and 4 hours. Each treatment group has five replicates.  

 

Sample preparation and analysis 

After S. binderi seaweed was processed by physical 

(heat treatment) and chemical methods (soaking in whiting 

filtrate), the dried seaweed was finely ground into powder. 

After physical and chemical treatment, the seaweed 

powder was ready to be analyzed for the content of total 

dry matter, organic matter, ash, alginate, and crude 

protein. 

 

Parameters 

Alginate was analyzed using the method of Dewi et 

al. (2019). Dry matter, organic matter, ash, and crude 

protein were assessed using the AOAC method (1990). 
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Analysis of alginate content 

One gram of dried seaweed was soaked in 10 ml of 

0.5% HCl for 30 minutes, followed by immersion in 10 ml 

of 0.5% NaOH for 30 minutes. Then, the sample was 

extracted with 10 ml of 7.5% Na2CO3 at 50°C for 2 hours 

in a water bath. The next step was filtering the sample. 

Furthermore, the filtrate obtained was precipitated by 

adding 10 ml of 5% HCl, then 10 ml of NaCl was added to 

oxidize the seaweed pigments or color carrier groups. 

After that, the gel formed was vortexed and separated 

using a centrifuge for 15 minutes at a speed of 3500 rpm. 

The gel precipitate obtained was dissolved with 10 ml of 

5% NaOH to convert alginic acid into alginate salt, after 

which it was precipitated with 95% isopropanol solution to 

form alginate salt. The precipitate was dried at 60°C and 

weighed until a constant weight was obtained. Content 

analysis of the dry matter, organic matter, ash, and crude 

protein used proximate analysis (AOAC, 1990). 

 

Data analysis 

Data were analyzed by analysis of variance using the 

WPS Excel-Statistics 2022 software (version 

11.2.0.11254) for a completely randomized design. Before 

analysis, all percentages were subjected to logarithmic 

transformation log10 x + 1 to normalize data distribution. 

Mean values for each treatment were further tested by 

Duncan Multiple Range Test (DMRT), and the 

significance was declared when p < 0.05. 

 

RESULTS AND DISCUSSION 

 

Processing of Sargassum binderi seaweed by using 

heat treatment 

The average content of dry matter, organic matter, 

ash, alginate, and crude protein of S. binderi seaweed 

treated by heat treatment is shown in Table 1. 

The results of the analysis of variance showed that 

the application of heat treatment had a significant effect (p 

< 0.05) on the total dry matter content and a very 

significant effect (p < 0.01) on the content of organic 

matter, ash, and crude protein. However, it had no 

significant effect on the alginate content of S. binderi 

seaweed (p > 0.05). Based on the results of the DMRT 

further test, the total content of dry matter, organic matter, 

ash, and crude protein of S. binderi seaweed that was not 

treated with heat treatment (control) was significantly 

different (p < 0.05) from S. binderi seaweed which was 

not treated. Alginate content of the control and treatment 

was not significantly different (p > 0.05). There was no 

significant difference among the treatments (15, 30, 45, 

and 60 minutes of heating) in terms of dry matter, organic 

matter, ash, alginate, and crude protein (p > 0.05). 

 

 

Table 1. Effects of Sargassum binderi seaweed processing by a physical method on total dry matter, organic matter, ash, 

alginate, and crude protein  

Heating treatment  

(minute) 

Total dry matter in 

fresh weight (%) 

Organic matter 

(%) 

Ash  

(%) 

Alginate  

(%) 

Crude protein 

(%) 

Control 11.74a 81.52b  18.48a  41.98  14.49b  

15 10.49b  83.21a  16.79b  39.80  16.00a  

30 10.51b  83.24a  16.76b  40.16  15.58a  

45 10.74b  83.66a  16.34b  41.52  15.70a  

60 10.73b  83.62a  16.38b  40.86  15.89a  
a,b Different superscript letters in the same column show significantly different (p < 0.05) 

 

As can be seen in Table 1, dry matter was lower in 

heat treatments, compared to the control. The heat 

treatment led to the loss of some nutrients, such as 

vitamins, crude fats, dyes (fucoxanthin), and some 

minerals in seaweed. Similarly, previous studies indicated 

negative effects of heat treatment, including loss of 

vitamins (Jakobsen and Knuthsen, 2014; Lee et al., 2018), 

crude fat (Barszcz et al., 2014; Mosisa, 2017), and ash 

(Mosisa, 2017). In addition, fucoxanthin in seaweed is also 

damaged by heating, as described by Oryza (2011) and 

Susanto et al. (2017). According to Zhang et al. (2015), 

fucoxanthin is the dominant pigment in brown seaweed, 

and high temperatures easily damage this pigment. The 

results reported by Yip et al. (2014) indicated that 

fucoxanthin was stably stored at 4-25°C, and Oryza (2011) 

stated that fucoxanthin was relatively stable at 80°C for an 

hour and was damaged above 100°C. 

Seaweed heat treatment for 15, 30, 45, and 60 

minutes contained lower ash and higher organic matter 

than seaweed without treatment (control). It could be 

influenced by the heat application process, which causes 

the loss of some of the minerals contained in the seaweed. 
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The results of this study agree with those of Mosisa 

(2017), as the ash content for all treatments (dehulled 

traditional cooking, traditional unhulled cooking, dehulled 

pressure cooking, and unhulled pressure cooking) on black 

climbing (Phaseolus coccineus L.) generally decreased. 

This study indicates that minerals such as calcium, 

phosphorus, iron, and zinc are lost during the heating 

treatment process. Udensi et al. (2010) reported that heat 

treatment (autoclaving) on Mucuna flagellipes caused the 

ash content to decrease. The heat application causes a 

weakening of the bond structure, and the texture hardens 

(Sharma et al., 2012). This is thought to cause the loss of 

some minerals during the heating process. The decreased 

ash content caused the percentage of seaweed organic 

matter to increase in this treatment. 

The heating treatment of seaweed for 15, 30, 45, and 

60 minutes caused the crude protein content to be higher 

than the crude protein of seaweed without heating 

treatment. The decrease could influence the percentage of 

seaweed ash content treated with heating, increasing the 

percentage of organic matter and crude protein. In 

addition, the increased crude protein content is also 

influenced by the characteristics of the seaweed crude 

protein, which is not easily damaged by heating treatment. 

Deniaud-Bouët et al. (2017) reported that proteins and 

glycoproteins are a number of additional components of 

brown algal cell walls. Furthermore, they explained that 

brown seaweed protein combines with other components, 

namely alginate, fucoidan, and cellulose. Therefore, the 

percentage of crude protein in this study increased after 

being given heating treatment. According to Cascais et al. 

(2021), heat could alter protein yield in specific species 

and affect other species differently. 

The alginate content of unprocessed seaweed 

(control) and heat treatment for 15, 30, 45, and 60 minutes 

was not significantly different (p > 0.05). Likewise, the 

treatment duration of heating for 15, 30, 45, and 60 

minutes was not significantly different (p > 0.05) 

concerning the alginate content. Factors influencing 

alginate degradation are temperature and heating methods 

(steaming, hot steam pressure, and roasting). For heat 

stress treatment in the current study, an autoclave with a 

temperature of 121
o
C and a pressure of 1 atm were used. It 

is estimated that this temperature could not degrade 

alginate, even though the length of heat treatment was 

extended to 60 minutes. The results found in the current 

study were in accordance with the results found by 

Widyastuti (2009) that alginate melted at 121.77-

123.11
o
C. The results of the present study were also in 

accordance with the study results found by Aida et al. 

(2010) that alginate can be dissociated into 

oligosaccharides by heating treatment at a temperature of 

180 to 260°C with an alginate and water ratio of 1:25 

(w/v). Therefore, the alginate contained in seaweed in this 

study cannot be dissociated. It is estimated that the heating 

temperature which was given for each treatment was still 

below the minimum temperature level to dissociate 

alginate; thus, this temperature level cannot dissociate 

alginate. According to Yuliani and Hartati (2011), the 

effect of temperatures of 150°C for 60 minutes indicates 

Ca-alginate depolymerization. Sartal et al. (2012) also 

reported that alginate could not melt during the heating 

process. 

The heating treatments of seaweed for 15, 30, 45, 

and 60 minutes were not significantly different on dry 

matter, organic matter, ash, alginate, and crude protein of 

seaweed (p > 0.05). Processing material with hot steam 

pressure only causes changes in the chemical structure and 

does not change the chemical composition (Murni et al., 

2008). Furthermore, Maehre et al. (2016) stated that 

heating treatment increased the protein availability of 

dulse red grass (Palmaria palmate) but not brown kelp 

seaweed (Alaria esculenta). Furthermore, it can be stated 

that heating seaweed causes partial or complete protein 

denaturation; thereby, this process facilitates the enzyme 

reaction in the digestive tract and increases protein 

utilization. 

Although this heat treatment did not affect the 

nutritional content, it improved its quality as a poultry feed 

ingredient to positively affect the livestock, which was in 

line with findings reported by Hwang et al. (2012). The 

positive effects of heating include increasing the 

availability or quality of nutrients and inhibiting anti-

nutrients. According to Maehre et al. (2016), heat 

treatment increases protein utilization in the red seaweed 

dulse (Palmaria palmata). Similarly, El-Deek et al. (2011) 

is of the opinion that processing methods, such as 

autoclaving and boiling, can improve the quality of 

foodstuffs, such as seaweed, by affecting fiber and nutrient 

availability. They reported that seaweed processing by this 

method improved the nutritional value and production 

performance of chickens compared to raw products. 

Processing with the autoclave method produces better 

nutrition, positively affecting livestock production 

performance (Al-Harthi et al., 2011). 

 

Processing of Sargassum binderi seaweed by using 

the whiting filtrate 

Table 2 shows the average content of total dry 

matter, organic matter, ash, alginate, and crude protein of 
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S. binderi seaweed treated by soaking seaweed in the 

whiting filtrate. 

The results of the analysis of variance showed that 

the treatment of soaking seaweed in whiting filtrate had a 

significant effect on the total dry matter content and crude 

protein (p < 0.05) and an insignificant effect on the 

organic matter content, ash, and seaweed alginate (p > 

0.05). Based on the results of the DMRT further test, the 

total dry matter and crude protein content of seaweed that 

was not treated with long soaking in the whiting filtrate 

(control) were significantly different (p < 0.05) with the 

treatment duration of immersion for 1, 2, 3, and 4 hours. 

However, there were insignificant differences among the 

groups in terms of organic matter, ash, and seaweed 

alginate (p > 0.05). The treatment duration of immersion 

in the whiting filtrate solution for 1, 2, 3, and 4 hours was 

not significantly different in the total dry matter, organic 

matter, ash, and alginate (p > 0.05), but the crude protein 

was significantly different among the treatments (p < 

0.05). 

 

Table 2. Effects of processing Sargassum binderi seaweed by a chemical method on total dry matter, organic matter, ash, 

alginate, and crude protein 

Soaking time treatment 
Total dry matter in 

fresh weight (%) 

Organic matter 

(%) 

Ash  

(%) 

Alginate  

(%) 

Crude protein 

(%) 

Control 11.74a 81.48 18.52 41.98 14.49c 

Group 1 10.19b 80.88 19.12 44.63 15.16b 

Group 2 10.23b 81.08 18.92 43.33 15.53ab 

Group 3 10.34b 80.95 19.05 44.62 15.51ab 

Group 4 10.48b 81.82 18.18 44.66 15.93a 

a,b Different superscript letters in the same column show significantly different (p < 0.05) 

 
The total dry matter content of S. binderi seaweed 

after being treated for 1, 2, 3, and 4 hours of immersion in 

whiting filtrate showed a decrease. This decrease in total 

dry matter is thought to be caused by the dissolution of 

some inorganic seaweed materials, such as salt, sand, or 

other impurities that are still attached to the seaweed. In 

addition, the immersion also causes the dissolution of 

water-soluble vitamins, namely vitamins B and C. 

Therefore, the total dry matter content of S. binderi 

seaweed, which is treated by immersion in whiting filtrate, 

decreases at different soaking times, showing differences 

in the total dry matter content. Similarly, Martinson et al. 

(2012), Mack et al. (2014), and Giannakourou and Taoukis 

(2021) found that immersion treatment affects the loss of 

water-soluble macro minerals. Furthermore, Longland et 

al. (2014) stated that hay soaked in water caused the loss 

of some minerals and vitamins during the soaking process. 

Salt is an easily soluble compound in water (Nelson and 

Cox, 2013; Dewi et al., 2018). According to Hastuti et al. 

(2013), Vitamin C is unstable in alkaline solutions. In the 

current study, the whiting filtrate is an alkaline solution 

with a pH of 12, causing damage and dissolution of 

Vitamin C in the whiting water filtrate so that it impacts 

reducing the total dry matter of seaweed. The results of the 

current study were in accordance with the results found by 

Aregawi et al. (2014), indicating that sesame straw treated 

with 3% Ca2(OH)2, which is alkaline, caused the decrease 

of dry matter content from 89.7% to 76.6%. 

The organic matter, ash, and alginate content of S. 

binderi seaweed had no effect after being treated with 

different immersion times in whiting filtrate. The reason 

can be that the concentration of whiting (0.07%) used to 

reach pH 12 is too low, even though the pH of the whiting 

filtrate has met the requirements as an alkaline solution 

predicted to decompose alginate. However, the filtrate 

concentration of 0.07% whiting water is thought to be 

classified as the weak base and has not been able to loosen 

alginate bonds or degrade alginate in seaweed. According 

to Owen et al. (1984), calcium hydroxide or Ca (OH)2 is a 

weak base compared to NaOH, and the treatment 

conditions determine its effectiveness. The weak base 

treatment of Ca (OH)2 to be more effective for degrading 

crude fiber from rice straw takes a longer and higher 

reaction time and dose (Trach et al., 2001). According to 

Anjalani et al. (2013), the effectiveness of the Ca (OH)2 

treatment on the nutritional content of palm leaves was 

due to the short duration and the low dose level. 

The crude protein content of S. binderi seaweed 

increased along with the duration of soaking the seaweed 

in the whiting filtrate. Increasing the crude protein of 

seaweed after immersion with whiting filtrate is the same 

as the mechanism of increasing the crude protein of 
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seaweed after immersion in running water to reduce the 

salt content of the seaweed. 

 

CONCLUSION 

 

The results of the current study showed that physical 

treatment (heat treatment) and chemical treatments 

(whiting filtrate immersion) did not significantly affect the 

alginate content, crude protein, ash, dry matter, and 

organic matter. Based on the findings, it is recommended 

that the temperature level should be increased and the 

alkaline source should be changed by other strong alkaline 

sources in future studies. 
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ABSTRACT 
Necrotic enteritis (NE) is a common worldwide poultry disease caused by the bacterium of Clostridium 

perfringens (C. perfringens) which has significant economic losses in the poultry industry as well as the cost 

of treatment and preventive measures. The current study was conducted to evaluate the incidence of NetB 

toxin positive in C. perfringens on different farms in Egypt. In the years 2020 and 2021, on industrial broiler 

farms (15-45 days- old), 100 intestinal samples were collected consisting of 30 healthy Ross broiler chickens 

and 70 unhealthy Ross broiler chickens. Culture and biochemical characterization (Catalase, urease, sugar 

fermentation, gelatin liquefaction, nitrate reduction, and lecithinase reaction tests) confirmed that C. 

perfringens was isolated at a rate of 10% (3/30) from apparently healthy broiler chickens and 40% from 

unhealthy broiler chickens. Thirty-one isolates were tested for toxigenicity and typing by ELISA kits and the 

results showed that 80% of the isolates from unhealthy broiler chickens were C perfringens type A alpha-toxin 

(toxigenic), 20% were non-toxigenic, and 66.7% isolates from apparently normal broiler chickens were 

toxigenic. The same thirty-one (44%) C. perfringens isolates were detected by PCR to investigate the presence 

of the NetB toxin gene in apparently healthy and unhealthy broilers and subsequently detect the role of NetB 

toxin in inducing NE. Of the samples, 82% of the isolates from unhealthy chicks were found to incode NetB 

gene, while none of the isolates from healthy broiler chickens had NetB. Clostridium perfringens showed 

sensitivity to amoxicillin, amoxicillin with clavulanic acid and ampiclox, intermediate for ofloxacin, and high 

resistance to cephalexin, streptomycin, colistin sulfate, erythromycin, sulfa trimethoprim, gentamycin, and 

oxytetracycline. The present study revealed the importance of NetB gen in the appearance of clinical signs of 

NE in broiler chickens. 
 

Keywords: Alpha toxin, Antibiotic sensitivity test, Clostridium perfringens, Necrotic enteritis, NetB 

 

 

INTRODUCTION 
 

Necrotic enteritis (NE), as a major global threat, is an 

enteric disease caused by Clostridium perfringens 

(C.perfrengens) type A and C, contributing to economic 

losses (Jesudhasan et al., 2021). Several experimental 

studies investigate the induction of NE occurred mainly by 

C. perfringens which is Net B positive rather than alpha-

toxin (Keyburn et al., 2013). NetB is a crucial virulence 

determinant in a C. perfringens strain isolated from NE. 

The toxin shared only 38% amino acid sequence identity 

with two other pore-forming toxins, beta-toxin, and 

Staphylococcus aureus alpha-toxin (Mohiuddin et al., 

2021). 

Clostridium perfringens is a Gram-positive, 

anaerobic bacilli bacterium, spore-forming found in nature 

as a normal flora in animals and humans’ gastrointestinal 

tracts (Mora et al., 2020). Alpha, beta, epsilon, and iota are 

four typing of C. perfringens from A to G based on the 

ability to produce toxins (Sarmah et al., 2021). More than 

15 toxins are produced by C. perfringens, including 

collagenase (κ-toxin), Clostridium perfringens enterotoxin 
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(CPE), bacteriocin adhesins, proteolytic enzymes, 

collagenolytic enzymes, and tpel (Uzal et al., 2014). The 

largest class of bacterial protein toxins is pore-forming 

toxins, which include perfringolysin O, NetB toxin, beta2 

toxin, and enterotoxin (Lee and Lillehoj, 2022). Pore-

forming toxins are a common mechanism of cell death as 

it generates pores to access the enterocytes (Lee and 

Lillehoj, 2022). 

Clinical NE is distinguished in poultry by a 

significant increase in mortality without warning signs, 

whereas subclinical NE is distinguished as depressed and 

having diarrhea with low performance, high feed 

conversion ratio (FCR), and poor weight gain (Broom, 

2017; Tsiouris, 2016). Diarrhea is sometimes associated 

with acute NE, but not always, although water-to-food 

ratios may be increased (Calefi et al., 2014). Gross lesions 

in small intestines were ballooned, friable, and contained 

brown blood-tinged fluid with a foul odor. Furthermore, 

the mucosa of infected poultry is covered by a tan-to-

yellow pseudo-membrane resembling a “Turkish towel” 

(Hofacre et al., 2018).  

These bacteria require predisposing factors as the 

most well-known risk infectious factor is coccidiosis 

which induces mucosal damage to the gut epithelium 

(Moore, 2016), facilitating C. perfringens colonization and 

proliferation (Kaldhusdal et al., 2021). Concurrently, the 

damage can cause ruptured epithelial cells to release 

plasma proteins into the lumen of the gut, which serves as 

a rich nutrient as it includes more than 11 amino acids that 

represent growth factors and vitamins for C. perfringens. 

(Mora et al., 2020). Moreover, Eimeria infection causes a 

mucogenic response in the host, resulting in the production 

of mucous, leading to C. perfringens growth (Moore, 

2016). In addition to that, poultry infection by 

coccidia may cause immunological stress, making them 

more susceptible to C. perfringens infection (Boulianne et 

al., 2020).  

Furthermore, as a nutritional factor, the diet was rich 

in indigestible, water-soluble non-starch polysaccharides 

(NSP), including rye, wheat, and barley, known to 

increase intestinal viscosity (Boulianne et al., 2020). 

Indigestible water-soluble non-starch polysaccharides 

could also leave undigested nutrients available for 

microbial proliferation and engage with glycoproteins on 

the intestinal epithelium to increase mucin production, 

thus also encouraging C. perfringens overgrowth. High 

protein of animal sources diets, particularly those based on 

fishmeal, provide an abundance of nutrients, including 

specific amino acids that C. perfringens cannot synthesize, 

causing an increase in bacterial growth (Yang et al., 2019). 

Moreover, gizzerozine, a biogenic amine observed in 

fishmeal, has been linked to broiler chicken alimentary 

tract erosion (Wu et al., 2014). In addition, adding 

fishmeal to the diet has an adverse effect as it destabilizes 

and alters the underlying gut microbial population, which 

predisposes to NE in broiler chickens (Moore, 2016).  

Furthermore, management factors, such as acute diet 

changes, high-density broiler chickens housing, and 

extreme environmental temperatures, are also important 

risk factors for NE (Antonissen et al., 2014).  

According to new research on the NetB toxin, 

immune responses to the toxin can provide some 

protection against NE (Prescott et al., 2016). NetB toxin is 

fully accountable for necrotizing tissues, causing 

perforations in epithelial cell membranes, destruction, and 

bowel leakage (Adhikari et al., 2020). The present study 

was conducted to investigate whether NetB is an essential 

factor for inducing NE in broiler chickens. 

 

MATERIALS AND METHODS 

 

Ethical approval 

The animal use protocol in this study was approved 

by the Institutional Animal Care and Use Committee (022-

374). 

     

Sampling methods 

From the broiler chicken farms of Egypt that are 

reared in a deep litter system for meat production, and had 

a high mortality rate of above 15%, at the age of 2-4 

weeks, a hundred intestinal samples were collected (70 

from unhealthy Ross broiler chickens, and 30 from 

apparently healthy Ross broiler chickens). Broiler 

chickens were clinically examined for observation of 

clinical signs and gross lesions related to NE under the 

supervision of the farms` veterinarians. Unhealthy broiler 

chickens suffered from depression, diarrhea, and a low 

growth rate. Samples were collected after a post-mortem 

examination of the intestine and taken by sterilized 

forceps. Samples were transported to the laboratory in an 

ice box immediately.  

 

Isolation and identification of Clostridium 

perfringens  

Samples were inoculated in cooked meat media and 

incubated in a Gas pack anaerobic gar at 37°C with 

anaerobe kits (Oxoid, India) for 24 hours. The cultures 

were then cultivated onto 10% sheep blood agar 

supplemented with 200 µg/ml neomycin sulfate and then 

incubated anaerobically at 37°C for 24 hours. Colonies 
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with a transparent double zone of hemolysis were 

presumptive and identified by biochemical methods. 

Catalase, urease, sugar fermentation, gelatin liquefaction, 

nitrate reduction, and lecithinase reaction tests were used 

(Rana et al., 2023).  

 

Typing of Clostridium perfringens 

Sandwich the enzyme-linked immunosorbent 

assay (ELISA) kits (Bio-X Diagnostics, Belgium) were 

used to detect C. perfringens typing (Alpha, Beta, and 

Epsilon toxins) in 31 isolates from culture supernatants 

(28 isolates from dead broiler chickens and 3 from 

apparently heavy ones) according to the manufacturer’s 

instructions as a new alternative method for detection 

typing and toxinogenicity of C. perfringens. Specific 

monoclonal and polyclonal antibodies against C. 

perfringens (Alpha, Beta, and Epsilon toxins), as well 

as a monoclonal antibody specific for a structural 

protein of this bacterium, were immobilized. These 

antibodies could capture specific toxins or bacteria that 

may be present in the sample culture. 

 

Detection  of NetB  

Bacterial DNA was extracted from bacterial cultures 

overnight using the QIAamp DNA extraction Mini Kit 

(Indian) according to the manufacturer’s instructions. 

Oligonucleotide primers (F: 

GCTGGTGCTGGAATAAATGC and R: 

TCGCCATTGAGTAGTTTCCC) (Metabion AG, 

Germany) targeting the NetB gene of CP were used. The 

PCR of 20 µl consisted of 10 µl of 2X PCR Mix (Thermo 

Scientific™, USA.), 1 µl of each forward and reverse 

primer, 5 µl of template DNA, and 3 µl of PCR grade 

water. The first denaturation at 95°C for 5 minuts was 

followed by 35 cycles of denaturation at 94°C for 30 

seconds, annealing at 55°C for 30 seconds, and extension 

at 72°C for 1 minute. Amplicons (383bp) were separated 

on 1.5 percent agarose gel (Sigma, USA) and 

photographed using an ultraviolet (UV) Tran illuminator 

(Keyburn et al., 2010). 

 

Antimicrobial susceptibility testing  

The disc diffusion technique was used on Muller 

Hinton agar plate to test commercially prepared, fixed 

concentration paper antibiotic disc (Ampiclox, amoxicillin 

with clavulanic acid, amoxicillin, and tetracycline, 

streptomycin, colistin sulfate, chloramphenicol, sulfa-

trimethoprim, gentamycin, ofloxacin, and oxytetracycline 

Oxoid Corporation, UK). Plates were incubated 

anaerobically at 37°C in a Gas Park anaerobic jar for 24 

hours (Algammal and Elfeil, 2015). The diameter of the 

zone is closely linked to the sensitivity of the isolate and 

the rate of drug diffusion through the agar medium, and 

the zone of the diameter of each drug is interpreted using 

the clinical laboratory standard NCCLS criteria (Reller et 

al., 2009) or those included in the United State Food and 

Drug Administration. 

 

 

RESULTS 

 

Isolation and identification of Clostridium 

perfringens  

Microbiological and molecular methods were used to 

screen 100 broiler chickens (70 unhealthy broiler chickens 

and 30 randomly selected from a healthy flock of broilers). 

Isolation of C. perfringens on blood agar forms a double 

zone of hemolysis (Figure 1).   

 

 

 
Figure 1. Cultivation of Clostridium perfringens on blood 

agar 

 

Prevalence of Clostridium perfringens  

An investigation of 100 intestinal samples (30 

from healthy broiler chickens and 70 from freshly dead 

broiler chickens suffered from severe dehydration, 

dilatation of the small intestine, and necrosis showed 

that the prevalence of C. perfringens was 10% (3/30) in 

extremely healthy broiler chicken and 40% (28/70) in 

dead cases according to culture and biochemical tests as 

in Table 1.  
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Typing of Clostridium perfringens  

According to culture and biochemical 

identification of C. perfringens, 31 isolates were typed 

by sandwich ELISA kits (28 isolates were from dead 

broiler chickens and 3 from apparently healthy ones). It 

was revealed that 22 isolates were positive for C. 

perfringens type A alpha-toxin from dead broiler 

chickens, while 2 healthy broiler chickens were positive 

for alpha toxin (Table 2). 

 

Detection of  NetB toxin  

NetB gene 82% (23/28) isolates from unhealthy 

broiler chicken had been NetB positive and 3 apparently 

normal isolates were NetB negative, as shown in figures 2 

and 3, respectively, and Table 3. Typing of 31 C. 

perfringens isolates using ELISA test revealed that  80% 

of isolates from unhealthy broiler chicken were type A 

(positive for the alpha toxin). Moreover, 66.7% of healthy 

chickens were positive for alpha toxin type A.  

 

Table 1. Incidence of Clostridium perfringens in healthy 

and unhealthy broiler chickens in Egypt 

Groups of broiler 

chicken 

Incidence 

(Number) 
Percent (%) 

Unhealthy (70) 28 40 

Healthy (30) 3 10 

Total (100) 31 31 

 

 

Table 2. Typing of Clostridium perfringens according 

to the collected samples from the small intestines of 

broiler chickens in Egypt 

Number of Clostridium 

perfringens isolates 

ELISA 

Alpha 

positive 

Percentage 

(%) 

Unhealthy broiler chicken (28) 22 80 

Healthy broiler chicken (3) 2 66.7 

 

 

Table 3. Detection of NetB from broiler chickens in Egypt 

Groups 

NetB gene 

Number 
Percentage 

(%) 

Unhealthy broiler chicken (28) 23 82 

Healthy broiler chicken (3) 0 0 

 
Figure 2. Detection of NetB from unhealthy broiler 

chickens in Egypt using PCR. Lane 1: 100bp pair DNA 

ladder, Lane 2 to 9 isolates are C. perfringens NetB-positive, 

Lane 10: control negative, Lane 11: control positive.  

 

 

 
Figure 3. Detection of NetB from healthy broiler chickens 

in Egypt using PCR. Lane 1 to 3 isolates from apparently 

healthy broiler chicken are C. perfringens NetB- negative.  

 

Antimicrobial susceptibility testing  

Clostridium perfringens showed sensitivity at 100% 

to amoxicillin, amoxicillin with clavulanic acid and 

ampiclox, intermediate at 100% for ofloxacin, and high 

resistance to cephalexin (82%), streptomycin (100%), 

colistin sulfate (100%), erythromycin at (100%), sulfa 

trimethoprim (100%), gentamycin (100%), and 

oxytetracycline (89%; Oxoid, UK) according to the 

diameter of zone of inhibition as shown in Table 4. 
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Table 4. Antibiogram profile of the Clostridium perfringens isolates 

 Antibiotics and concentarion 

isolates 
AML

25 µg 

AMC 

30 µg 

AX 

30 µg 

OFX 

5 µg 

CL 

30 µg 

S 

10 µg 

CT 

10 µg 

E 

15 µg 

SXT 

25 µg 

CN 

30µg 

OT 

30µg 

CP.EGY4 S S S I S R R R R R R 

CP.EGY5 S S S I S R R R R R I 

CP.EGY9 S S S I I R R R R R R 

CP.EGY12 S S S I R R R R R R R 

CP.EGY18 S S S I R R R R R R R 

CP.EGY22 S S S I R R R R R R R 

CP.EGY24 S S S I R R R R R R R 

CP.EGY27 S S S I R R R R R R R 

CP.EGY29 S S S I R R R R R R I 

CP.EGY31 S S S I R R R R R R R 

CP.EGY34 S S S I R R R R R R R 

CP.EGY35 S S S I R R R R R R R 

CP.EGY53 S S S I R R R R R R R 

CP.EGY57 S S S I R R R R R R R 

CP.EGY62 S S S I R R R R R R R 

CP.EGY64 S S S I R R R R R R R 

CP.EGY69 S S S I R R R R R R R 
AML: Amoxicillin, AMC: Amoxicillin with clavulanic acid, AX: Ampiclox, OFX: Ofloxacin, CL: Cephalexin, S:  Streptomycin, CT: Colistin sulfate, E: 

Erythromycin, CN: Erythromycin Gentamycin, OT: Ox tetracycline, SXT: Sulfa trimethoprim. S: Sensitive, I: Intermediate, R: Resistance 

 

DISCUSSION 

 

Necrotic enteritis is an acute enterotoxemia affecting 

poultry caused by C. perfringens and characterized by 

severe depression followed quickly by an asudden increase 

in flock mortality. Unhealthy broiler chickens showed 

ruffled feathers and diarrhea before death. The gross 

lesions were found in the small intestine, which was 

ballooned, friable, and contained brown fluid. 

Furthermore, the mortality rate may reach 50%.   

Presumptive diagnosis in the current study is based on 

gross lesions, culture characters, microscopic examination, 

and biochemical tests. More importantly, C. perfringens is 

responsible for subclinical infections associated with 

chronic intestinal mucosa damage, resulting in reduced 

weight gain and low-performance and consequently 

significant economic losses (Hofacre et al., 2018). The 

present study confirmed the importance of NetB as a 

major virulence factor in the appearance of symptoms in 

NE as the rate of isolation of C. perfringens was higher in 

unhealthy broiler chickens than that of healthy ones (40 

percent and 10%, respectively), which agrees with Rizk et 

al. (2020), indicating a high occurrence 70% of C. 

perfringens in unhealthy broiler chickens of NE but a 

lower incidence in healthy broiler chickens (22%).  

In the present study, detection of the NetB gene 

using PCR  revealed that out of 28 isolates of unhealthy 

ones, 23 were found to encode the NetB toxin gene 82% 

meanwhile. None of the isolates from healthy broiler 

chickens had the NetB toxin gene. These may reflect the 

importance of the presence of NetB toxin in inducing  NE, 

which may agree with previous studies (Keyburn et al., 

2013; Keyburn et al., 2010), indicating that 70% (31/44) 

of C. perfringens isolates from poultry affected by NE had 

been positive for the NetB gene, suggested that NetB toxin 

is important in inducting NE. The NetB gene was found in 

the majority of necrotic enteritis-infected broiler chickens 

but not in healthy broiler chickens. In the same vein, 

Mwangi et al. (2019) detected NetB toxin in 81% of 

unhealthy broiler chickens. However, their finding for 

healthy broiler chickens where NetB toxin was detected 

(68%) was too high and did not reflect the role of NetB. 

The isolation of NetB positive from normal healthy broiler 

chickens does not change the fact that these isolates are 

highly pathogenic (Smyth and Martin, 2010). As healthy 

broiler chickens get a diverse C. perfringens population, 

there may be a limited number of NetB-positive isolates 

(Abildgaard et al., 2010). However, another study 

confirmed that C. perfringens NetB negative was detected 

in NE in broiler chickens (Chalmers et al., 2008). These 

findings could imply that NE is a multifactorial disease 

(Williams, 2005). Coccidiosis mucosal damage, poor 

sanitation, unbalanced nutrition, and poor housing are all 

stressors that contribute to the rapid growth of C. 

perfringens and the massive production of toxins (Jia et 

al., 2009). This suggests that these virulent strains may 

require additional predisposing conditions to proliferate to 

the point where they can cause NE.  
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The sensitivity of C. perfringens strains to penicillin, 

amoxicillin, and amoxicillin with clavulanic acid are 

100%. These findings agree with Gharaibeh et al. (2010) 

as the combination of amoxicillin and clavulanic acid was 

effective against C. perfringens strains. On the other hand, 

the isolates were resistant at 100% to streptomycin. 

Similarly, Silva et al.  

(2009) found the resistance to streptomycin could be due 

to the absence of quinones in C. perfringens. In addition, 

the resistance of isolates to colistin sulfate and gentamycin 

was 100% except for oxytetracycline at 89% which agrees 

with Park et al. (2010), reporting  presence of the tetP gene 

as the primary cause for resistance to oxytetracycline. 

Moreover, the resistance of isolates to sulfa-trimethoprim 

was 100%, and cephalexin was 82%. These results were 

almost identical to those obtained by Llanco et al. (2012), 

who detected the resistance to sulfa-trimethoprim and 

cephalexin. Gad et al. (2011) found that most C. 

perfringens strains in turkey flocks were sensitive to Sulfa 

trimethoprim, and the tested isolates were resistant to 

erythromycin (macroloide group). According to Anju et al. 

(2021), the resistance is due to the presence of the ermQ 

and ermB genes, which code for the production of 

enzymes for the di methylation of the 23S rRNA. This 

results in the inhibition of antibacterial drug action on 

bacteria, which is primarily responsible for C. perfringens 

resistance to the Macrolides group (erythromycin). 

Johansson et al. (2004) reported the isolates of C. 

perfringens were susceptible to erythromycin, meaning 

that a pattern of increased resistance against antimicrobial 

agents is commonly used in the control and treatment of 

NE. 

 

CONCLUSION  

 

Type A is the most predominant type in inducing NE in 

poultry as NetB is essential, especially with alpha toxins. 

It may act as a synergistic factor in inducing the NE in 

poultry. It is recommended to vaccinate broiler chickens 

with C. perfringens strain positive for NetB toxin to 

protect flocks from NE. 
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ABSTRACT 
As a potent antioxidant, Vitamin E may lessen the potentially harmful consequences of such oxidative stress to 

protect broilers against immune-pathological damage. Broiler chicken growth and viability are enhanced by 

Vitamin E supplementation. The present study aimed to investigate the effects of Vitamin E dietary 

supplementation on broiler chickens’ growth performance and health status. A total of 48 one-day-old Ross 

chicks were randomly divided into two groups of control and treatment (supplementation of Vitamin E at a 

dose of 300 mg/kg diet) with three replicates per group. The study included an equal number of Ross breed 

chicks and Vitamin E dosage in two trials on two different dates (January and March, 2022). In both trials, the 

obtained results indicated no significant changes in weight gain in the control and treatment groups. In both 

trials, there were no significant differences in the spleen weight of the control and treated groups; however, 

from day 1 to 28 of the second trial, the bursa of Fabricius was heavier in the treated group than in the control 

group. Additionally, Vitamin E  had no significant effects on the mitogenic responses to phytohemagglutinin 

(PHA) and Concanavalin A (Con A). Dosages of 20 and 10 µl for both PHA and Con A did not significantly 

affect the rate of pure lymphocyte proliferation in chicks fed 300 mg Vitamin E /kg feed. Cell-mediated 

immunity did not differ significantly between the two trials. The percentages of CD4, CD8, Bu1, and MHCII 

molecules in the spleen and cecal tonsil of the chicks that received Vitamin E   300 mg/kg feed did not change 

significantly. The antibody titers against infectious bronchitis and infectious bursal disease vaccines showed 

no significant differences. On day 42, there was a trend toward an increase in antibody titer in the case of the 

Newcastle disease vaccine. In conclusion, 300 mg/kg of Vitamin E added to the diet did not improve growth 

performance and immunity in broiler chicks. 
 

Keywords: Broiler chicken, Growth performance, Immune system, Vitamin E  
 

 

INTRODUCTION 
 

The Food and Agriculture Organization (FAO) of the 

United Nations has recently shown significant growth in 

the global production of poultry meat (FAO, 2017). To 

stop lipid oxidation processes in the meat and improve 

meat quality, Vitamin E should be added to broiler 

chickens’ diet (Vieira et al., 2021). This can be attributed 

to broiler chickens’ ongoing stress from infections, high 

development rates, and the constantly changing 

environmental conditions in their housing facilities 

(Lohakare et al., 2005). A profound change in the 

productivity of the broiler chicken industry has been 

achieved via intentional genetic selection through 

traditional quantitative techniques (Hunton, 2006). 

Enzymes that eliminate free radicals generated during 

regular metabolic activity depend on antioxidants to 

operate appropriately (Niu et al., 2009). Systemic risks 

caused by free radical damage can be prevented or avoided 

by antioxidant enzymes, which convert them into 
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comparatively stable molecules (Niu et al., 2009). 

Antioxidant dietary supplements increase plasma 

glutathione peroxidase activity and reduce lipid 

peroxidation, which is a defensive mechanism affecting 

liver cells under heat stress (Calik et al., 2022). Vitamin E  

functions as a cellular enzymatic activity regulator 

(Schneider, 2005) and shields the cell membranes and 

tissues from lipoperoxidation damage by free radicals 

(Gao et al., 2010, Traber and Stevens, 2011). In order to 

avoid lipid oxidation in the meat and improve meat 

quality, broiler chicken diets must be supplemented with 

Vitamin E   (Vieira et al., 2021). 

Broiler chickens are more susceptible to pathogen 

infection due to their fast growth rate and the 

environmental problems associated with modern chicken 

production methods (McCorkle and Glick, 1980). 

Tocopherols and tocotrienols, which are fat-soluble and 

have antioxidant capabilities, are both included in Vitamin 

E (Packer et al., 2001). Vitamin E is an important fat-

soluble nutrient. Its roles in domestic animal production 

are indispensable since animals cannot synthesize Vitamin 

E   (Zhao et al., 2021). Vitamin E is an excellent biological 

chain-breaking antioxidant that protects cells and tissue 

from lipoperoxidation damage by free radicals (Sahin et 

al., 2006). Dietary supplementation of Vitamin E   reduces 

AST and ALT activity (Amevor et al., 2022), decreases 

feed consumption, and improves growth parameters in 

broiler chickens (Dalia, 2018). Various doses of Vitamin E  

dietary supplementation may enhance the performance of 

broiler chicks (Calik et al., 2022). 

Regarding broiler chickens’ growth performance and 

relative organ weights, different Vitamin E   sources (lipid 

soluble and water soluble) and their inclusion amounts 

from 22.11 to 67 mg/kg in diets show minimal effects 

(Pitargue et al., 2019). In broiler chickens, oxidative stress 

causes biological damage that negatively affects growth 

performance and health (Estevez, 2015). Vitamin E  is 

mainly found close to the membrane interface in the 

hydrocarbon section of the membrane’s lipid bilayer near 

the oxidase enzymes that initiate the creation of free 

radicals (Packer, 1991). Additionally, it has been 

demonstrated that Vitamin E   antioxidants can enhance 

health by increasing humoral and cell-mediated immunity 

in broiler chickens (Leshchinsky and Klasing, 2001). It 

has been observed that Vitamin E   enhances the survival, 

proliferation, and functionality of lymphocytes, 

macrophages, and plasma cells by defending them against 

oxidative damage (Maggini et al., 2007). Therefore, 

dietary supplementation of Vitamin E   strengthens the 

immune system under stress conditions (Attia et al., 2016). 

The recommended dosage of Vitamin E   is 6.7-53.6 

mg Vitamin E  /Kg of broiler chickens’ diet (NRC, 1994), 

depending on their growth stage (Aviagen, 2014). 

However, additional antioxidants, such as Vitamin C and 

Selenium, the kind and quantity of fats consumed, and 

environmental conditions all impact the necessary dietary 

amounts (NRC, 1994). Consequently, there is ongoing 

discussion regarding the appropriate levels of Vitamin E   

inclusion in broiler diets (Kuttappan et al., 2012). 

MagginiGiven the possible advantages of Vitamin E   

on the health of fast-growing broiler chicks, the 

immunomodulatory effects of Vitamin E  on broiler 

chickens need to be further investigated. This study aimed 

to assess how dietary Vitamin E  affected the health and 

growth performance of broiler chickens. 

 

MATERIALS AND METHODS 

 

Ethical approval   

This study was performed at Animal Production 

Department’s Poultry Research farm. All experimental 

procedures involving animals were conducted in 

accordance with the Institutional Care guidelines of 

Nangarhar University Nangarhar, Afghanistan. Chickens 

were cared for using husbandry guidelines and standard 

operating procedures of broiler chickens and approved by 

the ethics committee of Nangarhar University, 

Afghanistan (12.07.2021-06). 

 

Study design   

The research was conducted in two trials of 1 and 2 

in January and March 2022, respectively. A total of 48 

one-day-old mixed Ross strain broiler chicks (50% male) 

with an average body weight of 45 g were purchased from 

a local hatchery in Jalalabad, Nangarhar Province, 

Afghanistan. The chickens were randomly divided into 

two groups (24 chickens in each control and the Vitamin E   

supplemented group). Each group had three replicates, and 

each replicate included eight broiler chicks. The study 

included an equal number of Ross breed chicks and 

Vitamin E   dosage in two trials on two different dates The 

cage for each replicate was designed with a 65 cm length, 

60 cm width, and 30 cm height. Total mortality for the 6 

weeks was 8%. Weekly management of cage temperature 

and humidity included 33°C and 40% relative humidity for 

the first week, 30°C and 50% relative humidity for the 

second week, 27°C and 50% relative humidity for the third 

week, and 24°C and 50% relative humidity for the fourth 
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week, and  21
o
C and 60% relative humidity for the Fifth 

and sixth weeks. The cage was fully lit during the first 24 

hours, then there was one hour of darkness on the 

following day, and after they reached 100-150-g body 

weight, the light was turned off for six hours until the 

experiment’s completion. Lighting density was controlled 

(20-40 Lux).  

 

Feed preparation 

Accordingly, starter feed (0-21 days) and grower 

feed (22-42 days) were produced in mash form, and during 

both experiment trials, feed and water were always freely 

available. The basal diet was supplied to meet the nutrient 

requirements of Ross broiler chicks’ as a recommendation 

of the National Research Council (NRC, 1994). 

Accordingly, starter feed (0-21 days) and grower feed (22-

42 days). Feed was produced in mash form, and during 

both trials, feed, and water were always in free availability 

to the chicks (Cinar et al., 2014; Table 1). 

 

Vaccination 

The use of particular vaccinations for the specific 

antibody titer measurement was considered in accordance 

with the experiment’s protocol. In Afghanistan, the 

production of broilers is affected by the viral illnesses 

Newcastle disease (ND), infectious bronchitis (IB), and 

infectious bursal disease (IBD). As a result, IBD, ND, and 

IB vaccines were administered to chickens (Lin et al., 

2005). The first dose of the NB (ND+IB) vaccine 

(NISSEIKEN company, Japan) was administered to each 

chick on day 6 as an eye drop (0.03 ml). On days 18 and 

32, the vaccine was administered again through the water. 

On days 12 and 24, each chicken received a single 

dosage (0.015 ml/kg) of the IBD vaccine (NISSEIKEN 

company, Japan) directly using an eye dropper. All 

vaccinations were preserved at a temperature of 2-5
o
C. 

 

Immunoproliferation assay 

For the immunoproliferation assay, 15 samples of 

spleen from the control and 15 samples from the treatment 

groups were randomly obtained under sterilized 

conditions. The samples were then mixed with about 5 ml 

of phosphate-buffered saline (PBS). The suspension was 

prepared following the guideline methodology and 

centrifuged (Germany) at 300 x g for 5 minutes at room 

temperature (27
o
C). 

Concanavalin (Con A) was used in this test in doses 

of 20 μl (6.25 µg) and 10 μl (3.125 µg) for T-cell 

activation, and 20 μl (37.5 µg) and 10 μl (18.75 µg) for B-

cell activation. T-cell activation also utilized 

phytohemagglutinin (PHA), which was also used at 20 and 

10 µl. The specific microplate containing the samples was 

incubated for 72 hours at 40°C before being thoroughly 

examined (Tay et al., 2020). 

 

Flow cytometry assay 

In the case of the flow cytometry assessment 

(McKinnon, 2018), 15 spleen and 15 cecal tonsil samples 

from the control and treatment groups, respectively, were 

randomly collected under sterile conditions. The samples 

were added to specific wells, such as CD4, CD8, and Bu1, 

and washed twice. Each well received 100 µl of PBS, 

including the control, and was centrifuged (Germany) at 

300 x g for 5 minutes at room temperature (27
o
C). The 

PBS was discarded after centrifuging, and 100 µl of the 

antibody solution (1-time antibody and 99-times PBS) was 

added to each well except for the control. Centrifuging 

was repeated for 3 minutes, and the mixture was incubated 

for an hour. Each well received a 100 µl 10 x solution of 

propidium iodide (PI) after the plates were cleaned three 

times (one time PI and nine times PBS). In the next step, 

100µl of each well content was transferred to relevant 

tubes for flow cytometry analysis (BD Facs canto II, 

United State). All of the CD4 (CT-4), CD8 (CT-8), BU1 

(L22), and MHC class II (2Gll) antibodies utilized in this 

investigation were from Southern Biotech in Birmingham, 

Alabama, USA. A flow cytometer was used to evaluate the 

samples. About 1-2 ml of blood was drawn from the wing 

vein for a particular antibody titer. No heparinized blood 

collection tubes were used. The blood was centrifuged at 

120 x 100 rpm for 20 minutes. The resultant serum was 

then placed in a special tube and maintained at -20°C for 

further analysis (Kaspers et al. 1993). 

 

Statistical analysis 

All data were analyzed by R statistical software 

version 2.14.2. T-test was used to compare the means of 

the Vitamin E supplemented group with those of the 

control group. Means and standard errors were used to 

represent the values for the observed results. The results 

were considered significantly different at p < 0.05.  
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Table 1. The ingredients and nutrient levels of the broiler 

chicken basal diet for a period of 42 days 

Ingredients (%) 
Starter 

(Day 1-21) 

Grower 

(Day 22-42) 

Corn seed 64.60 69.94 

Soybean meal, *CP 48% 30.25 24.19 

Soybean oil 0.00 0.50 

Fish meal 1.00 1.00 

Dicalcium phosphate 1.60 1.57 

Calcium carbonate 1.36 1.30 

Salt 0.46 0.40 

Mineral-vitamin premixa 0.50 0.50 

DL-methionine 0.17 0.15 

HCL-lysine 0.00 0.44 

Nutrients composition 

Metabolizable energy (kcal/kg) 2,988 3,083 

Crude protein (%) (23) (20) 

Calcium (%) 1.01 0.96 

Phosphorus (%) 0.50 0.48 

Vitamin E (mg/kg) (6.7) (6.7) 

Selenium (mg/kg) (0.15) (0.15) 

Source: NRC (1994), *CP: Crude protein; 
a Mineral-vitamin premix 

provided the following per kilogram of diet: vitamin A, 5,500 IU; 

vitamin D3, 1,100 IU; vitamin E, 10 IU; riboflavin, 4.4 mg; 

vitamin B12, 12 mg; nicotinic acid, 44 mg; menadione, 1.1 mg; 

biotin, 0.11 mg; thiamine, 2.2 mg; and ethoxyquin, 125 mg, Mn, 

120 mg; Zn, 100 mg; Fe, 60 mg; Cu, 10 mg; Se, 0.17 mg; I, 0.46 

mg; and Ca, minimum:150 mg, maximum: 180 mg 

 

RESULTS 

 

Growth performance 

The findings showed that adding Vitamin E   at 300 

mg/kg to the feed had no significant effect on the growth 

performance of broiler chicks from 1 to 42 days of age (p 

> 0.05, Table 2). 

The obtained results indicated no significant 

difference in spleen weight between the control and 

Vitamin E  -supplemented groups (p > 0.05, Table 3). 

However, there was a significant difference in the bursa of 

Fabricius between the control and treatment groups in the 

first trial (p < 0.05). 

 

Immunoproliferation assay 

Dietary supplementation of 300 mg Vitamin E  /kg 

feed did not suppress mitogenic responses significantly to 

PHA and Con A (p > 0.05). Pure lymphocyte proliferation 

rates were not significantly different between control, and 

Vitamin E   supplemented groups (p > 0.05), where the 

PHA was used at 20 and 10 µl as well as Con A at 20 and 

10 µl (Table 4). 

 

Flow cytometry 

After 4 and 6 weeks of age, there was no significant 

difference between control and Vitamin E supplemented 

groups in both trials in terms of immune molecules 

percentage (p > 0.05). Dietary supplementation of Vitamin 

E   at 300 mg/kg feed in Ross broiler chicks had no 

significant effect on the percentages of CD4, CD8, Bu1, 

and MHC II molecules in the spleen and cecal tonsil (p > 

0.05). 

 

Specific antibody titers 

In the Vitamin E   300 mg/kg supplemented group, 

total antibody titers for IBD and IB after days 14, 28, and 

42 did not change significantly (p > 0.05). After days 14 

and 28, there was no significant difference between the 

control and Vitamin E supplemented groups in both trials 

for Newcastle disease (p > 0.05); however, there was an 

increase after day 42 (p > 0.05).  

 

Table 2. Feed intake, feed efficiency, and mean body weight differences in broiler chickens

Group 
Trial 1 

BWG (g/chick) BWG (g/chick) Feed intake (g/chick) FCE 

 day 14 days 14-28 days 14-28  

Control 363 ± 25 634 ± 53 982 ± 50 1.59 ± 0.12 

Treatment 309 ± 27 565 ± 44 824 ± 45 1.48 ± 0.09 

 day 42 days 28-42 days 28-42  

Control 1536 ± 76 902 ± 121 1354 ± 21 1.62 ± 0.21 

Treatment 1476 ± 118 910 ± 99 1478 ± 43 1.71 ± 0.20 

 Trial 2 

day 14 days 14-28 days 14-28  

Control 261 ± 4 568 ± 46 867 ± 42 1.63 ± 0.12 

Treatment 269 ± 13 650 ± 51 1091 ± 0.5 1.75 ± 0.14 

 day 42 days 28-42 days 28-42  

Control 1259 ± 119 691 ± 161 1530 ± 62 3 ± 0.32 

Treatment 1421 ± 85 771 ± 116 1561 ± 15 2.5 ± 0.44 
FCE: Feed conversion efficiency, BWG: Body weight gain, Trial 1: Experimental exploratory-1 conducted on January 2022, Trial 2:  Experimental 

exploratory-2 conducted on March 2022. 
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Table 3. Effects of Vitamin E dietary supplementation on some internal organs of broiler chickens 

Organ 

(g/100gw) body 
Age (day) 

                                    Trial 1 Trial 2 

Control Treatment Control Treatment 

Spleen 
28 0.136 ± 0.02 0.139 ± 0.02 0.117 ± 0.01 0.105 ± 0.01 

42 0.224 ± 0.05 0.329 ± 0.04 0.146 ± 0.03 0.100 ± 0.02 

Bursa of Fabricius 
28 0.193 ± 0.04a 0.311 ± 0.02b 0.219 ± 0.03a 0.205 ± 0.01a 

42 0.206 ± 0.02 0.182 ± 0.04 0.147 ± 0.01 0.172 ± 0.01 
a, b different values in the same row are significantly different (p < 0.05). Trial 1:  Experimental exploratory-1 conducted on January 2022, Trial 2: 

Experimental exploratory-2 conducted on March 2022. 

 
Table 4. Effect of dietary Vitamin E and mitogen concentration on the proliferation of mononuclear cells 

Vitamin E   (mg/kg) 
Number of 

chickens 
Age 

   Con A      PHA 

6.25 (µg/ml) 3.12 (µg/ml) 37.5 (µg/ml) 18.75 (µg/ml) 

0 4 
Second week 

0.56 ± 0.04 1.54 ± 0.24 1.95 ± 0.17 1.17 ± 0.07 

300 4 0.78 ± 0.09 1.22 ± 0.12 1.64 ± 0.12 0.94 ± 0.06 

0 4 
Fourth week 

1.09 ± 0.08 1.06 ± 0.03 1.02 ± 0.04 0.96 ± 0.03 

300 4 0.9 ± 0.23 1.17 ± 0.04 1.42 ± 0.24 1.02 ± 0.04 

0 4 
Sixth week 

1.09 ± 0.03    1.055 ± 0.03 1.23 ± 0.04 0.96 ± 0.03 

300 4 1.25 ± 0.06    0.999 ± 0.02 0.97 ± 0.03 0.96 ± 0.05 
Con A: Concanavalin A, PHA: Phytohemagglutinin A

 
DISCUSSION  

 

Numerous dietary components, such as vitamins A and C, 

help animals incite the best immunological responses. 

Vitamin E  is well known as an efficient chain-breaking 

antioxidant preventing oxidative damage to body tissues 

(Voljc et al., 2011). Moreover, it was demonstrated that 

the antioxidant properties of Vitamin E can improve 

animal health by improving cell-mediated and humoral 

immunity in broiler chickens (Leshchinsky and Klasing, 

2001). The findings of the current study indicated that 300 

mg/kg of Vitamin E  as a dietary supplement did not affect 

broiler chickens’ performance. 

The inclusion of Vitamin E did not significantly 

affect broiler chicken development and relative organ 

weights when comparing 22.11 to 67 mg/kg feed (Pitargue 

et al., 2019). 

According to the findings of the current 

investigation, broiler chicks’ live body weight was not 

improved by a 300 mg/kg Vitamin E  -supplemented diet. 

According to Dalia (2018), the addition of Vitamin E  at 

100 mg/kg feed considerably reduced feed consumption 

and enhanced growth parameters, which is contrary to the 

findings of the current study. 

The results of the present study supported those of 

Goni et al. (2007), who found that broiler chicks’ average 

daily gain, average daily feed intake, and feed conversion 

ratio were unaffected by Vitamin E   supplementation up 

to 400 mg/kg. The current study findings are opposed to 

those of Swain et al. (2000), indicating that dietary 

supplementation of α-tocopherol acetate at 300 mg/kg feed 

could considerably increase average daily gain and 

significantly decrease average daily feed intake. At the 

dose of 300 mg/kg, Vitamin E supplemented diet revealed 

a significant increase in the relative weight of the bursa of 

Fabricius (p < 0.05). However, the dietary 

supplementation of Vitamin E   had no impact on the 

relative weights of the spleen. 

 Dietary supplementation of 300 mg Vitamin E  /kg 

feed did not suppress mitogenic responses significantly to 

PHA and Con A (p > 0.05). Pure lymphocyte proliferation 

rates were not significantly different where the PHA was 

used at 20 and 10 µl as well as Con A at 20 and 10 µl. The 

results were in contrast to those of Leshchinsky and 

Klasing (2001), who found that 16.75-33.5 mg Vitamin E  

/kg feed of broiler chicks significantly changed mitogenic 

response to PHA and Con A. 

After 4 and 6 weeks of age, there were no significant 

differences between control and Vitamin E supplemented 

groups in both trials in the current study regarding immune 

molecules percentage (p > 0.05). Vitamin E at a dosage of 

300 g/Kg had no significant effect on the proportions of 

CD4, CD8, Bu1, and MHCII molecules in the spleen or in 

the cecal tonsil (p > 0.05). 

On days 14, 28, and 42 after IBD and IB 

vaccinations, there were no significant differences 

between the control and treatments in terms of humoral 

antibody titer (p > 0.05). On days 14 and 28 of the 
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experiment, the antibody titer of the chicks supplemented 

with 300 mg Vitamin E  /kg feed did not increase 

significantly for the ND vaccine (p > 0.05); meanwhile, on 

day 42 of the experiment, the results showed that there 

was the tendency for titer rising for ND vaccine (p < 0.05). 

Overall, the results of the present study are in contrast to 

those of Niu et al. (2009), who demonstrated that broiler 

raised under heat stress produced considerably more 

immunoglobulin G (IgG) and immunoglobulin M (IgM) in 

response to 200 mg/kg dietary Vitamin E. 

 In the current study, there was no increase in 

antibody titer against the IB virus in the treated group 

supplemented with 300mg Vitamin E  /kg feed, which was 

in contrast to the findings of Leshchinsky and Klasing 

(2001), indicating that supplementation of Vitamin E   

between 0-16.75 mg/kg feed could increase antibody 

production to attenuated IB vaccine. 

Immunocompetence is not considered in the NRC’s 

suggested Vitamin E   level (NRC, 1994), despite the fact 

that this level (0.67mg/kg feed) is sufficient to stop 

oxidative damage. However, few research studies outline 

the exact requirements of Vitamin E   for a certain 

immunological function. 

 
CONCLUSION  

 

The current study indicated that dietary supplementation 

of 300 mg Vitamin E  /kg feed did not improve broiler 

chicks’ live body weight, feed intake, and feed 

consumption ratio throughout 6 weeks. The study also 

revealed that Vitamin E at 300 mg/kg feed did not raise 

immunological responses of broiler chicks. In conclusion, 

a high-level dose (300 mg/kg) intake of dietary Vitamin E   

alone is not advised as a growth promoter and 

immunological enhancer. As a result, it is difficult to 

recommend the ideal dietary Vitamin E   concentration for 

growth improvement and immunocompetence, which calls 

for more research in the area. 
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ABSTRACT 
The quality of broiler chicken carcasses is greatly influenced by feed management and the number of nutrients 

digested in the digestive tract that will be utilized for optimal meat production. The study aimed to determine 

the effect of feeding fermented feed at different times on the production performance and quality of broiler 

chicken carcasses. The number of day-old chicks used in this study was 180 broiler chickens strain Cobb. This 

study was carried out experimentally using a complete randomized design consisting of four treatments and 

five replications. Each treatment carried out in this experiment consisted of a different length of time, namely 

feeding for 2, 3, 4, and 5 weeks. Experimental parameters included feed consumption, weight gain, and ration 

conversion. In addition, the cracrcc quality was investigated as live weight, carcass percentage, and percentage 

of broiler chicken abdominal fat. The results showed that the longer the time of fermentation feed significantly 

increased feed consumption by 40.07% and increased 13.77% weight gain, as well as decreased ration 

conversion by 25.33%. Furthermore, the same results were also obtained regarding live weight by 17.80% and 

increased percentage of the carcass by 8.84%, while the percentage of abdominal fat decreased by 12.90%. It 

can be concluded that the provision of fermented feed for 5 weeks can improve the production performance 

and carcass quality of broiler chickens. 
 

Keywords: Broiler chicken, Carcass quality, Fermented feed, Performance 
 

 

INTRODUCTION 
 

Broiler chickens have a role as a source of animal protein 

that is in demand by consumers. This demand is because 

broiler chicken carcasses can be produced faster than 

other livestock. However, the quality of broiler carcasses 

is greatly influenced by feed management and the 

number of nutrients digested in the digestive tract that 

will be utilized for optimal meat production (Baéza et al., 

2022). Various attempts have been made to increase the 

amount of digested nutrients and increase digestibility by 

processing feed before consumption. Feed processing 

that can be pursued is fermenting the feed. One of the 

feed processing that can be done is by fermenting the 

feed. The fermentation process can increase feed 

digestibility and crude protein content and reduce crude 

fiber in feed (Khempaka et al., 2014). The fermented 

feed provides several benefits, including improving 

nutritional properties (reducing fiber and increasing 

protein content) and intestinal health. It will accelerate 

broiler chicken’s growth (Sugiharto, 2019).  

The fermentation process requires an inoculant to 

speed up the breakdown of nutrients in the feed (Romero 

et al., 2017). Lactobacillus are lactic acid bacteria often 

used in fermentation (Romero et al., 2017; Singracha et 

al., 2017; Nair et al., 2019). Lactic acid bacteria will 

grow and develop on the substrate during fermentation, 

so the feed contains probiotics utilized by livestock to 

help the food digestion process. Astuti et al. (2015) 

found that probiotics could be given at a concentration of 

0.6 v/w in broiler up to 28 days of age. The higher the 

level of the probiotic Lactobacillus species in feed, the 

better the effect on the growth (Pradikta et al., 2018). 

Previously, Mcnaught and MacFie (2001) stated that many 

probiotics could attach firmly to intestinal cells, including 

several types of lactic acid bacteria, such as Lactobacillus 
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casei, Lactobacillus acidophilus, Lactobacillus plantarum, 

and a large number of Bifidobacteria. The ability to stick 

to the digestive tract will cause probiotic microbes to 

develop appropriately, and pathogenic microbes such as 

Escherichia coli and Salmonella Typhimurium in the 

digestive tract will be reduced from the animal host cells 

(McNaught and MacFie, 2001). 

The feeding duration of specific feeds will allow 

probiotics to stick to poultry’s digestive tract for a more 

extended period, affecting livestock production (Al-

Khalaifah, 2018; Al-Khalaifa et al., 2019). The results of 

the research by Zulfan and Zulfikar (2020) and Naji et al. 

(2015) indicated that fermented feed ingredients could be 

given in commercial rations without disturbing the growth 

and increasing the income over feed costs of broiler. 

Furthermore, feeding in the early phase of growth or 

during the brooding period can affect the growth of broiler 

day-old chicks (DOC; Al-Khalaifa et al., 2019). Cell 

multiplication or hyperplasia occurs when chicks are 1 to 

14 days old. The multiplication of these cells includes the 

development of the digestive tract, respiratory tract, and 

immune system. Body cells will increase in number by 

way of cell division. The hyperplasia process will affect 

further growth in the form of hypertropia growth, cells 

will increase in size or cell maturation (Fatmaningsih and 

Nova, 2016). Based on the description above, the current 

study aimed to determine the effect of fermented feed at 

different times on the production performance and carcass 

quality of broiler chickens. 

 

MATERIALS AND METHODS 

 

Ethical approval 

An animal feeding experiment was conducted at the 

experimental station, Department of Animal Science, 

Faculty of Agriculture, Universitas Sriwijaya, South 

Sumatera, Indonesia. The animals were cared for 

according to the Indonesian Institute of Sciences Animal 

Welfare Guidelines. The approval of the experiment was 

granted from Universitas Sriwijaya with approval number 

KPPHP-2021-1. 

 

Methods and sampling preparation  

This study used 180 DOC of Cobb strain broilers 

obtained from Charoen Pokphand, Indonesia, with an 

average weight of 38 g and placed in 20 postal cages with 

a size of 100 cm × 100 cm. The temperature of the cage 

environment when conducting the study ranged from 32.2-

33°C, with humidity ranged 68.1-85.7. Nine broilers were 

placed in each cage. The cages had feed dishes, water 

containers, and 60-watt incandescent lamps for lighting 

and warmth while the chicks were in them. Water and feed 

were prepared ad libitum. The feed used during the starter 

period was HI Pro (Charoen Pokphand, Indonesia), the 

feed is given to DOC up to the age of 14 days, and at the 

time, the finisher was MR1-P (Cheiljedang, Indonesia), 

the finisher feed given at the age of 3 to 5 weeks of age. 

The composition of the nutrients in the feed used during 

the study is shown in Table 1.  

 

Table 1. Nutrient composition of feed given at the starter 

and finisher period in broiler chickens strain cobb 

Nutrient 

Starter feed 

(1-21 days of 

age, HI Pro)* 

Finisher feed 

(22-35 days of 

age, MR1 – P)** 

Water content (%) 13 13 

Crude protein (%) 22.00-23.00 21.50-23.00 

Crude fibre (%) 5.00 4.00 

Fat (%) 5.00 8.00 

Ash (%) 7.00 6.50 

Calcium (%) 0.90 0.90-1.20 

Phosphor (%) 0.60 0.70-1.00 

Metabolizable energy 

(kcal/kg) 
3,020-3,120 

2,750-2,768 

 

Methionine 0.61 0.56 

Methionine plus 

Cysteine 
0.78 0.75 

Lysine 1.28 1.28 

Vitamin C (IU) 300 300 

Selenium (ppm) 0.1 0.5 

* Incorporated Company Charoen Pokphand, Indonesia, produces the 
feed. ** Incorporated Company Cheil Jedang Super Feed, Lampung 

produces the feed. 

 

Before the feed was given to the experimental 

animals, the feed was fermented for 7 days using Super 

lacto, a product of the Central Proteina Prima Tbk 

company, Indonesia, containing the Lactobacillus 

burlgarius bacteria of 8.9x10
8.
 CFUmL

-1
. Based on the 

product label, the fermentation process was carried out by 

diluting Super lacto at a concentration of 15%. Afterward, 

feed inoculation process was performed by spraying the 

inoculant evenly (4% w/v) on the feed.  The feed was 

stirred evenly so that the fermentation process ran 

optimally. After evenly packing, it was stored for 7 days. 

Then, 10% of the fermented feed was used in the broiler 

ration (Sun et al., 2022) based on the length of time 

defined for the treatments. 

As for the measurement of carcass quality in 

research carried out at the final stage of the study. Samples 

were taken randomly as many as 2 in each treatment and 

replicated. Then the chicken samples were fasted for 8 

hours before being slaughtered.  
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Experimental design 

This research was conducted using a completely 

randomized design consisting of four treatments and five 

replications for each treatment. Each treatment carried out 

in this experiment consisted of a different length of time, 

namely feeding for 2 (P1), 3 (P2), 4 (P3), and 5 weeks 

(P4). 

 

Observed variables 

All parameters for calculating the value of 

observations made in this study are based on research 

conducted by Palupi et al. (2022). 

 

Feed consumption 

The investigated parameters included consumption 

of ration (g/head/day), which was measured based on the 

difference between the ration given (g) and the rest of the 

ration given (g) during a specific period (days). 

 

Body weight gain 

Body weight gain (g/head/day) was measured by 

weighing the difference between body weight at the end of 

the study (g) and the initial body weight (g), then divided 

by the length of rearing time (days). 

 

Feed conversion ratio  

Conversion of rations was measured based on the 

ratio between weight gain and feed consumption. 

 

Live weight 

The quality of the broiler carcass included the 

measurement of live weight, which was measured based 

on the results of weighing at the end of the study (g). 

 

Carcass percentage 

Percentage of the carcass was calculated based on 

the percentage of weight comparison of broilers without 

blood, feathers, head, legs, and digestive organs (g) 

divided by live weight (g).  Carcass quality parameters 

were measured at the end of the study. Slaughtering of 

chickens is done by as many as two chickens every 

replication. 

 

Percentage of abdominal fat 

Percentage of abdominal fat (%), which is calculated 

based on the percentage of the comparison between the 

weight of abdominal fat contained in the abdominal cavity 

and fat attached to the digestive organs (g) with the live 

weight of broilers (g). 

Statistical analysis 

The data will be processed using SPSS software 

(version 20), based on the design used. Analysis of 

Variance (ANOVA) analyzes data from observation 

during the study. If there is a significant difference, a 

further test is carried out using Duncan’s Multiple Range 

Test (Steel and Torrie, 1980). 

 

RESULTS AND DISCUSSION 

 

Production performance  

The average performance of broiler production 

observed during the research was feed consumption, body 

weight gain, and feed conversion. The data are presented 

in Table 2.  

 

Table 2. Production performance at the starter and finisher 

period in broiler chicken  

Treatment 

Feed 

consumption 

(g/head/day) 

Weight gain 

(g/head/day) 

Feed 

conversion 

ratio 

P1 78.17 ± 3.45a 51.83 ± 6.24a 1.50 ± 0.22a 

P2 86.71 ± 4.12b 55.55 ± 4.88a 1.56 ± 1.45a 

P3 96.43 ± 3.41c 60.28 ± 5.61b 1.60 ± 1.03a 

P4 118.24 ± 2.66d 65.80 ± 3.87b 1.80 ± 1.56b 

abc Different superscript letters in the same column showed a significant 

difference (p < 0.05). P1: Fermented feed for 2 weeks, P2: Fermented 

feed for 3 weeks. P3: Fermented feed for 4 weeks, P4: Fermented feed 

for 5 weeks. 

 

Feed consumption 

The analysis of variance revealed that the duration of 

feeding fermented with Lactobacillus had a significant 

effect on the consumption of broiler chicken ration (p < 

0.05). The average consumption of broiler rations during 

the study ranged from 78.17 to 118.24 (g/head/day). The 

most extended fermented feed would affect the feed 

consumption; this was assumed because adding feed 

fermented with Lactobacillus has better palatability, so 

broilers prefer it. Widodo et al. (2013) reported that 

fermented feed could be given to a level of 15% in the 

ration because fermented feed with Lactobacillus provides 

aromas, flavors, and shapes that broilers prefer, thereby 

increasing feed consumption. 

Further test results showed that the consumption 

ratio of P1 was significantly different from P2 (p < 0.05). 

It was hypothesized that the increased consumption at 

each treatment in this study was due to the duration of the 
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feed fermented with Lactobacillus supplementation, which 

could lead to improved feed quality. Widodo et al. (2013) 

found that fermented feed had improved quality compared 

to feed that had not undergone the fermentation process. 

This improvement in feed quality is because the feed 

contains Lactobacillus, which helps speed up the digestive 

process, thereby improving the digestibility of the feed. 

Getachew (2016) revealed that lactic acid bacteria could 

live and grow in the intestine and produce enzymes, such 

as proteases and amylases, which could help improve 

digestion and produce short-chain fatty acids with 

antibacterial properties to protect nutritive feed. Therefore, 

feed intake can be improved by adding feed fermented 

with lactic acid bacteria. 

Feed consumption in P2 was significantly different 

from P3, suggesting that the increased consumption was 

due to the palatability of the Lactobacillus-fermented feed, 

which was preferred by livestock (p < 0.05). Furthermore, 

the lactic acid produced by lactobacilli in the gut plays a 

tremendous role in eliminating pathogenic bacteria and 

maximizing the digestibility of the feed by ensuring that 

there is no competition for the utilization of the nutrients 

ingested. This statement is believed to be due to its impact 

on consumption (Wikanatsiri et al., 2012). 

The consumption of rations at P3 was significantly 

different from that in P4 (p < 0.05); it was suspected that 

feed fermented with Lactobacillus could improve 

palatability. Furthermore, throughout these 4-5 weeks of 

treatment, the amount of Lactobacillus in the intestine 

could be increased so that the more extended feeding 

fermented with Lactobacillus caused the more significant 

population of Lactobacillus in the digestive tract of 

broilers, which caused the ratio consumption and feed 

digestibility increased. Elbaz (2021) reported that broiler 

rations supplemented with Lactobacillus could increase 

palatability, feed consumption, broiler immune system 

(health), productivity, efficiency, and feed consumption. 

According to Hardiningsih et al. (2006), the benefits of 

providing Lactobacillus in mixed feed to broilers 

included increased palatability, maintaining microflora, 

helping increase digestive enzyme activity, reducing 

bacterial enzyme activity and ammonia production, 

increased feed consumption and digestion, neutralizing 

both enterotoxins and toxins, and also stimulates the 

immune system. 

 

Body weight gain 

The analysis of variance showed that the feed 

fermented with Lactobacillus had a significant effect (p < 

0.05) on the increase in the body weight of broilers. It is 

suspected that feed fermented with Lactobacillus can 

increase feed digestibility in the digestive tract. As 

mentioned by Astuti et al. (2015), increasing the number 

of Lactobacillus in the intestine will positively affect 

broilers’ growth because Lactobacillus bacteria can break 

down simple carbohydrates into lactic acid. Lactobacillus 

bacteria can maintain the balance of other beneficial 

bacteria populations in the small intestine so that feed 

digestibility improves, affecting the increase in broilers’ 

body weight. 

The results of further tests showed that the body 

weight gain of broilers in treatment P1 was not 

significantly different (p > 0.05) with treatment P2 but 

significantly different (p < 0.05) with treatment P3 and P4. 

This result is thought to be due to the number of 

Lactobacillus in the digestive tract of broiler chickens 

because the P1 treatment is the same as the P2 treatment; 

this could be due to various factors. Uzer et al. (2013) 

Lactobacilli maintain beneficial microflora in the 

gastrointestinal tract, conversely, suppress the growth of 

pathogenic bacteria, increase digestive enzyme activity, 

decrease bacterial enzyme activity and ammonia 

production, increase food intake and digestion, and 

enterotoxins and neutralize immunity. A stimulating 

system that does not compete in digesting food. 

The body weight gain of broilers in P2 significantly 

differed from that in P3 (p < 0.05), it was suspected that 

feed fermented with Lactobacillus could protect the 

digestive tract from pathogenic bacteria and streamline 

feed consumption. According to Astuti et al. (2015), 

increasing the number of Lactobacillus in the intestine will 

positively affect the growth of chickens which could break 

down simple carbohydrates into lactic acid. Lactobacillus, 

in addition to maintaining the digestive tract and 

improving the nutritional value of feed. Body weight gain 

is closely related to feeding in terms of quantity related to 

feeding consumption. If feed consumption is disturbed, it 

will interfere with growth and vice versa; if feed 

consumption is sufficient, it will increase broiler body 

weight. The growth of various types of broiler chickens is 

highly dependent on the feed consumed and is also 

determined by the development of the digestive tract 

(Fanatico et al., 2008; Torrey et al., 2021; Singh et al., 

2021). 

The weight gains of broilers in the P1 and P2 

treatments significantly differed from that in P3 and P4 

treatments (p < 0.05). It is suspected that feeding 

fermented feed with Lactobacillus can increase body 

weight gain due to its ability to suppress pathogenic 
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bacteria. Furthermore, it can also increase feed 

digestibility, which has the effect of increasing the 

digestibility of protein, where feed fermented with 

Lactobacillus produces proteolytic enzymes in the 

digestive tract, which then can help digest protein, thereby 

increasing body weight (Muck et al., 2018). A fermented 

feed with Lactobacillus, suppressing pathogenic bacteria, 

can also improve the digestive organs, stimulating bile and 

pancreatic juice so that it affects the body weight gain of 

broiler chickens (Uguru et al., 2022). Nurhayati et al. 

(2015) indicated that the use of fermented feed with 

Lactobacillus in broiler chickens could increase the 

functionality of the digestive organs of broilers, namely 

stimulating the gallbladder wall to secrete bile and 

stimulating the secretion of pancreatic juice, which 

contains amylase, lipase, and protease enzymes to improve 

the digestion of feed ingredients such as carbohydrates, 

fats, and proteins. Thus, the more extended feeding of 

fermented feed with Lactobacillus resulted in better body 

weight gain. 

 

Feed conversion ratio 

The analysis of variance showed that the addition of 

fermented feed containing Lactobacillus with 5 weeks 

curing time (P4) had a significant effect (p < 0.05) on the 

conversion of broiler rations. It was reported that the role 

of fermented Lactobacillus in feed is essential because the 

feed provided is efficient in increasing the body weight of 

broilers Lactobacillus is a gram-positive microorganism 

found in milk, fruits, and soil. These lactobacilli can 

maintain the natural balance of the chicken intestine, so 

they can function as natural antibiotics (Chen et al., 2005; 

Chen et al., 2017). Kiha et al. (2012) indicated that 

Lactobacillus in the digestive tract could suppress 

pathogenic bacteria, so they do not compete in digesting 

nutrients and maximize nutrient absorption in the 

digestive tract. The longer addition of feed fermented 

with Lactobacillus can increase the body weight gain of 

broiler chickens; in addition, the increase in body weight 

of broiler chickens can be influenced by the consumption 

of feed and the nutritional content contained in the feed or 

the consumption of nutrients in the feed. The longer the 

feeding time fermented with Lactobacillus, the greater the 

body weight gain. 

 

Carcass quality  

The average carcass quality of broilers during the 

study observed was live weight, carcass percentage, and 

abdominal fat percentage. The data are presented in Table 3. 

Table 3. Average carcass quality of broiler chickens   

Treatment 
Live body 

weight (g) 
Carcass (%) 

Abdomen 

fat (%) 

P1 1699.50 ± 13.44a 72.02 ± 6.43a 1.24 ± 0.12a 

P2 1797.50 ± 21.06a 75.02 ± 11.03a 1.32 ± 0.11b 

P3 1900.75 ± 20.11b 77.65 ± 5.44b 1.40 ± 0.80b 

P4 2002.00 ± 16.37c 78.39 ± 7.18b 1.34 ± 0.32b 
abc Different superscript letters in the same column showed a significant 

difference (p < 0.05). P1: fermented feed for 2 weeks, P2: fermented feed 

for 3 weeks. P3: fermented feed for 4 weeks, P4: fermented feed for 5 

weeks. 

 

Live body weight 

The average live weight obtained in this study 

ranged 1699.50-2002.00 gr. The results of the analysis of 

diversity on the final weight of broiler chickens showed 

the addition of fermented feed containing Lactobacillus 

with 5 weeks curing time (P4) had a significant effect (p < 

0.05) on the live weight of broiler chickens. It is suspected 

that Lactobacillus can produce lactic acid in the digestive 

tract so that it can lower the pH in the digestive tract. Low 

pH conditions will multiply beneficial bacteria, allowing 

for faster nutrient absorption and increased growth, 

affecting broiler chickens’ live weight (Akhadiarto, 2010). 

On the other hand, the results revealed that the live 

weight of broiler chickens at P1 was not significantly 

different (p > 0.05) from P2 but was significantly different 

(p < 0.05) from P3 and P4 regarding the live weight of 

broilers. This result indicated that the effect of feeding 

time fermented with Lactobacillus for 2-3 weeks could 

lead to the same live weight because lactobacillus activity 

on the duration of feeding fermented at P1 and P2 gave the 

same effect. However, feeding fermented with 

Lactobacillus for 4 and 5 weeks could increase live weight 

higher than P1 and P2. This result is presumably because 

of the length of time Lactobacillus in the digestive tract 

can increase the intestinal villi’s surface areas, so that 

nutrient absorption is better, reducing the growth of 

pathogenic microorganisms. In line with the research 

results of Ignatova et al. (2009), it was shown that giving a 

probiotic supplement (Lactobacillus) for 5 weeks 

positively increases the live weight of broilers and 

livestock products that are safe for consumption. 

Feeding fermented with Lactobacillus at P2 was 

significantly different (p < 0.05) compared to P3 and P4 

on the results of the weight of broiler chickens. It is 

suspected that the duration of feeding fermented with 

Lactobacillus for 3 weeks is still in average conditions to 

produce a live weight. Moreover, because the feed 

fermented with Lactobacillus is given only up to 3 weeks, 
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after more than 3 weeks, the lactic acid bacteria produced 

from the Lactobacillus fermented feed will be less so that 

the acidic conditions in the digestive tract are normal. 

According to Rodríguez-Lecompte  et al. (2010), adding 

Lactobacillus to the feed will reduce pH and increase the 

number of microorganisms in the digestive tract, 

accelerating the growth of digestive organs and allowing 

them to develop optimally. Feeding fermented with 

Lactobacillus at 4 and 5 weeks resulted in high body 

weight gain. It can be assumed that the more extended 

feeding fermented with Lactobacillus will result in greater 

body weight. 

Feeding fermented feed with Lactobacillus for 4 

weeks was significantly different (p < 0.05), compared to 

feeding fermented feed for 5 weeks. Presumably, the 

longer the feeding is fermented with Lactobacillus, the 

more lactic acid bacteria are produced, which lower the 

digestive tracts pH, facilitating the metabolic process and 

producing a high body weight. This case follows the 

opinion of Elbaz (2021), which indicated that using 

Lactobacillus in feed aims to balance the microflora in the 

digestive tract to increase the absorption of nutrients to 

produce ideal body weight. 

 

Carcass percentage 

The average percentage of broiler carcass for each 

treatment during the study can be seen in Table 3. The 

average percentage of broiler carcasses obtained in this 

study ranged from 72.02 to 78.39%. The results of the 

analysis of variance on broiler carcasses showed the 

addition of fermented feed containing Lactobacillus with 5 

weeks curing time (P4) had a significant effect (p < 0.05) 

on the percentage carcasses of broilers. This result was 

because the duration of feeding fermented with 

Lactobacillus can lower the pH of the digestive tract and 

facilitate the work of the pepsin enzyme so that protein 

absorption increases. Baéza et al. (2022) stated that the 

average percentage of broiler carcasses is around 65-78% 

of the final body weight.  

The results of further tests on the percentage 

carcasses of broiler carcasses showed that the percentage 

of carcasses in P1 was not significantly different (p > 0.05) 

with P2 but significantly different (p < 0.05) with P3 and 

P4. This result indicated that the effect of feeding 

fermented feed with Lactobacillus for 2 weeks and three 

weeks resulted in a carcass percentage of 72.02-75.02% 

lower than P3 and P4. The reason is that feeding 

fermented with Lactobacillus for 2 and 3 weeks has the 

potential for the growth of pathogenic bacteria, such as 

salmonella bacteria. The fermented feed can minimize the 

growth of salmonella pathogenic bacteria so that the 

protein digestion process assisted by enzymes will be 

slower compared to P3 and P4, while the duration of 

feeding fermented with Lactobacillus for 4-5 weeks 

resulted in a higher carcass percentage than P1 and P2, 

ranging from 77.64% to 78.39%. Lactobacillus acts as a 

growth promoter which can increase pepsin enzyme in the 

digestive tract so that the absorption of nutrients in the 

intestines and the resulting metabolic products can be 

utilized by the livestock body to form and add new tissues 

such as meat formation (Ignatova et al., 2009).  

Feeding fermented with Lactobacillus in treatment 

P2 significantly differed when compared to P3 and P4 

regarding carcass percentage (p < 0.05). This reason is that 

the length of time of fermented feed with Lactobacillus 

will produce a great percentage of the carcass. After all, 

Lactobacillus will produce lactic acid bacteria, which 

facilitate the work of the digestive tract, resulting in a high 

percentage of the carcass. Maunatin and Khanifa (2012) 

stated that lactic acid bacteria in the digestive system 

could neutralize toxins produced by pathogenic bacteria, 

affecting enzyme activity in the small intestine so that the 

blood will circulate nutrients throughout the body to form 

meat. 

Feeding fermented feed with Lactobacillus at P3 was 

not significantly different (p > 0.05) with P4. This case 

was because the 4-week fermented feed had the same 

number of Lactobacillus bacteria as the fermented feed 

treatment for 5 weeks, so the enzyme performance 

produced was the same in the P3 and P4 treatments. One 

of the increased enzyme performances due to the increase 

in the microbial population is the pepsin enzyme, to break 

down protein. Then, feed nutrients will be absorbed 

throughout the body to form meat deposition. Similarly,  

Mountzouris et al. (2010) found that the use of probiotics 

in feed can work optimally in the digestive tract by 

increasing the number of microbial populations, thereby 

balancing the microflora in the digestive tract, protecting 

the digestive system, improving intestinal health and 

increasing livestock productivity. 

 

Abdominal fat percentage 

The average percentage of abdominal fat weight 

ranged from 1.24 to 1.40%. It can be assumed that feeding 

fermented with Lactobacillus facilitates the hydrolysis of 

carbohydrates in the digestive tract, facilitating the 

absorption of glucose and monosaccharides. Meanwhile, 

feed containing easily digestible carbohydrates will result 

in increased abdominal fat. Following the view of Jha and 

Mishra (2021), poultry-fed carbohydrate-based diets have 
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a higher abdominal fat content than fibrous; easily 

digestible carbohydrates tend to be converted into energy 

reserves in the form of fat. According to Hidayat (2015), 

fat formation occurs due to excess energy consumed. 

Excess energy in broilers will be stored in the form of 

abdominal fat. 

Further test results revealed that the percentage of 

abdominal fat given fermented feed with Lactobacillus at 

P1 was significantly different (p < 0.05) from P2, P3, and 

P4 in terms of abdominal fat percentage. It is suspected 

that the feeding duration fermented with Lactobacillus at 

P1 was still in normal condition resulting in a lower 

percentage of abdominal fat. In contrast, at P2, P3, and P4, 

the length of feeding fermented with Lactobacillus could 

reduce the activity of the lipase enzyme that plays a role in 

the rate of acid synthesis. Fouad and El-Senousey (2014) 

reported that the decrease in abdominal fat deposition with 

a decrease in the energy content of the ration was due to 

the reduced activity of lipase enzymes associated with 

lipogenic processes in the liver. Lipogenesis is a fat 

deposition process that includes fatty acid synthesis and 

triglyceride synthesis that occurs in the liver in the 

mitochondria, cytoplasm, and adipose tissue. Fat in the 

body originates from feed and is produced from the 

synthesis process in the liver (Jensen-Urstad and 

Semenkovich, 2012). Feeding fermented feed with 

Lactobacillus at P2 and P3 was not significantly different 

(p > 0.05) but significantly different from P4. In this case, 

presumably because feeding fermented with Lactobacillus 

can optimize the absorption of the digestive tract so that 

the nutritional content of the feed is more directed at the 

formation of meat and bones than fat in each treatment. 

Fouad and El-Senousey (2014) stated that nutrition affects 

the deposition of abdominal fat in the body of broiler 

chickens. Reduction of body fat deposits in broilers, 

including abdominal fat, occurs due to a reduction in fatty 

acid synthesis in the liver and a decrease in lipase enzyme 

secretion, thereby reducing fat absorption. Zhang et al. 

(1999) stated that fatty acids reduce the amount of body 

fat deposition in broilers by suppressing the activity of the 

lipase enzyme in plasma. 

 

CONCLUSION  

 

According to the present study’s findings, adding 

fermented Lactobacillus feed for 5 weeks could increase 

body weight gain by 16.30%, decrease feed conversion by 

11.10% and improve the carcass quality of broiler 

chickens. Recommendations for further research are the 

increased application of fermented feed by Lactobacillus 

as a feed mixture to the number of pathogenic and non-

pathogenic microbial populations and the characteristics of 

the digestive organs in broiler chickens. 
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ABSTRACT 
Local chicken breeding is widespread in Niger, a country with harsh environmental conditions. This study 

aimed to investigate the effects of sex, temperature, and hygrometry variations on the body weight gain and 

growth curve of local Nigerien chickens. Two groups of local chickens were followed from hatching to 20 

weeks of age. The first and second groups consisted of 96 and 124 chickens, respectively. Three seasons were 

identified based on continuously recording ambient temperature and humidity over a year. The dry and warm 

seasons (February, March, April, and May), the wet and warm seasons (June, July, August, and September), 

and the dry and cold seasons (October, November, December, and January). The average hatch weight was 

about 24 g, and monthly body weight gains ranged from 100 to 360 g. Asymptotic weights were 2214.02 ± 

69.94 g and 1776.93 ± 63.57 g for roosters and 1380.25 ± 25.96 g and 1433.08 ± 71.24 g for hens. The sexual 

maturity rates indicate that hens are more precocious than roosters. Sex and season had significant impacts on 

the growth performance of the chickens. In conclusion, the results of the present study indicated that the 

optimal time to raise local chickens in rural Niger is from June to January, and males are better candidates for 

meat production. 
 

Keywords: Growth curve, Hygrometry, Local chicken, Temperature, Weight gain 
 

 

INTRODUCTION 
 

Local chicken represents 55% of the Nigerien poultry 

population (RGAC, 2007). The production of local chickens 

contributes greatly to food and nutritional security, especially 

in rural areas (Ousseini et al., 2018). In addition, Niger is one 

of the countries in sub-Saharan Africa with the harshest 

agroecological conditions, mainly located halfway between 

the Sahara and the Sahel. This location results in a very 

marked seasonality of the climate, characterized by 

significant temperature and hygrometry differences between 

the seasons (CNEDD, 2000). 

Traditional chickens seem to be acclimatized to all of 

Niger’s agroecological zones because gallinacea is present 

throughout the country (FAO, 2009). However, due to 

their physiology, chickens are generally sensitive to 

significant variations in environmental conditions, such as 

humidity and temperature. Chickens are homeotherms but 

cannot eliminate heat sweating due to the presence of 

feathers (Geraert, 1991). In addition, the energy required 

to activate the physiological mechanisms of adaptation to 

high temperatures is important. It comes essentially from 

the diet or, in case of failure, from body reserves in the 

form of fatty tissue. This dietary energy is preferentially 

used to satisfy homeostatic needs rather than production 

needs (Tattersall et al., 2016). Therefore, in hot weather, 

food consumption increases without a parallel increase in 

production. This corresponds to poor feed efficiency, and 

thus, to an increase in production costs. (Geraert, 1991). 

The study of local chickens in Niger is relatively 

new. A few studies have been conducted to characterize 

their production systems and their morphometry in rural 
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areas (NECSD, 2000). In an experimental setting, the aim 

was to assess their growth performance (Hamani et al., 

2022a) and their butchery ability (Hamani et al., 2022b) 

through the use of non-conventional protein sources 

(housefly larvae) in their feed. Currently, there have been 

no references to address the effect of temperature and 

humidity variations on the growth of local chickens in 

Niger.  

In the same environment of sanitary and food 

monitoring, the variations of temperature and hygrometry 

could impact the zootechnical performances of chickens 

(Ranjan et al., 2019). The objective of the present study 

was to identify the effects of seasonal variations in 

temperature and humidity on weight gain and growth 

curve parameters of local chickens in Niamey, Niger. 

 

MATERIALS AND METHODS 

 

Ethics approval 

The data collection was carried out in compliance 

with the animal welfare and biosecurity established by the 

Department of Animal Production of the Faculty of 

Agronomy of the University of Niamey, Niger 

(AFARNi/FA/DPA-002). 

 

Biological material 

The chickens studied were obtained by artificial 

incubation of eggs from local hens. These local hens were 

raised at the poultry station of the Faculty of Agronomy of 

the University of Niamey, Niamey, Niger. The physical 

and chemical characteristics of the eggs of these parent 

hens were described based on a study by Guisso Taffa et 

al. (2022). Both groups in this study were from the same 

parents. The first group had 96 chicks reared from January 

to May 2021. The second group entailed 124 chicks that 

were reared from July to November 2021. 

 

Rearing conditions 

Both groups were reared in the same building, with 

the same feed composition and energy density (Table 1). 

The feed was in the form of crumbs and distributed ad 

libitum. The rearing building was 11 m long, 5 m wide, 

and 4.5 m high. Figure 1 shows the interior of the rearing 

building. For the starter phase (first day to 2 weeks), the 

chicks were kept under artificial lighting and heating until 

the second week of age. During this starter phase, lighting 

was maintained from 8:00 a.m. to 10:00 p.m., and heating 

was only at night (from 10:00 p.m. to 8:00 a.m.). Figure 2 

shows the starter boxes (a) and the chicks during the 

starter phase (b). During the growth phase, the chickens 

were reared under natural lighting, and the ambient 

temperature and humidity of the building were not 

manipulated. They were recorded daily with a thermo-

hygrometer indicating daily maximum and minimum 

temperatures. The chickens were weighed weekly using a 

digital dial scale with a precision of one gram. All animals 

were vaccinated against the two main avian diseases of 

Newcastle and Gumboro endemic in Niger. Table 2 shows 

the vaccination protocol that was followed in the current 

study. 

 

 
Figure 1. The Interior of the breeding building shows the 

distribution of the chickens in the cages, with 10 chickens 

per cage 

 

 

 
Figure 2. Starter boxes (a) and chicks during the 

starter phase (b) with lighting and heating system 

b

 

a
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Table 1. Physical and chemical composition of feeds used 

for local chickens of Niamey, Niger 

Ingredients 

Starter 

(1-14 

days) 

Grower 

(15-140 

days) 

Centesimal composition (%) 

Commercial concentrate * 30 30 

Corn 20 20 

Wheat Bran 50 50 

Analytical composition 

Metabolizable energy (Kcal/kg) 2910.68 2738.70 

Dry matter (g/kg) 929 935.9 

Fat (g/kg) 65.55 69.56 

Mineral matter (g/kg) 73.30 127.47 

Ash (g/kg) 10.55 15.49 

Crude protein (g/kg) 229.82 172.77 

Non-nitrogenous extractives 

(g/kg) 
620.78 614.70 

*: An imported commercial feed (Animal Care Services Konsult, Ogere, 

Nigeria), According to the manufacturer, the essential mineral content of 
concentrates included a starter (4% Calcium, 4%assimilable phosphorus), 

and Grower (2.20% Calcium, 1.2% available phosphorus). 

 
Table 2. Vaccination schedule followed during the 

breeding of the two groups of Niamey’s local chickens 

Period Disease Vaccine Route 

Day 1 
Newcastle 

(NC) 
LaSota (Zoetis INC, US) Oral 

Day 5 
Gumboro 

(GB) 

Gumboro VAC (Elanco, 

Netherlands) 
Oral 

Day 8 
Immunization 

reminder NC 
LasSota (Zoetis INC, US Oral 

Day 14 
Immunization 

reminder GB 

Avipro Gumboro VAC 

(Elanco, Netherlands) 
Oral 

Week 8 
Immunization 

reminder NC 

ITA-New (Laprovet, 

Hungary) 
Sub-dermal 

Week 

16 

Immunization 

reminder NC 

ITA-New (Laprovet, 

Hungary)  

Intra-

muscular 

Each vaccination was accompanied by 3 days of antistress (Introvit A+ or 

AnimTotal) in the drinking water. 

 
Data analysis and processing 

The processing of all data was performed by the free 

software R project, version 4.1.1 (R project, 2021). The 

descriptive statistics of the data were performed with the 

pastecs package, version 1.3.21 (Grosjean et al., 2018). 

Analysis of the physical data 

Different months were grouped to correctly integrate 

the temperature and hygrometry data into the multiple 

linear regression, a grouping of was performed. The aim 

was to identify seasons with different characteristics 

regarding temperature and humidity. To do this, the Elbow 

method, based on the minimization of the sum of squares 

of deviations (SSwithin), was used to identify the optimal 

number of groups (DellaData, 2020). 

 

Parameters of the individual growth curve 

Non-linear regression using the Gompertz equation 

was used to determine the parameters of the growth curve 

of the chickens (Mignon-Grasteau and Beaumont, 2000). 

These parameters were determined individually for each 

subject with the package easynls version 5.0 (Arnhold, 

2017). The Gompertz equation is as follows: 

Yt = Ae^ (-Be^ [-kt])  

Yt means weight at time t, A denotes Asymptotic 

weight, B signifies integration constant, and k is 

maturation rate. 

 

Multiple regression model 

The lm function of the native stats package of the R 

software was used to evaluate the effects of sex, birth 

season, and their interaction on hatch weight, monthly 

weight gains, and growth curve parameters. 

The following linear fixed-effects model was used:  

Yijk = µ + aj + bk + abjk + εijk,  

Where, Yijk is the hatch weight or monthly body 

weight gain or one of the growth curve parameters of the 

ith animal with sex j born in season k; µ denotes the 

overall mean, aj is the sex fixed effect (j = [1,2]), bk 

signifies the season fixed effect (k = [season1, season2, 

season3]), abjk is the sex-season interaction, and εijk 

accounts for the random residual error.  

For each of the models, the significance of the 

effects of gender and season was identified by comparing 

the factorial variances to the residual variances using the 

Fischer test at the significance level p ≤ 0.05.   

 

RESULTS AND DISCUSSION 

 

Parameters of the growth curves 

The parameters of the Gompertz curve were 

calculated with the weights measured every week. These 

weights were recorded as P0, P1, P2 up to P20, 

corresponding to the ages of 1 day (hatching), week 1, 

week 2, until week 20. Therefore, the estimation is only 

possible for the two rearing groups and not for the climate 
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clusters. Thus, for both groups, the males had higher 

parameters than the females (Table 3). In both groups, the 

asymptotic weight (A), corresponding to the maximum 

theoretical weight that could be reached, was higher in 

males, while the maturation rate of females was higher 

than that of males.  

Previous studies have reported results similar to the 

present study. In the study by Yapi-Gnaore et al. (2011), 

where chickens were followed from hatching to 22 weeks 

of age by weighing them every 2 weeks, males of the 

Forest and Savannah ecotypes had asymptotic weights of 

2220 and 2160 g, respectively, compared to 1570 and 

1501 g for females of these same ecotypes. In contrast, at 

the age of 22 weeks for both sexes, the maturation rates of 

the ‘Forest’ and Savanna ecotypes were 0.0189 and 0.0200 

g/day for males and 0.0199 and 0.0205 g/day for females, 

respectively. 

The higher maturation rate of females than males 

indicates that females of the local Niamey hen would 

reach sexual maturity faster than males. This conclusion 

was also reached in the study of Moula et al. (2009) and 

N’Dri et al. (2018), who indicated that traditional chicken 

strains were up to 20 weeks of age for both studies. 

 
Table 3. Growth curves parameters of Niamey’s local chickens by sex and group in Niger 

Parameters 
Female Male 

Group1 Group 2 Group 1 Group 2 

A (g) 1380.25 ± 25.96 1433.08 ± 71.24 2214.02 ± 69.94 1776.93 ± 63.57 

B 3.998 ± 0.048 3.741 ± 0.056 4.359 ± 0.040 3.879 ± 0.043 

K (g /day) 0.0191 ± 0.0004 0.0203 ± 0.0006 0.0179 ± 0.0004 0.0199 ± 0.0007 

Values are reported as mean ± standard deviation A: Asymptotic weight; B: Integration constant, K: Maturation rate, Group 1: 96 chicken, Group 2: 124 

chickens. 

 

Monthly weight gain 

Table 4 tabulates the values of hatching weights and 

monthly weight gains of the local chicken groups in 

Niamey. The weight at the hatching of the chicks was 

about 24 g. From week 4, the chicks gain 200 g of weight 

every month. 

The average hatching weight of chicks obtained in 

this study is similar to those reported by Youssao et al. 

(2012) and Binda et al. (2012), who studied traditional 

chickens without sex distinction for chicks. However, 

those reported by Akouango et al. (2010) and N’Dri et al. 

(2018) were higher than the present study. Hatching 

weight is a parameter related to egg weight, which 

depends on the hen’s age and size. Older and heavier hens 

lay larger eggs (Nys et al., 2018; Travel et al., 2010). 

Thus, the low weight of the chicks could be explained by 

the low weight of the local hens. 

In relation to monthly weight gains, Binda et al. 

(2012) simultaneously studied three traditional strains and 

two commercial broiler chicken strains (Hybro and 

Hubbar). The traditional strains in their work showed 

similar monthly weight gains at 4 and 8 weeks as in the 

present study. However, the monthly weight gains they 

recorded for the exotic strains were about three times those 

of the present study. Therefore, it can be deduced that the 

low growth rate of the local chickens is mainly related to 

their genetics. In the present study, the chickens were fed 

ad libitum with high nutritional quality and well-balanced 

feed accompanied by adequate sanitary monitoring and 

prophylaxis. Thus, the only limiting factor would be the 

genetic potential of these animals. 

 

Grouping of the months into seasons 

The grouping performed allowed us to divide the 

months into three categories based on ambient temperature 

and humidity (Table 5).  

This division of months into three categories does 

not correspond perfectly to the natural climate officially 

recognized in Niger. Indeed, it is reported that in Niger, 

the rainy season is from June to September and is 

characterized by heavy rainfall, wind, and a relative drop 

in temperature. The rest of the year is dry and sunny. The 

coldest months are from December to February. On the 

contrary, the months from March to May are the warmest, 

reaching 45 degrees in the shade with very moderate 

decreases at night (FAO, 2005). However, the grouping 

made in this study assigns the month of February to the 

category of hot and dry months. This difference could be 

explained by the fact that the temperature and humidity 

data used to establish this categorization come from a 

single environment (the experimental site). 
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Table 4. Descriptive statistics of hatching weight and monthly weight gain of male and female chickens of Niamey 

Parameters Groups Sex N Min Max Mean SEM 

P0 

1 
Male 41 20 30 24.76 0.52 

Female 55 20 30 25 0.49 

2 
Male 66 13 30 23.73 0.38 

Female 58 17 31 23.17 0.39 

GP_0-4 

1 
Male 41 70 195 139.07 4.38 

Female 55 12 160 105.31 4.09 

2 
Male 66 75 269 184.86 4.71 

Female 58 90 231 172.24 3.57 

GP_4-8 

1 
Male 41 193 338 272.22 5.53 

Female 55 153 278 210.47 4.10 

2 
Male 66 102 401 267.39 7.79 

Female 58 110 368 215.95 6.87 

GP_8-12 

1 
Male 41 258 507 391.85 9.93 

Female 55 160 383 286.27 5.87 

2 
Male 66 134 470 313.42 7.51 

Female 58 171 571 262.78 9.74 

GP_12-16 

1 
Male 41 170 473 364.05 9.07 

Female 55 108 313 210.98 5.99 

2 
Male 66 81 497 302.30 9.89 

Female 58 116 346 205.55 6.70 

GP_16-20 

1 
Male 41 195 475 332.29 10.95 

Female 55 120 344 212.71 6.98 

2 
Male 66 133 469 234.94 8.07 

Female 58 112 551 197.21 10.80 
N: Number, Min: Minimum; Max: Maximum; SEM: Standard error mean; P0: Weight at hatching; GP_0-4: Weight gain from hatching to week 4; GP_4-8: 
Weight gain from week 4 to week 8; GP_8-12: Weight gain from week 8 to week 12; GP_12-16: Weight gain from week 12 to week 16; GP_16-20: Weight 

gain from week 16 to 20 

 
Table 5. Characteristics of the identified seasons 

Seasons T-min (°C) T-max (°C) H-min (%) H-max (%) Characteristics 

1 24.13 41.40 20.14 31.64 Hot and dry 

2 27.23 30.40 20.79 49.17 Hot and humid 

3 17.24 36.93 19.89 33.07 Cold and dry 
T-min: Minimum temperature; T-max: Maximum temperature; H-min: Minimum humidity; H-max: Maximum humidity. Season 1: February, March, April, 
and May. Season 2: June, July, August, and September Season 3: October, November, December, and January 

 
Table 6. Effects of sex, season, and their interaction on monthly body weight gain and growth curve parameters of Niamey’s 

local chickens 

Parameters Mean ± Standard error 
p-values 

Adjusted R2 
Sex Season Sex*Season 

P0 (g) 24.17 ± 0.44 0.891 NS 0.001 *** 0.368 NS 0.038 

GP_0-4 (g) 105.31 ± 4.29 7.5×10-10 **** 2.2×10-16 **** 0.016 * 0.496 

GP_4-8 (g) 210.47 ± 6.59 3.5×10-15 **** 0.928 NS 0.446 NS 0.241 

GP_8-12 (g) 286.27 ± 8.31 8.9×10-15 **** 1.6×10-8 **** 0.001** 0.337 

GP_12-16 (g) 210.98 ± 8.25 2.2×10-16 **** 0.00016 *** 0.00087 *** 0.507 

GP_16-20 212.71 ± 9.20 4.5×10-12 **** 2.3×10-8 **** 1.9×10-5 **** 0.321 

A (g) 1380.20 ± 60.95 4.2×10-16 **** 0.0042 ** 0.0001*** 0.310 

B 3.998 ± 0.048 7.1×10-5 **** 3.6×10-12 **** 0.0246 * 0.250 

K (g/day) 0.0191 ± 0.0005 0.365 NS 0.00694 ** 0.512 NS 0.025 

Sex*Season: interaction between sex and season; P0: Weight at hatching, GP_0-4: Weight gain from hatching to week 4, GP_4-8: Weight gain between 

weeks 4 and 8, GP_8-12: Weight gain between weeks 8 and 12, GP_12-16: Weight gain between weeks 12 and 16, GP_16-20: Weight gain between weeks 16 
and 20; A: Asymptotic weight, B: Integration constant, K: Maturation rate; Significance levels (NS: Not significant; *: p < 0.05; **: p < 0.01; ***: p < 0.001; 

****: p < 0.0001) 
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Effects of sex and season on growth parameters 

The effects of sex, season, and their interaction on 

monthly body weight gain and growth curve are 

summarized in Table 6. Except for hatch weight and 

maturation rate, sex significantly affected all other 

parameters. The effect of season was non-significant only 

for body weight gain between weeks 4 and 8 (p > 0.05). 

These results indicated that similar to sex, the rearing 

period also impacts the growth performance of the local 

Niamey chicken. 

The effect of sex is attributable to the sexual 

dimorphism in this species. Remeš and Székely (2010) 

investigated a set of 139 breeds of domestic chickens and 

reported that, on average, males were 21.5% heavier than 

females, this difference was even more remarkable (68%) 

in the red jungle fowl (wild species of chicken), where the 

male was 68.8% heavier than the female. Furthermore, this 

dimorphism is under hormonal control, as Johnson (1988) 

had shown that, in chickens, after one week of age, the 

concentration of growth hormones in the blood plasma of 

males was significantly higher than that of females. 

The effect of seasons on performance was thought to 

be a consequence of temperature and humidity variations. 

Chickens are particularly sensitive to high temperatures, 

which impacts their feeding behavior and efficiency. The 

impact on feeding behavior was reflected in decreased 

feed intake and increased water consumption (Scanes et 

al., 1984). The body preferentially redirects food energy in 

the process of homeostasis (Tattersall et al., 2016; Ranjan 

et al., 2019). 

 

CONCLUSION  

 

The results of this study showed that the growth of local 

chickens in Niamey is affected by sex and variations in 

temperature and humidity. Weight gain in males is 

significantly higher than in females at all ages. The effect 

of temperature and humidity variation is also present at all 

ages except from the 4 to 8-week period. In a rural 

context, the optimal period for rearing these chickens 

would be from June to January. In experimental 

conditions, maintaining the temperature between 27-36°C 

and the ambient humidity between 20-49% would be 

beneficial to the growth of these chickens in Niger. It 

would be interesting to complete this study by 

investigating the reproductive aspects (fertility and 

hatchability of eggs) in both experimental and rural 

environments. 
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ABSTRACT 
Egg quality is considered as both internal egg quality that focuses on the egg content and external egg quality 

that focuses on the eggshell. This study investigated the effect of storage time on ostrich egg quality. A total of 

15 ostrich eggs were obtained from Dibete Ostrich Multiplication Unit and subjected to five storage periods (0, 

3, 6, 9, and 12 days) at room temperature (18-25oC). The measured parameters were egg weight, egg length, 

egg width, yolk weight, albumen weight, albumen height, yolk height, shell weight, egg specific gravity 

(ESG), egg surface area, Haugh Unit (HU), egg shape index, albumen ratio, shell ratio, yolk ratio and weight 

of egg contents. Results showed that storage time did not influence egg weight for eggs stored for 0, 3, and 6 

days. On the other hand, storage time significantly affected egg weight for eggs stored at 9 and 12 days. The 

albumin ratio for egg storage duration had no significant impact on eggs held for 0, 3, or 6 days. However, the 

albumen ratios of eggs held for 9 and 12 days were impacted by the storage period compared to those stored 

for 0, 3, and 6 days. The HU for the eggs stored for 0, 3, and 6 days was not affected by storage time. On the 

contrary, the HU for eggs stored for 9 and 12 days was significantly impacted by storage time as the HU 

decreased with the prolonged storage time, compared to those stored for 0, 3, and 6 days. The results of this 

study suggest that ostrich eggs should not be stored for more than 6 days at ambient temperature to avoid egg 

quality degradation.  
 

Keywords: Cuticle, Egg quality, Ostrich eggs, Storage time 
 

 

INTRODUCTION 
 

An ostrich (Struthio camelus) is the largest and longest 

bird that belongs to the ratite family, Struthionidae. 

Ostrich eggs are the largest eggs measuring 15.4 cm long 

and 12.7 cm wide (Cooper et al., 2009), with a thick 

eggshell of about 1.8 cm that is very resistant to breakage 

(Ceylan et al., 2006). Similarly, Di Meo et al. (2003) 

reported the average ostrich egg length and width of 15.4 

cm and 12.9 cm, respectively. However, Al-Obaidi et al. 

(2012) in Iraq found the ostrich egg length and width to be 

16.9 cm and 12.6 cm, respectively. The weight and shell 

of the egg are the main external and internal quality 

indicators of an egg (van Niekerk, 2014). The internal egg 

quality focuses on the yolk and the egg white, and the 

external quality on the soundness of the shell. The amount 

of time that ostrich eggs are stored significantly affects 

their quality. Factors such as water activity, temperature, 

the gaseous environment, and environmental pollutants 

have an impact on storage (Ceylan et al., 2006). 

Eggshells are enclosed in a cuticle, a protective layer 

that regulates the exchange of gases across the shell and 

acts as a first line of defense against microbial penetration 

across the eggshell (Samiullah and Roberts, 2014). 

Therefore, the washing of eggs is not recommended, 

especially for eggs from older hens with thinner shells, as 

it might result in damage to the cuticle leading to bacteria 

entering into the egg, thus risking the consumers’ lives. 

According to Hassan et al. (2005), storage time affects egg 

weight loss; hence ostrich eggs should be stored at 16
o
C 

for at least 7 days. The study by Sahan et al. (2003) 

showed that ostrich eggs must be stored at 21
o
C or less to 
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maximize hatchability, whereas Archer and Cartwright 

(2017) recommend storage temperatures of 13 to 18
o
C for 

no more than 10 days. Ograk and Altinel (2014) 

mentioned that ostrich eggs should not be stored for over 

10 days while Moreki et al. (2016) stated that ostrich eggs 

must be stored for at least 11 days to avoid degrading the 

egg quality characteristics. According to Wilson et al. 

(1997), the date the egg is laid is a factor that determines 

how long ostrich eggs can be stored. 

Many available published sources give estimates of 

the maximum storage time for ostrich eggs; however, it is 

difficult to find up-to-date information specifically 

suitable for Botswana’s climate and biological conditions. 

Therefore, the objective of this study was to investigate 

the effects of five storage periods (i.e., 0, 3, 6, 9, and 12 

days) on the ostrich egg quality characteristics at room 

temperature. 

 

MATERIALS AND METHODS 

 

Study site 

The experiment was carried out in May 2021 in the 

Meat Science Laboratory at the Botswana University of 

Agriculture and Natural Resources (BUAN), Gaborone, 

Botswana. 

 

Sample preparation 

The ostriches at Dibete Ostrich Multiplication Unit 

(DOMU), a government facility located about 100 km 

northeast of Gaborone, the capital city of Botswana, were 

sourced from South Africa and Zimbabwe at different ages. 

The DOMU is the only operational ostrich facility in the 

country from which we obtained the eggs for this study, as 

other facilities have collapsed due to myriad challenges, 

including the high cost of feeds, the frequent closures of the 

sole ostrich abattoir, lack of access to credit facilities and lack 

of technical extension support (Moreki et al., 2012). The 

ostriches found at DOMU are crosses of South African black 

and Zimbabwean blue. A total of 15 eggs used in this study 

came from multiple-age parents. DOMU is located on the 

periphery of Dibete village of Central District and lies within 

latitude 22
o
 south and 24

o
 south, north of Gaborone, and 

longitude 26
o
 west and 28

o
 west (Moreki et al., 2012). 

Eggs were bought according to the dates they were 

laid on the farm and were stored at five different storage 

periods, including 0, 3, 6, 9, and 12 days at room 

temperature (20-25
o
C). Eggs were placed in wooden trays 

with their sharp ends pointing downwards and stored at 

room temperature before data collection in accordance 

with Hassan et al. (2005). In this study, eggs were not 

covered during storage. The windows for the room in 

which eggs were stored were opened during the day and 

closed at night, indicating that the room was naturally 

ventilated. At 3-day intervals, three eggs were opened and 

analyzed for egg quality. 

 

Data collection 

Prior to breaking eggs for egg quality determination, 

eggs were individually weighed using an electronic scale 

sensitive to 0.01 g and their weight was recorded. Egg 

width and length were measured using Vernier calipers 

sensitive to 0.01 mm. Thereafter, eggs were carefully 

opened using a saw to avoid mixing the internal contents, 

including albumen and the yolk. The contents were 

removed from the shell and poured into containers. 

Following the emptying of the shell contents into a 

container, the shell with membranes was washed with 

clean water and wiped with a paper towel. Thereafter, 

shell thickness and shell weight were measured using a 

Vernier caliper and electronic scale, respectively (Nonga 

et al., 2010). Shell thickness was measured only at the 

equator of the egg. The weight of egg contents was 

obtained by subtracting shell weight from egg weight. 

The albumen and yolk were separated by pushing 

them into separate containers and weighed separately. 

After separating the yolk from the albumen, the height and 

the length of the yolk and albumen were measured using a 

Vernier caliper. The Haugh unit (HU), shell ratio, albumen 

ratio egg ratio, egg surface area, shell ratio, and egg 

specific gravity (ESG) were evaluated according to El-

Safty and Mahrose (2009) using the formulae below. 

 

Egg specific gravity (g/cm²) = Egg weight/Egg volume 

Egg shape index = Egg width/Egg length ∗ 100 

Shell ratio (%) = Shell weight/Egg weight ∗ 100 

Albumen ratio (%) = Albumen weight/Egg weight ∗ 100 

Yolk ratio (%) = Yolk weight/Egg weight ∗ 100 

Yolk index = Yolk weight/Yolk diameter∗ 100 

Haugh unit = 100 log (H - 1.7W0.37 + 7.6) 

 

Where, H is albumen height and W denotes the egg weight 

Egg surface area= 3.9782W
0.7056

  

Where, W is the egg weight 

 

Statistical analysis 

Data on egg quality traits were subjected to analysis 

of variance (ANOVA) and analyzed using Statistical 

Analysis System (SAS) Software (version 9.4, 2012). 

Duncan’s Multiple Range test was used to find significant 

differences among the means (p < 0.05). 
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RESULTS AND DISCUSSION 
 

Egg quality characteristics 

The effects of storage time on egg quality 

characteristics are presented in Table 1. The egg weight 

for eggs stored for 0, 3, and 6 days was not affected by 

storage time, compared to 9 and 12 days (p > 0.05). 

However, compared to 0, 3, and 6 days, storage time had 

a significant impact on egg weight at 9 and 12 days (p < 

0.05). Furthermore, the weight of eggs stored for 0 and 9 

days was similar to those stored for 3, 6, and 12 days (p 

> 0.05). Eggs that were kept for 9 and 12 days had 

similar weights. This finding agrees with Khan et al. 

(2014), who reported a negative effect of storing eggs for 

more than 3 days on egg weight, hatchability, embryonic 

development, and hatchling weight in Fayoumi chickens. 

Similarly, Samli et al. (2005) observed that egg weight 

decreased with an increased storage time of up to 10 

days. 

No statistical difference was observed for the egg 

shape index (ESI) of eggs stored for 0, 3, and 6 days, 

compared to eggs stored at 9 and 12 days (p > 0.05). The 

present results are consistent with Nedomova and Buchar 

(2013), who reported that ostrich ESI ranges between 

74.48% and 89.72%. The ESI for eggs stored for 9 and 

12 days in the present study were significantly affected 

by storage time, compared to those stored for 0, 3, and 6 

days (p < 0.05). Eggs stored for 9 and 12 days had 

greater ESI compared to eggs stored for 0, 3, and 6 days 

which was in agreement with Tabidi (2011). The ESI 

values in this study increased with prolonged storage. On 

the contrary, Tilki and Saatci (2004) found that the ESI 

of partridge eggs was not affected by storage from 0 to 

35 days. The differences in the results of this study and 

that of Tilki and Saatci (2004) could be attributable to 

species differences. 

According to Table 1, eggs stored for 3 and 6 days 

had greater shell weight compared to other treatments (p < 

0.05). Shell weight for eggs stored at 0, 9, and 12 days was 

not statistically different but differed from the shell weight 

of eggs stored for 3 and 6 days (p > 0.05). The shell 

weight of eggs stored for days 0, 3, and 6 significantly 

differed from those stored for days 9 and 12 (p < 0.05). 

These results are inconsistent with Juergens and Bessei 

(2016), who observed that prolonged storage time of up to 

28 days decreases shell weight. The average shell weight 

in the present study was 0.223 kg which is higher than the 

result reported by Moreki et al. (2016) who found the shell 

weight of ostrich eggs from multiple aged ostriches to 

range from 0.1750 to 0.1707 kg. The fluctuation in shell 

weight across the storage periods in this study may be 

attributable to the quality of water at DOMU in Botswana. 

Water supplied to birds at DOMU came from different 

sources due to water shortage at the farm. Balnave and 

Yoselewitz (1987) stated that eggshell quality could be 

negatively impacted over time by the water with high 

electrolyte concentrations (saline drinking water). This is 

because elevated levels of sodium interfere with calcium 

utilization, an important mineral in shell and bone 

formation. 

The surface area (ESA) of the eggs stored for 0, 3, 

and 6 days was not affected by storage time, whereas the 

ESA of the eggs stored at 9 and 12 days was significantly 

affected by storage time (Table 1). The average ESA in the 

present study was 606.36 cm
2
, which was higher than the 

value (506.41 ± 2.36) reported by Brassó and Komlósi 

(2021). The difference in the results may be due to the 

ostrich sub-species and nutrition. 

The storage time had no effect on the HU for the 

eggs held for 0, 3, and 6 days, compared to eggs stored 

for 9 and 12 days (p < 0.05). In contrast, the storage 

period had a significant effect on the HU for eggs stored 

for 9 and 12 days as opposed to those stored for 0, 3, and 

6 days because the HU decreased with increased storage 

time (p > 0.05). The mean HU value in this study was 

118.20, which is less than the value of 131.16 reported 

by Moreki et al. (2016) in ostrich eggs. According to 

Pleti et al. (2009), the HU above 100 shows a good 

quality ostrich egg. Khan et al. (2014) explained that HU 

decreases with increased storage time due to the loss of 

water from the egg. 

The albumen ratio for eggs stored for 0, 3, and 6 

days was not (p > 0.05) affected by storage time and was 

higher (p < 0.05) compared to eggs stored for 9 and 12 

days (Table 1). This is because prolonged storage results 

in more water moving from the albumen to the yolk. The 

current result agrees with Lapão et al. (1999) who 

observed that the albumen ratio in the ostrich egg 

decreases with storage time. In the study by Demirel and 

Kirikci (2009), it was observed that the HU, albumen 

index, and yolk index decreased with increased storage 

time due to the loss of water from the egg. Khan et al. 

(2014) also attributed the decrease in the albumen ratio 

to the movement of water from the albumen into the egg 

yolk. According to Lapão et al. (1999), the decrease in 

the albumen ratio may be due to an increase in the 

albumen pH, which can be solved by providing the 

ostrich with low-pH drinking water. In addition, Balnave 

et al. (2000) stated that the albumen ratio is negatively 

affected by increased protein dietary and amino acids 

content. It is further argued by Ekweozor et al. (2002) 

that the ingestion of crude oil has a negative effect on the 

albumen ratio. 

The yolk ratio was not affected by storage time (p > 

0.05). This finding is inconsistent with Khan et al. (2013; 

2014), who found that albumen index, albumen weight, 

yolk index, yolk weight, and HU all decreased after 

extended storage values in Fayoumi and Rhode Island Red 

eggs. Similarly, Tabidi (2011) reported that the yolk index 

decreases with storage. However, this result contradicts 

the finding of Khan et al. (2014), who reported that the 

yolk ratio is directly proportional to the storage time and 

that the yolk ratio increases with increased storage time 

due to egg water loss. 
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Table 1 The effects of storage time on ostrich egg quality characteristics 

Trait 
Storage time (days) Grand 

mean 

Standard error 

of the mean 0 3 6 9 12 

EWT, (g) 1284.00
ab 

1346.00
a 

1346.00
a 

1089.67
bc 

1050.00
c 

1223.13 51.73 

SI, (%) 74.60
c 

74.40
c 

74.10
c 

78.00
b 

81.30
a 

76.30 0.98 

SW, (g) 214.67
bc 

234.67
a 

238.00
a 

208.00
c 

224.00
bc 

223.87 7.29 

ECwt, (g) 0.170
c 

0.173
bc 

0.177
bc 

0.190
ab 

0.197
a 

0.181 0.0063 

ESA, (cm
2
) 620.98

ab 
641.92

a 
641.89

a 
552.98

c 
574.01

bc 
606.36 18.08 

HU 129.02
a 

131.11
a 

131.09
a 

100.0
b 

99.79
b 

118.20 0.79 

ARE 55.33
b 

54.63
B 

53.94
b 

44.93
a 

42.57
a 

50.28 1.67 

YKR 23.96
a 

29.25
a 

30.40
a 

29.75
a 

28.51
a 

28.37 3.04 

ESG, (g/cm
3
)

 
1.31

ab 
1.29

ab 
1.28

b 
1.39

a 
1.32

ab 
1.32 0.32 

SR 16.71
b 

17.44
bc 

17.68
abc 

19.20
ab 

19.55
a 

18.11 0.59 
abc Means within a row that do not share common superscripts differ significantly (P<0.05). EWT: Egg weight; SI: Egg shape index; SW: Shell weight; ESA: 
Egg surface area; HU: Haugh unit; SR: Shell ratio; ESG: Egg specific gravity; AR: Albumen ratio; YKR: Yolk ratio; ECWT: Weight of egg contents.  

 
Storage time did not affect the ESG of ostrich eggs 

stored for 0, 3, and 6 days. However, the storage time 

significantly affected the eggs that had been kept for 9 and 12 

days since ESG increased with longer storage (P<0.05). The 

average ESG value of 1.32 g/cm
3 

in the current study is 

consistent with the values obtained by Koutinhouin et al. 

(2014) and Moreki et al. (2016), who reported the ESG 

values of 1.13±0.006 g/cm
3 

and 1.16±0.007 g/cm
3
, 

respectively for ostrich eggs. However, Keffen and Jarvis 

(1984) found that the average ESG of ostrich eggs was 2.0 ± 

0.84 g/cm
3
. The differences in ESG values in these studies 

may be due to the age of birds, nutrition, and climatic 

conditions. 

The shell ratio increased (p < 0.05) with prolonged 

storage (Table 1). The shell ratio for eggs stored for 12 days 

was significantly (p < 0.05) higher than those of eggs stored 

for 0 and 3 days. However, the shell ratios for storage periods 

6, 9, and 12 were similar (p > 0.05). In addition, the shell ratio 

for eggs stored for 0, 3, 6, and 9 was not significantly 

different (p > 0.05) from each other. The average shell ratio in 

this study was 18.11%. This result is closer to the average 

shell ratio of 19.8% obtained by Hoffman and McMillin 

(2009) in ostrich eggs. The difference in shell ratios could be 

attributable to the age of the hen, genotype, calcium 

deposition, and strain of the bird (Ketta and Tůmová, 2016). 

 

CONCLUSION 

 

Based on the Haugh unit values, which indicate the 

freshness of the egg, ostrich eggs can only be stored for up 

to six days at room temperature without significantly 

losing quality.  
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ABSTRACT 
One of the most prominent viral diseases affecting the poultry industry is hydropericardium syndrome caused 

by fowl adenoviruses. Hydropericardium syndrome has recently led to significant economic losses in the 

Egyptian poultry sector. Many outbreaks of hydropericardium syndrome have been documented across the 

country in the last few years. This research examined the epidemiology and molecular characterization of fowl 

adenoviruses in broiler chickens in Egypt. Samples were taken from 26 outbreaks of commercial broiler 

chicken farms in the Beheira and Menofia governorates, Egypt, from January 2021 to March 2022. 

Adenoviruses genomes were detected in cloacal swabs of 10 flocks using polymerase chain reaction. 

Clinically, infected broiler chickens (Cobb, Ross, Indian River, Modified-Avian, and Arbor Acres) showed 

depression, ruffled feathers, retarded growth, and ascites, with mortality rates of 10-28%. The most common 

postmortem lesions were hydropericardium, yellowish enlarged liver with ecchymotic hemorrhages, 

pancreatitis, and enteritis. Histopathologically, intranuclear inclusion bodies, commonly basophilic type, were 

scattered in the hepatocyte, proventriculus, duodenum, kidney, pancreas, and spleen. In addition, depletion of 

lymphocytes in the bursa of Fabricius and the thymus was observed. Seven samples were selected for gene 

sequencing of the loop 1 region of the hexon gene. The sequence analysis revealed that all samples were 

identical and similar to fowl adenoviruses species D serotype 2/11, suggesting that this serotype was the 

predominant fowl adenoviruses circulating in the study location in the last two years. Further studies are 

required to address the pathogenicity of isolated fowl adenoviruses and evaluate the vaccine used to control 

fowl adenoviruses in Egypt. 
 

Keywords: Fowl adenoviruses, Hexon, Hydropericardium syndrome, Phylogenetic analysis, Polymerase chain 

reaction 
 

 

INTRODUCTION 
 

Fowl adenoviruses (FAdVs) belong to the genus 

Aviadenovirusin the family Adenoviridae. FAdVs are 

serologically classified into five species (FAdV-A to 

FAdV-E) according to restriction enzyme digestion 

pattern (Hess, 2000) and 12 serotypes (FAdV-1 to -8a 

and -8b to -11) based on serum cross-neutralization tests 

(Meulemans et al., 2004). The most common diseases 

caused by FAdVs-infection are inclusion body hepatitis 

(IBH), hydropericardium syndrome (HPS), and gizzard 

erosions (Hess, 2000). Hydropericardium syndrome is 

the most serious form, as it causes a high mortality rate 

(Kataria et al., 2005).  

Hydropericardium syndrome was first observed in 

Angara Goth, Pakistan, in 1987 and has been  named 

hydropericardium–hepatitis syndrome/Angara disease in 

Pakistan, Litchi heart disease in India, or inclusion body 

hepatitis-hydropericardium syndrome (IBH–HPS) in other 

places (Anjum et al., 1989). This disease affects broiler 

chickens at 3-6 weeks of age and can be transmitted 

vertically from infected chicken to young broiler, which 

becomes more susceptible to infection (Schachner et al., 
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2021). The symptoms include sudden onset, anemia, 

retarded growth, depression, crouching position with 

ascites, which can lead to an increased mortality rate of up 

to 60% and immune depression (McFerran and Adair, 

2003; Hafez, 2011). Due to their possible 

immunosuppressive properties, FAdVs can make chickens 

more susceptible to other microbes by decreasing humoral 

and cell-mediated immunity (Schonewille et al., 2008). The 

most prominent lesions are an enlarged, hemorrhagic, 

friable liver, hydropericardium with a flabby congested 

heart, swollen and hemorrhagic kidneys, and mottled spleen 

(Cizmecigil et al., 2020). Pathologically, HPS is 

characterized by massive degeneration and necrosis of the 

liver, heart, kidney, and lung with large basophilic 

intranuclear inclusion bodies in the liver and severe 

hyperemia and edema in kidney and lung (Maartens et al., 

2014; Niu et al., 2018). 

FAdVs Species D and E have mainly been 

associated with outbreaks of IBH (Mohamed et al., 

2018; Kiss et al., 2021), while most HPS is caused by 

(species C) serotype (4, 9 and 10), especially the virulent 

serotype (FAdV-4; Schachner et al., 2014). However, 

Chen et al. (2017) reported that any of the twelve FAdV 

serotypes could cause IBH or HPS in broiler chickens, 

with a mortality rate ranging from 10% to 60%. 

Conventional and molecular methods are employed 

to diagnose IBH/HPS, followed by sequencing to 

differentiate FadVsserotypes (Mittal et al., 2014). The 

serotype-specific gene sequence of the adenovirus is the 

hexon gene. It is a major adenovirus protein that 

possesses the neutralizing epitope used for serotyping 

FAdV (Niczyporuk, 2018). Since the FadVs have not 

gained much attention in Egypt, no vaccinations are 

currently available for use in the poultry sector. 

However, many studies have reported the spread of 

different serotypes in different Egyptian poultry farms, 

including FAdVs species D serotype2-11 (El-Tholoth 

and Abou El-Azm, 2019; Elbestawy et al., 2020), FAdV 

species E serotype 8a (Radwan et al., 2019), and FAdV 

serotypes 1, 3 and 8b (Adel et al., 2021). 

The present study aimed to identify the current 

circulating FAdVs in Egypt by focusing on its 

pathological and molecular characterization using partial 

hexon gene DNA sequencing and phylogenetic analysis 

of obtained sequences. The results were then compared 

with other previously reported sequences in Egypt and 

other countries, which may be helpful in developing an 

efficient vaccination program in Egypt. 

 

MATERIALS AND METHODS 

 
Ethical approval 

Infected broiler chickens were euthanized 

humanely then samples were collected following the 

regulations of the General Organization for Veterinary 

Services and Animal Health Research Institute, Giza, 

Egypt (AHRI 191221). 

 
History of investigated broiler chicken flocks 

From January 2021 to March 2022, a total of 26 

broiler chicken flocks with a history of 

hydropericardium and variable mortality rates were 

examined for diagnosis of possible causes. These flocks 

representing different broiler chicken breeds (5 Cobb, 5 

Ross, 4 IR, 7 Modified-Avian, and 5 Arbor Acres) were 

localized in Beheira (n = 15) and Menofia (n = 11) 

governorates in Egypt. All of them were unvaccinated 

against FAdV and negative for chicken anaemia virus, 

Infectious bursal disease virus, and reovirus using 

Polymerase chain reaction (PCR). Farms capacity ranged 

from 5000 to 19000 chicks. The chickens under 

examination were within the age range of 6-38 days. 

Infected broiler chickens showed depression, retarded 

growth, ascites, watery diarrhea, and variable mortality 

rates (Table 1). The main observed gross lesions in the 

examined flocks were pale, swollen livers with sub-

capsular ecchymotic hemorrhages and 

hydropericardium. 

 
Samples for histopathological examination 

Tissues for histopathological examination from 

positive broiler flocks were collected from the liver, 

lung, spleen, kidney, heart, pancreas, proventriculus, 

bursa of Fabricious, thymus, and intestine of 10 freshly 

dead or euthanized infected broiler chickens aged 6 to 38 

days. The samples were placed immediately in 10% 

neutral buffered formalin, sectioned, and stained with 

hematoxylin and eosin for pathological examination 

(Bancroft and Layton, 2013) using 10-20-40 lenses of 

the microscope (Micros Austria, Austria). 

 
Samples for molecular detection of fowl 

adenoviruses 

About 270 cloacal swabs from 26 broiler chicken 

flocks (10 from each flock) were obtained for FAdV 

molecular detection. Every10 different cloacal swab was 

pooled and dissolved in 1 mL of 7.4 pH phosphate-

buffered saline. 
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Table 1. Epidemiological data of FAdV positive from broiler chicken flocks 

Serial farm 

Number 

NCBI 

Accession 

Number 

Location in Egypt Date 
Broiler 

breed 

Age 

(day) 
Clinical signs 

Mortality 

percentage 

1  Menofia Jan. 2021 Arbor Acres 12 Ascites 10% 

2 * OP297554 Menofia Oct. 2021 Ross 36 Ascites 13% 

13* OP297555 
Beheira, 

Shubrakhit 
Jan. 2021 Cobb 6 

Retarded growth 

and ascites 
28% 

16 -- Beheira, Edco Oct. 2021 Ross 27 Ascites 23% 

17* OP297556 Beheira, Badr Dec.2021 
Indian River 

(IR) 
27 

Retarded growth 

and ascites 
27% 

21 -- 
Beheira,Abu El 

Matamir 
Dec.2021 Arbor Acres 22 

Retarded growth 

and ascites 
28% 

23* OP297557 

Beheira, 

Mahmoudiyah, 

Dayrut 

Jan. 2022 
Modified 

avian 
32 

Retarded growth 

and ascites 
25% 

24* OP297558 

Beheira, 

Mahmoudiyah, 

Fazara 

Feb.2022 
Modified 

avian 
30 

Retarded growth 

and ascites 
20 % 

25* OP297559 

Beheira, 

Mahmoudiyah, 

Monia Al-Saeed. 

Mar. 2022 
Modified 

avian 
32 

Retarded growth 

and ascites 
12 % 

26* OP297560 Menofia Feb.2022 Cobb 35 
Retarded growth 

and ascites 
22 % 

*: Chosen samples for sequence. 

 

Isolation and propagation of fowl adenoviruses in 

liver chicken embryo  

The cloacal swabs supernatant was inoculated in the 

confluent monolayers of liver chicken embryo cells 

(CEL) obtained from 14 to 16-day-old specific pathogen-

free embryos and incubated for 3-4 days until an intensive 

cytopathogenic effect was noticed using an inverted 

microscope (Olympus, Japan) as described by Mohamed 

Sohaimi et al. (2019). Virus isolation was performed 

using PCR to detect FAdVs in the collected supernatant 

of harvested tissue culture fluids.  

 

Fowl adenoviruses molecular detection 

Nucleic acid extraction  

Total viral nucleic acid was extracted from 200 μL 

of the cloacal swabs supernatant using 

QIAampDNAMinikit (Qiagen, Valencia, CA, USA) 

following the manufacturer’s protocol. 

 

PCR detection 

The PCR was conducted using the EmeraldAmp 

Max PCR Master Mix (Takara, Japan) with hexon gene-

specific primers (F: 

ATGGGAGCSACCTAYTTCGACAT, R: 

AAATTGTCCCKRAANCCGATGTA) according to 

Raue et al. (2005). As the initial denaturation step, the 

PCR reaction was heated at 95◦C for 5 minutes. Then, 40 

cycles of; denaturation at 94
◦
C for 30 seconds, primer 

annealing at 58°C for 30 seconds, and elongation at 72°C 

for 45 seconds, followed by a final elongation step of 7 

minutes at 72°C. The PCR product was analyzed by 

agarose gel electrophoresis to visualize the specific band 

at 590 bp by UV Trans illuminator. 

 

Partial hexon gene nucleotide sequencing 

Seven FAdVs samples were selected for partial 

hexon gene sequencing as they gave clear PCR bands 

indicating a higher viral load. Specific DNA bands with 

590 bp size were excised from the gel, and the PCR 

products were extracted using QIAquick Gel Extraction 

Kit (QIAGEN, Hilden, Germany) according to the 

manufacturer’s instructions. The purified PCR products 

were subjected to sequencing reactions with the forward 

and reverse primers in two reactions using a Big Dye 

Terminator v3.1 Cycle Sequencing Kit (Applied 

Biosystems, Foster City, CA) according to the 

manufacturer’s specifications. The obtained sequences 

were submitted to NCBI Gene bank 

(https://www.ncbi.nlm.nih.gov/WebSub/). 

Similarity percent between strain sequences in this 

study and other published sequences in the NCBI 

database was done using Lasergene software. The 

nucleotide sequences were analyzed by the BIOEDIT 

program (Hall, 1999) using the Clustal W alignment 

algorithm. The obtained sequences in this study were 

aligned with the adenovirus field and reference strain 
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sequences from different countries accessible in the NCBI 

GenBank database. Phylogenetic trees were constructed 

by the maximum likelihood method using MEGA 6 

software (Tamura et al., 2013). 

 

RESULTS 

 

Epidemiological findings 

A total of 26 suspected FAdVs-affected broiler 

chicken flocks were investigated from January 2021 to 

March 2022 in Egypt provinces (Beheira and Menofia). 

The obtained data are presented in Table 1. The owner’s 

complaints were generally about ascites, depression, 

retarded growth, increased susceptibility to various 

diseases, vaccination failure, morbidity rates ranging 20-

38%, and mortality of 10 to 28% 

 

Clinical signs and postmortem lesions 

The infected broiler in investigated flocks showed 

retarded growth, depression, ruffled feathers, and a 

crouching position with ascites (Figure1 A and B). All 

infected chickens had hydropericardium, which is an 

accumulation of extra straw or amber-colored fluid in the 

pericardial sac (Figure 1 C). The pericardial sac contained 

a flabby, floating heart having congested blood vessels 

with hemorrhagic pericardial fat (Figure 1 D). The liver 

was pale, enlarged, and friable, with variable areas of 

necrosis and some petechial hemorrhages (Figure 1 C, D, 

and E). The duodenum was hemorrhagic (Figure1 F). 

Other lesions included congested and edematous lungs, 

slightly enlarged spleen, hemorrhagic and swollen 

kidneys with necrotic foci, and atrophy of the bursa of 

Fabricius and the thymus. 

 

 
Figure 1. Clinical signs and postmortem lesions of broiler chickens infected by Hydropericardium syndrome. A: Broiler chicken 

looks listless, with ruffled feathers and in a crouching position. B: Severe ascites (Black arrow). C: The pericardial sac was distended with 

clear straw-colored fluid (Asterisk) and the liver was enlarged and mottled, with extensive necrosis (Black arrow). D: The heart was seen 

within the dilated pericardial sac engorged with blood (black arrow) and the liver was swollen and friable (Asterisk). E: Necrotized liver 

with some petechial hemorrhages (Black arrow). F: Hemorrhagic duodenitis (Black arrow). 
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Figure 2. Pathological lesions of liver, proventriculus, duodenum and kidney of infected broiler chickens with FAdVs. A: 

Liver tissue, hepatic vacuolar degeneration, and necrosis with large basophilic (black arrows) and eosinophilic (green arrow) intranuclear 

inclusion bodies. B: Proventriculus tissue, the presence of intranuclear inclusion bodies in the epithelial cells of glandular lobules. C and D: 

Duodenumtissue, intranuclear inclusion bodies (Black arrow) with necrosis of intestinal villi with lymphocytic infiltration, edema, and 

hemorrhage in the submucosa. E and F: Kidney tissue, interstitial edema, and severe degeneration and necrosis of renal tubules and 

intranuclear inclusion bodies in the glomerular and tubular epithelium (Black arrow, H&EX200).  

 

Histopathological lesions  

Different organs of 10 dead or euthanized chickens 

from each positive flock were selected for 

histopathological examination and showed similar 

histopathological lesions. Massive intranuclear basophilic 

and eosinophilic inclusion bodies were the obvious 

feature of the liver which was widely distributed but 

frequently observed near the areas of necrosis (Figure 2 

A). Other than the liver, intranuclear inclusion bodies 

were detected in a variety of organs, as in the epithelial 

cells of glandular lobules of the proventriculus (Figure 2 

B), duodenum (Figure 2 C), renal glomeruli and tubules 

(Figure 2E), glandular cells of the pancreas (Figure 3 C) 

and inside the lymphocytes of the spleen (Figure 3 D). In 

addition, the intestines of infected chickens showed 

enteritis and necrosis with sloughing of the intestinal 

mucosa by lymphocytic infiltration of the submucosa 

(Figure 3 D). The kidneys displayed vacuolar 

degeneration and necrosis of renal tubules with interstitial 

edema and hemorrhage (Figure 3 F). Heart revealed 

pericardial edema with noticeable infiltration of 

heterophils and monocytes between myocytes (Figure 3 

A). Lung indicated pneumonia with perivascular edema, 

hemorrhages, and alveolar infiltration of inflammatory 

cells (Figure 3 B). Diffuse focal necrosis of glandular 

cells of the pancreas (Figure 3 C), as well as depletion of 

lymphocytes in the bursa of Fabricius and thymus, were 

observed (Figures 3 E and F). 

 

Fowl adenoviruses detection in commercial 

broiler farms 

Of 26 tested samples, 10 (38.46%) were positive for 

FAdV by PCR. Seven gave intense PCR bands, so they 

were chosen for DNA sequencing, while the other three 

samples gave faint bands (Figure 4). Data of positive 

samples are shown in Table 1. 

 

Isolation of fowl adenoviruses in chicken 

embryo liver cells 

The positive samples of FAdVs species D serotype 

2/11 were cultured in CEL cells. The cytopathic effect 
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appeared after 4 days including cell clumping and 

sloughing (Figure 5). Successful isolation of the virus on 

CEL cells was confirmed by positive PCR results for the 

harvested tissue culture fluids. 

 

DNA sequencing of the partial hexon gene 

Blast analysis of seven sequenced FAdVs in this 

study revealed that the nucleotide identity percent of the 

detected FAdVs sequences with the available Egyptian 

strains on the NCBI GenBank database ranged from 

53.8% to 100% (Figure 6). The highest identity percent 

was with FAdV species D strains (93.3%-100%) while 

with FAdV serotype 8a was 70.6% followed byFAdV 

serotype 8b (67.8%),FAdVspecies B (63.5%,FAdV 

species A (56.1%), and lowest identity was forFAdV 

serotype 4 (53.8%; (Figure6). Sequence alignment of the 

obtained sequences revealed that the 7 FAdVs strains 

detected in this study were identical. This suggests that 

FAdVs species D is an important cause of HPS in Egypt 

between 2021 and 2022. 

The partial hexon gene sequences of seven 

representative FAdV-D strains (Men1, Beh1, Beh2, Beh3, 

Beh4, Beh5, and Men2) detected in this study were 

submitted to the NCBI GenBank under accession 

numbers (OP297554, OP297555, OP297556, OP297557, 

OP297558, OP297559 and OP297560), 

respectively.Phylogenetic analysis of FAdVs indicated 

that these strains clustered with Egyptian FAdVs species 

D serotype 2/11strains, such as dmn2, kfr4, bst11, sin1, 2, 

3, 4, and AD1, 4, 7, 9 (Figure 6). Moreover, FAdVs 

strains detected in the current study are closely related to 

those isolated from other countries, such as Germany 

(isolate 08-8872), Sweden (strain GB 1340-11), 

Spain(strain 12-2014), Japan (strain Gunma 2009) and 

Israel (strains 3346, 3114, 1917, Figure 7). 

 

 
Figure 3. Pathological lesions of heart, lung, pancreas, spleen, bursa of Fabricius, and thymus of positive FAdVs infected 

broiler chickens. A: Heart, severe pericardial edema (asterisk) with myocytic necrosis and heterophilic and monocytic cell infiltration 

(Black arrow, H&E X 100, 200). B: Lung, pneumonia with massive edema and inflammatory cell infiltration (H&E X 200). C: Pancreas, 

diffuse glandular cell necrosis (asterisk) with intranuclear inclusion bodies (Black arrow, H&E X 200- 400). D: Spleen, intranuclear 

inclusion bodies in the splenic lymphocytes (Black arrow, H&E X 400). E: Bursa of Fabricius, and F: Thymus, showed lymphocytic 

depletion (H&E X200).   
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Figure 4. Agar gel electrophoresis of the amplified products of the partial hexon gene. Showing ladder: DNA marker, Pos: 

positive control with molecular weight 590bp, Neg: Negative control. Samples number 2, 13, 17, 23, 24, 25, and 26 showed 

clear bands and samples number 1, 16, and 21 showed faint bands. 

 

 
Figure 5. Cytopathic effect of FAdV on CEL cells in comparison with normal CEL cells. A: spindle shape of the liver cells 

(Control). B: Growth of FAdV on CEL cell culture in form of small and large areas of focal cell death with the beginning detachment of the 

cells at 4 days post-infection (X10). 
 

 
Figure 6. Pairwise analysis for nucleotide sequences of seven targets Egyptian FAdVs strains isolated from broiler chickens 

and other related strains. 
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Figure 7. Phylogenetic tree for the nucleotide sequence of Loop1 region on hexon gene of FAdVs shows that the seven 

Egyptian strains of this study (labeled with black circle) which were isolated from broiler chickens are related genetically to 

FAdVs species D 
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DISCUSSION 

 

Several avian species, including wild birds and domestic 

poultry, have recently been infected by fowl adenoviruses 

(Mohamed et al., 2018). Due to FAdVs spreading in the 

last years among chicken farms in Egypt and its effect on 

the elevation of mortalities and poor performance (El 

bestway et al., 2020; Adel et al., 2021), the current study 

was performed on 26 suspected chicken flocks to detect 

FAdVs incidence and genetic characterization of obtained 

viruses.  

In the present study, clinical signs and postmortem 

lesions, especially hydropericardium, the most 

pathognomic postmortem lesions for HPS, were 

extensively detected, which is similar to previous studies 

(Chen et al., 2017; Schachner et al., 2018; Sultan et al., 

2021). The variation in mortalities (from 10% to 28%) 

could depend on the age and susceptibility of the 

chicken’s breed, the condition of the chicken’s immune 

system, virus infection load, and/or concurrent infection 

with other infectious agents (Schachner et al., 2018). 

Microscopically, the liver showed vacuolar 

degeneration and acute hepatic necrosis with intranuclear 

inclusion bodies in hepatocytes, which are signs of HPS 

and IBH infection. There were two types of intranuclear 

inclusions, namely basophilic and eosinophilic inclusions. 

The dense basophilic inclusions occupied most of the 

nucleus, which was enlarged with chromatin margination, 

and the eosinophilic inclusions with a halo around them. 

Presence of both basophilic and eosinophilic inclusions 

was similar to previous studies by Elbestway et al. (2020), 

Abouzied et al. (2021), and Ishag et al. (2022). The 

basophilic inclusions were found to be virus particle 

aggregation, whereas the eosinophilic inclusions were 

fibrillar-granular material and crystal aggregation (Itakura 

et al., 1977). In most cases, basophilic inclusions were 

formed first, followed by eosinophilic inclusions. 

Basophilic inclusions in the liver, kidney, proventriculus, 

intestine, pancreas, and spleen indicate a severe and rapid 

infection with FadVs (Nakamura et al., 2011). The cause 

of hydropericardium and ascites in chickens was acute 

hepatic necrosis leading to hepatic failure and 

consequently heart circulatory failure (Nakamura et al., 

2002). Heart circulatory failure causes acute hydremia 

and hypoproteinemia resulting in the large immediate 

effusion of pericardial fluid through the blood capillaries 

of the epicardium into the pericardial sac, leading to 

hydropericardium that might impair heart function by 

decreasing sound, filling with blood and pulse pressure 

leading to death (Nakamura et al., 1999). The heart had 

severe edema and hyperemia in the pericardium, and 

cardiac myocytes were necrotized with moderate 

neutrophil and monocyte infiltration. These lesions were 

according to the findings of previous studies by Niu et al. 

(2018) and Ishag et al. (2022 ). There was also severe 

pneumonia, perivascular edema, and hemorrhage in 

infected chickens, which was reported in studies by 

Kataria et al. (2013) and Niu et al. (2018). In the kidneys, 

there were considerable edema and hemorrhage in the 

renal interstitium, as well as massive vacuolar 

degeneration and necrosis of renal tubules similar to that 

mentioned by Kataria et al. (2013), Zhao et al. (2015) and 

Niu et al. (2018). Zhao et al. (2015) also reported severe 

enteritis of the intestinal mucosa, edema, and hemorrhage 

in the submucosa of the duodenum. The current results 

agreed with previous studies regarding intranuclear 

inclusion bodies in epithelial cells of renal tubules 

(Schachner et al., 2018; Ishag et al., 2022), glandular cells 

of the pancreas (Nakamura et al., 2011), glandular lobules 

of proventriculus and duodenum (Nakamura et al., 1999), 

and inside the lymphocytes of the spleen (Ishag et al., 

2022) as well as lymphocytic depletion of the bursa of 

Fabricius and thymus (Matos et al., 2016). 

Of 26 samples, 10 (38.46%) from Beheira and 

Menofia were positive for FAdV using primers that target 

the L1 region of the hexon gene. Similarly, previous 

studies in Egypt indicated FAdV in 45% of flocks in 

Alexandria, Beheira, and Kafr El Sheikh governorates 

(Elbestawy et al., 2020), and 22% in Behira governorate 

(Radwan et al., 2019). However, Abouzied et al. (2021) 

reported 11 positive samples (out of 14) from the North 

Sinai governorate, Egypt. The difference in virus 

detection from suspected flocks may be due to the course 

of the virus, virus infection load, age of the chicken, and 

its immune status. 

In the present study, genetic sequencing for the 

590bp DNA fragment of loop 1 of the hexon gene of 

seven FAdVs was done using the same PCR primers since 

this gene is used for FAdVs serotyping and produces the 

main protein against which the neutralizing epitope was 

directed (Niczyporuk, 2018). 

Neighbor-joining based phylogenetic tree was 

constructed using sequences of this study and obtained 

sequences from Egypt and other countries representing 

different FAdVs species and serotypes. The analysis 

showed that present sequences were clustered into FAdV 

species serotype 2/11. This serotype was previously 

recorded in Egypt in different governorates, such as 
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Alexandria, Beheira, Kafr El Sheikh, Sharkia, North 

Sinai, Assiut, Daqahlia, Sohag, and El Wadi El gedid 

(Elbestawy et al., 2020; Abouzied et al., 2021; Adel et al., 

2021; Safwat et al., 2022) indicating the dominance and 

wide spread of this serotype in Egypt. Globally, 34% of 

FAdV isolates from 38 countries were classified as FAdV 

Species D (Kiss et al., 2021). Moreover, the sequences of 

the current study were close to other published sequences 

from countries, such as Germany, Spain, and Japan 

(Marek et al., 2010; Mase et al., 2012; Schachner et al., 

2016, Figure 7). 

Nucleotide identity between sequences in this study 

and other selected sequences from Egypt and other 

countries was performed using Lasergene software. The 

tested strains and the reference strain had a high 

nucleotide similarity of 99.3% to 100% with other FAdV-

D strains previously detected in Egypt during the last four 

years (Elbestawy et al., 2020), which previously detected 

the same serotype from 17 different poultry farms. This 

study revealed that the virus is still present, creating 

significant losses in Egyptian poultry flocks. 

The Beh1, 2, 3, 4, 5 and Men1, 2 showed high 

divergence from the FAdVs strains previously detected in 

Egypt that belong to FAdVs species A, B, C, and E 

(Figure 6) as the identity percent with them ranging 53.8-

70.6%.  

The studied strains showed high similarity with 

FAdVs species D detected in Germany, Spain, Sweden, 

and Japan (more than 99%), while the similarity percent 

was lower with FAdVs-D detected in Canada (96.8%) and 

Saudi Arabia (93.3%, Figure6) indicating its continuous 

circulation in different geographic areas of the world 

causing significant losses. 

 

CONCLUSION 

 

This study identified FAdV in 10 broiler flocks suffering 

from HPS and located in Beheira and Menofia provinces 

of Egypt using molecular and histopathological 

techniques during 2021-2022. Partial hexon gene DNA 

sequencing of detected FAdVs revealed that all of them 

are identical and classified as FAdV species D suggesting 

that this FAdV species is the most important cause of 

HPS in Egypt. Ascitis and hydropericardium are the main 

postmortem lesions, while intra-nuclear inclusion bodies 

in the liver are the main histopathological finding 

observed in infected flocks. Further investigations are 

essential to determine the epidemiology of the FAdVs 

subtypes in all geographic areas of Egypt and investigate 

its pathogenicity and full genome characterization to 

implement protective control measures, including the 

application of homogenous or multivalent vaccines to 

prevent further losses in poultry flocks. 
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ABSTRACT 
Currently, poultry specialists are working hard to find feed additives of natural origin. Medicinal plants are a 

source of a wide range of biologically active compounds with multifunctional effects, including antimicrobial 

ones. To understand the potential use of various medicinal plants and their extracts in poultry farming, the 

current study aimed to investigate the effect of feeding different doses of water-ethanol extract of Urtica 

dioica (Urtica dioica L.) on the egg productivity of laying hens. A total of 300 laying hens were divided to 

control and five experimental groups of chickens, each with 5 replicates. During the entire experiment, the 

laying hens of the control group were fed complete compound feeds according to the egg-laying phase, and the 

chickens of the experimental groups were additionally fed Urtica dioica extract in different doses. The results 

indicated that feeding laying hens with Urtica dioica extract in doses of 5, 10, 15, 20, and 25 mg/kg of body 

weight had a positive effect on their egg productivity. An increase in egg production per average laying hen in 

the experimental groups was 2.6-6.1%, and the intensity of egg production was 2.1-5.4%, compared to the 

control. However, the feed consumption in all experimental groups decreased. When introducing Urtica dioica 

extract into full-fledged compound feeds for laying hens, there was an increase in the relative egg white 

content, egg white/egg yolk ratio, and a decrease in relative yolk and shell content. Accordingly, it is 

suggested to include Urtica dioica extract at a dose of 15 mg/kg in the diet of laying hens which can improve 

economic efficiency and egg parameters. 
 

Keywords: Chemical composition, Egg morphology, Egg production, Feed conversion, Medicinal plant 
 

 

INTRODUCTION 
 

In recent decades, poultry specialists have been actively 

interested in the use of plant-based additives in poultry 

feeding, which can provide high zootechnical indicators, 

improve the safety of poultry, and contribute to the 

normalization of metabolism (Abilov et al., 2021; Butt et 

al., 2022). On the other hand, the modern conditions of the 

industry necessitate the use of drugs that do not cause drug 

resistance and have a multifunctional effect. Phyto-biotics, 

including feed additives derived from Urtica dioica 

medicinal plant (Urtica dioica L.), can be effective in this 

regard. The interest in Urtica dioica for its use in feeding 

poultry is associated with the content of a significant 

amount of biologically active compounds in its leaves, 

which can cause different positive effects. Thus, Urtica 

dioica leaves contain terpenoids (Gül et al., 2012) and 

carotenoids (Kukric et al., 2012), including β-carotene, 

neoxanthin, violaxanthin, lutein, and lycopene (Guil-

Guerrero et al., 2003), fatty acids, especially palmitic, cis-

9,12-linoleic and α-linolenic acids (Bağci, 2002; Guil-

Guerrero et al., 2003), various polyphenolic compounds 

(Rutto et al., 2013; Orcic et al., 2014), essential amino 

acids, chlorophyll, vitamins, tannins, carbohydrates, 

sterols, polysaccharides, isolectins (Guil-Guerrero et al., 

2003; Sajfrtová et al., 2005; Kukric et al., 2012), and 

minerals (Kara, 2009), the most important of which is 

iron. A study conducted by Augspole et al. (2017) showed 

that Urtica dioica was richer in individual polyphenols, 

compared to other wild plants. The advantage of Urtica 

dioica leaves in the content of phenolic compounds, 
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compared to dandelion leaves, was found by Ghaima et al. 

(2013). Rutin is noted by Vajic et al. (2015) as the 

predominant phenolic compound in nettle leaves. 

According to Nasiri et al. (2011), Urtica dioica is the only 

plant containing choline acetyltransferase synthesizing 

acetylcholine. 

Urtica dioica contains various compounds with 

antioxidant action, including terpenoid phenol, flavonoids, 

alpha-tocopherol, and ascorbic acid (Surai et al., 2019). 

Carvacrol and carvone are the main terpenoids of nettle 

with antioxidant, growth-stimulating, antibacterial, and 

antiviral effects (Upton, 2013). Terpenoids and phenolic 

compounds in Urtica dioica suppress oxidative stress 

through different mechanisms, such as inhibition of lipid 

peroxidation, activation of antioxidant enzymes, chelation 

of metals, and an increase in uric acid levels (Behrooj et 

al., 2012). 

Several studies have found that biologically active 

compounds of Urtica dioica can exhibit stronger 

antibacterial activity than synthetic antimicrobial drugs. 

Modarresi-Chahardehi et al. (2012) considered the 

antimicrobial activity of nine extracts of Urtica dioica 

obtained by various methods using organic solvents. Of 

nine extracts, four types suppressed the growth of Gram-

negative and five types could inhibit Gram-positive 

bacteria. Ethyl acetate extracts of Urtica dioica showed 

the highest antimicrobial activity. Some studies have 

indicated that the use of Urtica dioica in feeding farm 

animals and poultry has a positive effect on their 

productivity, resistance, and the state of the microbiota of 

the gastrointestinal tract (Wenk, 2000). 

The use of extracts obtained from Urtica dioica in 

poultry diet is of particular interest. In this regard, the 

current study aimed to determine the optimal doses of 

Urtica dioica extract in mixed feed for the egg 

productivity of chickens. 

 

MATERIALS AND METHODS 

 

Ethical approval 

The study was conducted and certified based on the 

ethical rules of Kuzbass State Agricultural Academy, 

Russia. 

 

Study design 

The research was carried out on laying hens (Hisex 

White cross breed) of a poultry farm located in Kuzbass, 

Russia, aged 49 weeks. A total of 300 laying hens were 

randomly selected from the study area and were divided 

into five experimental groups and one control group. Each 

group had 5 replicates, including 10 laying hens. The hens 

were managed based on the last recommendations of the 

management guidelines of the breed during the study.  

When dividing laying hens into groups, the age and 

body weight of laying hens were taken according to the 

requirements of the methodology developed in VNITIP 

(Rinttilä and Apajalahti, 2013). The chickens were fed 

with a full-fledged compound feed according to the egg-

laying phase. The chickens of the experimental groups 

were additionally fed Urtica dioica extract in different 

doses based on the main biologically active compounds of 

the plant (Devkota et al., 2022). Laying hens of the first, 

second, third, and fourth experimental groups received 

Urtica dioica at 5, 10, 15, 20, and 25 mg/kg of body 

weight, respectively. 

Urtica dioica extract was obtained through water-

ethanol extraction. It contains flavonoids (in terms of 

quercetin, 4.26%), 2.53% ascorbic acid, 1.17% caffeic 

acid, 0.25% ferulic acid, 0.12% carotenoids, and 0.005% 

coumarins (in terms of scopoletin). The number of 

biologically active compounds met the requirements of 

regulatory agents (Bagno et al., 2019). The experiment 

lasted 6 months. The average egg-laying and the average 

egg weight were calculated according to the previous 

study by Rinttilä and Apajalahti (2013). The safety of the 

chickens was evaluated as a percentage of the initial 

livestock for the entire period of the research.  

The morphological and chemical compositions of 

eggs were determined according to previously accepted 

methods (Rinttilä and Apajalahti, 2013; Tikhomirov and 

Fomin, 2018). The contents of moisture, protein, fat, and 

ash were determined in the collected egg sample.  

The European Efficiency Coefficient (EEC) was 

used to assess the efficiency of egg production: 
EEC = (1,4 × 𝑒𝑔𝑔 𝑚𝑎𝑠𝑠 𝑝𝑒𝑟 ℎ𝑒𝑎𝑑, 𝑘𝑔) − (0,35 × 𝑓𝑒𝑒𝑑 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛, 𝑘𝑔) 

Economic efficiency was determined by the Poultry 

Egg Production Efficiency Index (PEPEI; Kavtarashvili, 

2015): 

PEPEI =
(𝐸 х 𝐴𝑆𝑒) + (𝑀 × 𝑃𝑚)

(𝐶𝑓 х 100 ∶ 𝑆𝑓) + 𝐶𝑔𝑟
 х 100 

An increase in the above indices, expressed in units, 

indicates an increase in the efficiency of egg production.  

Where, E denotes the gross yield of eggs (pcs), ASe 

describes the average selling price of 1 egg (rub), M 

signifies the gross yield of meat in slaughter weight (kg), 

Pm is the average selling price of 1 kg of meat (rub), Cf 

refers to the total cost of feed for the productive period 

(rub), Sf represents the share of feed in the cost of eggs in 

percentage, and Cgr is the cost of growing replacements 

(rub).  
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Statistical analysis 

The obtained data were analyzed by standard 

statistical methods using SPSS Software Version 22. The 

data in the tables below are presented in the form of Mean 

(M) ± Standard Error of the Mean (SEM). The reliability 

of the differences between the control group and each of 

the experimental groups was assessed by the Student's t-

test. The results at p < 0.05 were considered significant. 

 

RESULTS AND DISCUSSION 

 

The results of this study on the effect of feeding different 

doses of Urtica dioica extract on the egg productivity of 

laying hens are presented in Table 1 and Figure 1. The 

chickens fed a diet containing Urtica dioica extract had 

higher egg production for the initial and average laying in 

the experimental groups than chickens in the control group 

(p > 0.05). This production rate increased by 2.7% in the 

first group, 5.3% and 6.6% in the second group, 8.2% and 

6.1% in the third group, 3.6% and 2.6% in the fourth 

group, and 7.8% and 6.1% in the fifth group. A similar 

finding was reported by Bruneel et al. (2013), indicating 

the higher intensity of egg production in the five 

experimental groups, compared to the control by 2.2, 5.4, 

5.0, 2.1, and 5.0%, respectively. The average egg weight 

rates of laying hens of the first to the third experimental 

groups were 0.8%, 2.3%, and 1.4%, respectively, and the 

fourth and fifth experimental groups were 2.6% and 1.0%, 

which were less than the control group (p > 0.05). 
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Figure 1. Indicators of egg productivity of laying hens aged 49 weeks consumed different levels of Urtica dioica extract 
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Table 1. The effects of different levels of Urtica dioica extract on the performance of laying hens aged 49 weeks  

                                                   Group 

Indicator 
Control 1 2 3 4 5 

Safety (%) 94 94 92 100 96 98 

Feed consumption per group (kg) 1125 1130.37 1150.50 1111.60 1073.70 1081.82 

Feed consumption per 1 head (kg) 22.96 23.07 23.77 22.23 21.69 21.72 

Feed conversion per 10 eggs 1.53 
1.50 

(-2%)* 

1.49 

(-2.6%)* 

1.40 

(-8.5%)* 

1.41 

(-7.8%)* 

1.37 

(-10.5%)* 

Feed conversion per 1 kg of egg mass 2.46 
2.38 

(-3.2%)* 

2.33 

(-5.3%)* 

2.21 

(-10.2%)* 

2.32 

(-5.7%)* 

2.21 

(-10.2%)* 

*compared to the control group results, % 

 
Table 2. The eggs contents of lying hens aged 49-week-old fed different levels of Urtica dioica extract 

                                                   Group 

Parameters 
Control 1 2 3 4 5 

Shell thickness (mm) 
0.403 ± 

0.009 

0.401± 

0.008 

0.407 ± 

0.020 

0.393 ± 

0.022 

0.373 ± 

0.004* 

0.377 ± 

0.014 

Egg White (%) 
57.11 ± 

0.99 

57.72 ± 

0.86 

58.40 ± 

0.73 

59.04 ± 

0.64 

59.67 ± 

0.58* 

60.36 ± 

0.59* 

Egg Yolk (%) 
30.19 ± 

0.92 

29.59 ± 

0.77 

28.99 ± 

0.63 

28.38 ± 

0.51 

27.76 ± 

0.44* 

27.13 ± 

0.48** 

Egg Shell (%) 
11.09 ± 

0.46 

11.08 ± 

0.42 

11.00 ± 

0.38 

10.98 ± 

0.39 

10.96 ± 

0.40 

10.89 ± 

0.45 

Egg white/egg yolk ratio 
1.91 ± 

0.09 

1.96 ± 

0.08 

2.02 ± 

0.06 

2.09 ± 

0.06 

2.16 ± 

0.05* 

2.23 ± 

0.05** 

 

The safety of laying hens in the third, fourth, and 

fifth experimental groups was higher than 100, 96, and 

98%, respectively, and it was 92% in the second 

experimental group, which was less than the control hens 

(94%). 

The feed consumption per group in the first and 

second experimental groups was more than the control, 

third, fourth, and fifth groups, respectively, compared to 

the control. Therewith, the feed conversion per 10 eggs in 

all experimental groups decreased by 2%, 2.6%, 8.5%, 

7.8%, and 10.5%, respectively, compared to the control (p 

> 0.05). In all experimental groups, the conversion of feed 

per 1 kg of egg mass decreased compared to the control 

group (p > 0.05). According to Langhout (2000), Madrid 

et al. (2003), Alçiçek et al. (2004), and Zhang et al. 

(2005), Urtica dioica extracts may have properties that 

stimulate appetite and digestion. 

The morphological composition of eggs is presented 

in Table 2. There was a significant decrease in eggshell 

thickness in the fourth experimental group compared to 

the control group (p < 0.05). 

When feeding hens with Urtica dioica extract, there 

was a significant increase in the relative egg white content 

of the eggs in the fourth and fifth experimental groups 

compared to the control group (p < 0.05), and a decrease 

in the relative yolk content in the fourth and fifth 

experimental groups, compared to the control group (p < 

0.05). The relative content of the shell decreased 

insignificantly compared to the control group, and the egg 

white/yolk ratio was elevated significantly in the fourth 

and fifth experimental groups compared to the control 

group (p < 0.05). 

When feeding Urtica dioica extract to laying hens, 

the ash content in the eggs of chickens in the experimental 

groups did not significantly differ from that of the control 

group (p > 0.05; Figure 2). There was a decrease in protein 

content in the samples of the first, second, third, and fifth 

experimental groups by 0.02%, 0.04%, 0.06%, 0.10%, and 

an increase in the fourth experimental group by 0.69%. 

The water and fat content in the eggs of chickens of the 

experimental groups was lower than the control group (p > 

0.05). 

The efficiency indices of chicken egg production are 

presented in Table 3.The EEC of egg production, which 

characterizes a set of indicators, such as egg mass per 1 

laying hen and feed conversion per 1 kg of egg mass, was 

higher when feeding the Urtica dioica extract to the 

experimental groups (the first to fifth) by 0.49, 1.22, 1.07, 
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0.03, 0.74 units, respectively. In PEPEI of laying hens, the 

parameters of the full technological cycle of poultry 

production, were higher in the experimental chickens, 

compared to the control when using Urtica dioica extract 

in the first to fifth experimental groups by 1.18%, 0.93%, 

6.76%, 4.17%, 6.71%, respectively. 

 

 
Figure 2. Chemical composition of chicken eggs that used different levels of Urtica dioica extracts. 

 

Table 3. Indicators of the efficiency of the production of chicken eggs when feeding Urtica dioica extracts  

                                                                    Group 

Factor 
Control 1 2 3 4 5 

EEC (unit) 12.23 12.72 13.45 13.30 12.26 12.97 

PEPEI (unit) 100.82 102.0 101.75 107.58 104.99 107.53 

EEC: European Efficiency Coefficient, PEPEI: Poultry Egg Production Efficiency Index 

 
The results of the current research in the main 

provisions are consistent with the results obtained by 

researchers on the use of Urtica dioica in feeding laying 

hens. Thus, it was found in another study by Hosseini 

Mansoub (2011) that the use of Urtica dioica in the diets 

of laying hens in the amount of 0.75-2.0% of the feed 

weight had a significant effect on the productivity and 

quality of eggs. 

Grela et al. (2013) indicated that Urtica dioica 

positively affected the growth and egg-laying of laying 

hens, and improved the color and taste of egg yolk. 

The addition of Urtica dioica to the diet of laying 

hens in an amount of 1 g/kg of live weight in combination 

with a feed additive from Mukhor-Talin zeolite in an 

amount of 5% of the dry feed weight increased the safety 

by 4%, and the intensity of egg production by 1.3% 

(Luzbaev, 2010). 

CONCLUSION 

 

The findings of the present study indicated the use of 

Urtica dioica extracts at a dose of 15 mg/kg of body 

weight in feeding laying hens contributed to a significant 

increase in the production and improved the egg 

parameters. 
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Instructions for Authors 

 
Manuscript as Original Research Paper, Short Communication, Case Reports and Review or 
Mini-Review are invited for rapid peer-review publishing in the Journal of World's Poultry 
Research. Considered subject areas include: Husbandry and management; construction, 
environment and welfare; exotic and wild birds; Biochemistry and cellular biology; 
immunology, avian disease control; layer and quail management; nutrition and feeding; 
physiology, genetics, reproduction and hatching; technology, processing and food safety... 
view full aims and scope 
 

Submission 

The manuscript and other correspondence should preferentially be submit online. Please 
embed all figures and tables in the manuscript to become one single file for submission. Once submission is complete, the system 
will generate a manuscript ID and will send an email regarding your submission. Meanwhile, the authors can submit or track 
articles via editor@jwpr.science-line.com or editorjwpr@gmail.com. All manuscripts must be checked (by English native speaker) 
and submitted in English for evaluation (in totally confidential and impartial way). 
 
Supplementary information:  
The online submission form allows supplementary information to be submitted together with the main manuscript file and covering 
letter. If you have more than one supplementary files, you can submit the extra ones by email after the initial submission. Author 
guidelines are specific for each journal. Our Word template can assist you by modifying your page layout, text formatting, 
headings, title page, image placement, and citations/references such that they agree with the guidelines of journal. If you believe 
your article is fully edited per journal style, please use our MS Word template before submission. 
 
Supplementary materials may include figures, tables, methods, videos, and other materials. They are available online linked to 
the original published article. Supplementary tables and figures should be labeled with a "S", e.g. "Table S1" and "Figure S1". 
The maximum file size for supplementary materials is 10MB each. Please keep the files as small possible to avoid the frustrations 
experienced by readers with downloading large files. 
 
Submission to the Journal is on the understanding that: 
1.The article has not been previously published in any other form and is not under consideration for publication elsewhere; 
2.All authors have approved the submission and have obtained permission for publish work. 
3.Researchers have proper regard for conservation and animal welfare considerations. Attention is drawn to the 'Guidelines for the 
Treatment of Animals in Research and Teaching'. Any possible adverse consequences of the work for populations or individual 
organisms must be weighed against the possible gains in knowledge and its practical applications. If the approval of an ethics 
committee is required, please provide the name of the committee and the approval number obtained. 
 

Ethics Committee Approval 
Experimental research involving animals should have been approved by author's institutional review board or ethics committee. 
This information can be mentioned in the manuscript including the name of the board/committee that gave the approval. The use 
of animals in experiments will have observed the Interdisciplinary Principles and Guidelines for the Use of Animals in Research, 
Testing, and Education by the New York Academy of Sciences, Ad Hoc Animal Research Committee. 
 
Graphical Abstract  
Authors should provide a graphical abstract (a beautifully designed feature figure) 
to represent the paper aiming to catch the attention and interest of readers. 
Graphical abstract will be published online in the table of content. The graphical 
abstract should be colored, and kept within an area of 12 cm (width) x 6 cm 
(height) or with similar format. Image should have a minimum resolution of 300 
dpi and line art 1200dpi.  
Note: Height of the image should be no more than the width. Please avoid putting 
too much information into the graphical abstract as it occupies only a small space. 
Authors can provide the graphical abstract in the format of PDF, Word, PowerPoint, 
jpg, or png, after a manuscript is accepted for publication. For preparing a 
Professional Graphical Abstract, please click here. 

 

 

Presentation of the article 
 
Main Format  
First page of the manuscripts must be properly identified by the title and the name(s) of the author(s). 

It should be typed in Times New Roman (font sizes: 17pt in capitalization for the title, 10pt for the 

section headings in the body of the text and the main text, double spaced, in A4 format with 2cm 

margins. All pages and lines of the main text should be numbered consecutively throughout the 

manuscript. Abbreviations in the article title are not allowed. 
Manuscripts should be arranged in the following order: 

1. TITLE (brief, attractive and targeted); 

JWPR EndNote Style 

Manuscript Template (MS Word) 

Sample Articles  

Declaration form 

Publication Ethics  

Instructions for Authors 

 
 

http://jwpr.science-line.com/index.php?option=com_content&view=article&id=30&Itemid=32
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
https://jwpr.science-line.com/index.php?option=com_content&view=article&id=8&Itemid=3
http://jwpr.science-line.com/attachments/article/5/JWPR%20Template.doc
http://asab.nottingham.ac.uk/downloads/guidelines2006.pdf
http://asab.nottingham.ac.uk/downloads/guidelines2006.pdf
http://jwpr.science-line.com/index.php?option=com_content&view=article&id=31&Itemid=33
http://www.science-line.com/EndNote/J%20World%20Poult%20Res.ens
http://jwpr.science-line.com/attachments/article/5/JWPR%20Template.doc
http://jwpr.science-line.com/index.php?option=com_content&view=article&id=2&Itemid=11
http://jwpr.science-line.com/attachments/article/5/Declaration%20form,%20JWPR.pdf
https://jwpr.science-line.com/index.php?option=com_content&view=article&id=68&Itemid=44
https://jwpr.science-line.com/index.php?option=com_content&view=article&id=8&Itemid=3
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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). 

http://www.science-line.com/EndNote/J%20World%20Poult%20Res.ens
http://www.science-line.com/EndNote/J%20World%20Poult%20Res.ens
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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, Δδ - delta, 

Εε - epsilon, Ζζ - zeta, Ηη - eta, Θθ - theta, Ιι - iota, Κκ - kappa, Λλ - lambda, Μμ - mu, Νν - nu, Ξξ - xi, Οο - omicron, Ππ - 
pi, Ρρ - rho, Σσ - sigma, Ττ - tau, Υυ - ipsilon, Φφ - phi, Χχ - chi, Ψψ - psi, Ωω - omega. 

. 
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Review/Decisions/Processing 
 
Firstly, all manuscripts will be checked by one of the plagiarism finding tools (iThenticate, PlagScan and or Docol©c). A double-
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. The 
estimated time from submission to first decision is 5.2 weeks and the estimated time from submission to final decision is 6.6 
weeks. The estimated time for final publication of accepted manuscript is 6 weeks 

To submit a revision please click here, fill out the form, and mark " Revised" attach the revision (MSword) and submit when 

completed.  
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 one of the plagiarism finding tools (iThenticate, PlagScan and or Docol©c), 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 150 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 December 2023.  
 
The Waiver policy 

The publication 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 Emails: daryoushbabazadeh@gmail.com ; info@science-line.com 

For more information about editing services please visit here. 
 

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. 
 
 

WORD COUNT PRICE* 
1000-4000 words  €150 
over 4000 words  €230 
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