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ABSTRACT

Objective: The study investigated the effect of different stocking density (SD) rates on the wel-
fare, growth, and hemato-biochemical parameters  in broiler chickens. 
Materials and Methods: 106 broiler chicks of 10 days old were used and assigned into four 
groups: A, B, C, and D. The chicks of group A were reared in floor space containing one bird per 
square foot area (SD1.0). The chicks of groups B, C, and D were reared at 1.5, 2.0, and 2.5 birds 
per square foot area (SD1.5, SD2.0, and SD2.5). Welfare, body weight, and hemato-biochemical 
parameters were assessed and monitored by physical observation and laboratory methods.
Results: The birds reared at SD2.0, and SD2.5 rates showed increased panting breathing. Wet 
feces adhered below the vent. There were a significant number of birds showing dirtiness of body 
and feathers. Birds reared in SD2.5 were familiar with moist litters and high ammonia smell. Foot-
pad dermatitis, scratches, and blister formation were detected in the leg. The study revealed 
that the higher SD negatively correlated to the welfare behavior indicators. Live body weight 
was significantly (p < 0.05) decreased in birds reared at higher SD rates. Birds housed in SD1.0 
and SD1.5 are optimum for body weight and improved feed conversion ratio. The hemato-bio-
chemical parameters of birds reared at various SD rates did not differ. The total leucocyte count 
increased significantly, while total serum proteins decreased gradually as SD rates increased. 
Conclusion: This work explores that higher SD negatively affects welfare and growth performance 
in broiler chickens.
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Introduction

Poultry rearing has evolved from backyard rearing to a 
commercially organized, scientific, and thriving industry. 
With commercialization, most chickens raised for meat 
worldwide are raised in a conventional intensive farming 
system. Such poultry rearing systems are under the radar 
for the lack of animal welfare implementation. Consumers 
are concerned about the artificial nature of conventional 
intensive farming, which lacks the supply of natural light-
ing and outdoor access for the birds. Commercial broiler 
producers often rear broilers in high stocking density 
(SD) situations to achieve higher profits. This may result 
in insufficient airflow and higher heat accumulation at 
birds’ micro-climate levels, leading to higher mortality, and 

lower growth [1,2]. A welfare-based rearing system pro-
tects birds from any discomfort, pain, injury, and helps to 
express their natural behavior. In broiler production, SD is 
a very important welfare factor. It specifies the number of 
broiler chickens or the total weight in kilograms in a house 
per square meter or foot of usable area [3]. Any deviation 
from the ideal condition can lead to a reduction in perfor-
mance [2]. High SD can contribute to poor performance 
due to several factors. However, from a farmer’s point of 
view, it might seem beneficial to raise more broilers per 
unit area. The labor cost, housing, feeding, and equipment 
per bird decreases as the number of broiler birds per 
given area increases [1]. Nevertheless, high SD in broil-
ers has been linked to lower feed intake, stunted growth, 
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decreased crouching, walking, preening, lower grade poul-
try products, stress, listlessness, and an increased risk of 
health problems [4–7]. SD has an impact on growth and 
leg-related problems by influencing litter and air quality. 
The high moisture content of the litter promotes microbial 
activity, which raises the room temperature and ammonia 
concentrations in broiler houses.

SD affects the stretching behavior of broilers, causing 
temporal and spatial variations [8,9]. Broiler chickens in 
the high SD stretched more during the 7 to 10 week period 
and panted more during 6 and 9 weeks, implying that 
more outdoor pasture space may be positively linked with 
improved broiler wellbeing [10]. Broiler chickens housed 
in monotonous environments at high SDs have been found 
to be detrimental to their welfare. On the other hand, broil-
ers residing in complex environmental conditions have 
shown consistent responses with lower anxiety and bet-
ter welfare [11]. Broilers of the first growing breed reared 
at 34 kg/m2 had the worst health conditions, including 
maximum mortality rate, worst walking ability, hock burn, 
pododermatitis, and poor litter quality [12].

Several studies on the impact of SD on broiler growth 
performance have been undertaken. However, the major-
ity of these findings were not always conclusive. Some 
studies showed considerable benefits from reducing SD on 
the performance of broilers [4,13], while others reported 
that reducing SD did not affect [14] or even had negative 
effects on broiler growth performance [2]. The disparities 
among these studies suggest that more focused research is 
needed to determine how broiler performance is affected 
by the different SD rates. Recently, much concern has been 
expressed about the role of SD regarding the welfare aspect 
of poultry production [15]. The European Commission 
[European Union (EU)] reported the basic standards for 
broiler welfare with the highest SD of 30 kg/m2 of broiler 
chickens throughout the EU. Broilers must be provided 
with an optimal environment and a comfortable tempera-
ture in order to maintain an optimal body temperature and 
achieve their potential for superior growth [16]. The cur-
rent research investigated the impacts of various SD rates 
on the welfare, growth, and hemato-biochemical parame-
ters of broiler chickens.

Materials and Methods

Ethical approval

The research study protocols were approved and car-
ried out in accordance with the Animal Welfare and 
Experimentation Ethics Committee (AWEEC) of Bangladesh 
Agricultural University, Mymensingh, Bangladesh [AWEEC/
BAU/2020-19].

Statement of the experiments

The experiment was done at the Department of Physiology, 
Faculty of Veterinary Science, Bangladesh Agricultural 
University, Mymensingh, from 10 February 2020 to 
12 March 2020. In the research, 106 Lohman day-old 
broiler chicks were purchased from a poultry hatchery in 
Mymensingh and brooded according to the standard pro-
tocol described elsewhere.

Experimental protocol

The experiment was carried out in a completely random 
manner. On the 10th day, the chicks were separated into four 
groups: A, B, C, and D, with different SD rates. The broiler 
chicks of each group were reared separately (Fig. 1).

Group A (SD1.0): 1 bird per square foot area (15 birds in a 
15-square-foot area).

Group B (SD1.5): 1.5 birds per square foot (23 birds in a 
15-square-foot area).

Group C (SD2.0): 2 birds per square foot (30 birds in a 
15-square-foot area).

Group D (SD2.5): 2.5 birds per square foot (38 birds in a 
15-square-foot area).

After recording the initial body weight, each bird was 
kept in separate specified floor space. Furthermore, body 

Figure 1. Representative pictures of broilers housed at different 
SD rates. Broilers raised in higher SD (SD2.0 and SD2.5) had a 
moist litter and looked dirty.
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weight was recorded weekly until the broiler birds were 
sacrificed on the 32nd day to collect blood samples for 
selected hematological studies [total erythrocyte count 
(TEC), hemoglobin (Hb), and packed cell volume (PCV)] 
and serum samples for certain biochemical studies [lipid 
profile, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), creatinine].

Management procedures

Starter, grower pellet, and finisher broiler feeds were pur-
chased from Nourish poultry feed Ltd, Dhaka, Bangladesh. 
Birds were given a broiler starter for 11 days (0–10 days), 
grower feed for 13 days (10–22 days), and a finisher diet 
for the last 10 days (23–32 days). Feed and water were 
provided on an ad libitum basis. The conventional broiler 
farming technique was closely followed in terms of broiler 
management and rearing. According to the manufactur-
er’s recommendations, the birds were immunized against 
common infectious diseases. During the testing period, 
strict biosecurity controls were implemented.

Welfare assessment

The welfare of broiler chickens was evaluated by inspect-
ing litters, moisture conditions, panting behavior, dirti-
ness, feces adherences, alertness, leg lesions, hematomas, 
foot-pad dermatitis, scratches and breast blisters in live 
birds, mortality rate, post-mortem lesions in bird internal 
organs, and so on [17]. 

Measurements of live body weight and feed conversion 
ratio (FCR) 

The live body weight of each bird in each group was mea-
sured weekly using the digital balance on the 10th, 17th, 
24th, and 32nd days of age, and the total body weight 
gain was computed by subtracting the initial live body 
weight from the final live body weight (body weight gain 
= final body weight – initial body weight). Feed consump-
tion refers to the amount of feed consumed by the birds 
in a given time period. Feed intake was calculated by sub-
tracting the amount of feed supplied to the birds from 
the amount of feed remaining at the end of each feeding 
period. The FCR was determined by dividing the total feed 
consumed by the total body weight gain (FCR = total feed 
consumed by the birds/total body weight gain). 

Blood sampling and serum preparation 

About 10–12 ml of blood was collected from six to eight 
birds in each group at slaughter after 32 days of the exper-
imental period. Half of the blood was kept in a sterile test 
tube containing anticoagulant while the remaining half 
was taken in another sterile test tube containing no anti-
coagulant for serum preparation [18]. The serum was 

separated from the clotted blood after 15 min of centrifu-
gation at 1,000 rpm. Serum samples were kept at −20°C for 
further biochemical analysis.

Analysis of blood and sera

The standard technique was followed to test the selected 
blood parameters (Hb, TEC, and PCV) within 1–2 h of 
the blood collection [18]. Total leukocyte count (TLC) 
was performed by counting the leucocyte numbers from 
smear slides stained with modified Wright’s stain under 
the 40× objective of the compound microscope. The 
biochemical tests were done at Professor Muhammad 
Hossain Central Laboratory of Bangladesh Agricultural 
University, Mymensingh. The total serum cholesterol 
(TC), triglycerides (TG), high-density lipoprotein-cho-
lesterol (HDL-c), creatinine, ALT, AST, and total protein 
were performed using a UV spectrophotometer, T 80, by 
PG Instruments, Great Britain. Specific reagents from 
High Technology Incorporation in the United States were 
employed [19].

Results and Discussion

Welfare behavior indicators
The evaluation of broiler welfare indicators was done 

by looking at a variety of parameters like litter status, the 
degree of bad smell, and dirtiness of body sides, wing, back, 
breast, feathers, leg lesions, hematomas, foot-pad dermati-
tis, scratches, and breast blisters in live birds and mortality 
rate, etc. The observations are recorded from 11 days of 
age and are presented in Table 1 and Figure 1. During the 
first 2 weeks, these indicators and the feeding and drinking 
behaviors were not significantly different among the birds 
of varying SD groups. As the birds’ ages progressed from 
3 weeks, the birds in the SD2.0 and SD2.5 groups showed 
increased panting breathing during the day (11 a.m.–4 
p.m.), with wet feces adhering below the vent of the major-
ity of the birds. A significant number of birds had notice-
ably dirty bodies and soiled feathers (Table 1 and Fig. 2). 
Foot-pad dermatitis, scratches, and blister formation in the 
leg were also observed in a few birds, particularly in group 
D. Litters of groups C and D frequently got moist within a 
week of replacing dry fresh litters (Fig. 2). Ammonia con-
centrations were observed by bad-smelling. The visitors 
were bound to block their nostrils. The present study did 
not detect any lameness, ascites, hematomas, or mortality 
among the birds of SD groups, although birds of groups C 
and D looked fatigued. It revealed that the SD negatively 
correlated to the welfare behavior indicators. The current 
findings are consistent with the findings of another study 
[20], which reported a reduction in broiler welfare at SD 
rates greater than 35 kg/m2. Other studies have found that 
higher SD is closely linked with less carousing, moving, 
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preening, body care behavior, and feeding behavior [4]. 
High SD in challenged birds increased the gross lesion 
score in the intestine, contrary to unchallenged birds. High 
SD also harmed broiler chicks’ welfare and gut health in 
a subclinical trial as well as predisposed them to necrotic 
enteritis [21]. Foot-pad lesion and mortality rates are con-
sistent with the previous findings [22]. Broiler chickens 
reared in 34 kg/m2 SD spaces have the highest mortality, 

the poorest walking ability, and the highest hock burn and 
pododermatitis [12].

Effects of SD rates on growth performances

Table 2 and Figure 3 show the effects of different SD 
rates on live body weight, weight gain, and FCR. The ini-
tial body weight of broiler chicks (10th day of age) before 
separation into different SD spaces varied slightly but was 

Table 1. Effects of different SD rates on welfare indicators in broiler chickens.

Parameters SD1.0 SD1.5 SD2.0 SD2.5

Days 11–21 22–31 11–21 22–31 11–21 22–31 11–21 22–31

Status of litter Dry
Dry and 
moist

Dry
Dry and 
moist

Moist Moist moist Moist

The intensity of the 
bad smell

Low moderate Low moderate High High High High

Panting (%) 0 26 14 45.5 51 76 54 80

Adherence of wet 
feces below vent (%)

0 20 0 40 0 50 54 66

Dirty (%) 0 4 18 22 59 66 54 100

Scratches and breast 
blisters (%)

0 0 0 0 0 15 0 25

Alertness (%) 100 100 100 100 100 100 100 100

Figure 2. Effects of different SD rates on welfare. Broiler birds were reared in different SD spaces and welfare indicators 
were observed from 10 to 31 days. A. Representative pictures of broilers reared in different SD spaces at day 28. Birds 
reared in SD1.0 showed a clean and bright appearance. SD2.0 and SD2.5 birds have dirty appearances, feces adherences 
below the vent, and panting behavior. B. The graph shows the percent of panting, dirty, adherence of feces, and scratches 
in broilers reared in different SDs.
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statistically non-significant (p > 0.05). After 7 days, the live 
body weight of groups A and B differed significantly from 
the other groups (p < 0.05). On the 24th day, the lowest 
average live body weight was recorded in group D, follow-
ing a similar pattern to the 17th day of age. There was a 
sharp rise in the body weight of the lower density group 
(SD1.0) from days 17 to 31 of the experiment. The high-
est average body weight was recorded in birds reared in 
the lower SD group, and the lowest was recorded in the 
birds of the higher SD group. Among the groups, all data 
were statistically significant (p < 0.05). The results clearly 
show that SD is an important factor that directly affects the 
weight of the broiler birds.

The body weight gain and body weight gain % (Fig. 3) 
of each group were calculated as per the formula, and the 
maximum body weight gain (mean value) was noticed in 
group A and the lowest in group D. In terms of FCR, birds in 
group A (SD1.0) had an FCR of 1.40, group B (SD1.5) had an 
FCR of 1.50, group C (SD2.0) had an FCR of 1.62, and group 
D (SD2.5) had an FCR of 1.87. Our investigation revealed 
that broilers reared at a lower SD rate have a lower effect 
on FCR than birds reared at higher SD. When broiler chick-
ens are allocated more space, feed and water intake are 
appropriately utilized. On the other hand, feed and water 
intakes were negatively affected by the increased rate of 
SDs. Notably, higher SD was associated with lower feed 
consumption. This could be due to increased competition 

for the feeding space. Interestingly, high SD has previ-
ously been shown to significantly decrease broiler growth 
rate and increase wet litter and foot-pad and thigh lesion 
incidences [6,13]. The present findings support these 
observations. The live body weight, weight gain, and FCR 
of broilers all improved as the SD rate decreased during 
the period of the experiment. Accessibility to feeders and 
drinkers was most likely restricted due to increased SD as 
well as competition between birds for access to the feeder. 
Birds reared at an SD of 5 birds/m2 had better growth than 
those reared at 10 birds/m2. The birds raised in SD at 15 
birds/m2 gained the least weight [23]. High SD (12 birds/
m2) decreased the body weight and growth performance 
of growers and (or) finishers of male Cornish Cross cock-
erels [24]. Furthermore, a SD of 10 chicks per square meter 
resulted in the highest production index [25]. Compared to 
low SD-raised chickens, high SD-raised chickens showed a 
decrease in body weight gain and feed intake in the starter 
and whole phases and increased FCR in the finisher phase 
[26]. The current findings are similar to those of Yu et al. [27] 
and Goo et al. [28], who found that broilers reared at high 
SD spaces (18 birds/m2) had lower live body weight, body 
weight gain, and feed consumption, as well as impaired 
intestinal barrier function, without affecting meat quality 
or anti-oxidant conditions in the liver. In terms of muscle 
quality, the high SD group had significantly lighter breast 
muscles 45 min and 24 h after slaughter [29]. The capacity 

Table 2. Effects of different SD rates on live body weight (gm) (Mean ± SEM) in broiler chickens.

Group
 Live body weight (gm) (Mean ± SEM)

10th day 17th day 24th day 31st day
SD1.0 271.78 ± 4.55 681.42 ± 17.21a 1,251.42 ± 31.57a 1,951.78 ± 50.01a

SD1.5 275.25 ± 6.10 671.13 ± 12.11a 1,230.68 ± 15.50a 1,832.64 ± 34.51b

SD2.0 271.20 ± 4.75 569.65 ± 13.94b 1,063.10 ± 33.11b 1,662.96 ± 35.47c

SD2.5 274.86 ± 6.47 564.86 ± 11.16b 1,025.97 ± 16.84b 1,496.52 ± 24.86d

a,b,c,d Values with superscript letters in a column differ significantly (p < 0.05).

Figure 3. The effects of SD rates on (A) body weight gain (gm), (B) percent weight gain, and (C) FCR in broiler chickens 
on the 31st day of life. Values with dissimilar letters above the bar graph differ significantly (p < 0.05).
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of the breast muscle to hold water was reduced, but the 
springiness of the breast and thigh, as well as the hardness 
of the thigh, were increased [24].

Effects of SD on hemato-biochemical profile

Results showed that the Hb concentration in group A 
(SD1.0) was 9.21 ± 0.59 gm%, in group B (SD1.5) was 9.8 
± 0.16 gm%, in group C (SD2.0), it was 11.06 ± 0.17 gm% 

and in group D (SD2.5) was 10.50 ± 0.38 gm% (Fig. 4). 
Although the values were slightly higher in groups C and 
D, the data were statistically insignificant (p > 0.05). The 
mean values of TEC for group A were 2.93 ± 0.16 million/
µl, in group B, it was 2.84 ± 0.24 million/µl, in group C, it 
was 3.05 ± 0.18 million/µl, and in group D, it was 2.57 ± 
0.12 million/µl respectively. The data were not statistically 
significant (p > 0.05). The mean values of PCV in group A 

Table 3. Effects of different SD rates on biochemical parameters in broiler chickens.
Group SD1.0 SD1.5 SD2.0 SD2.5

TC (mg/dl) 146.25 ± 3.81 144.04 ± 4.36 138.09 ± 3.73 147.60 ± 8.67

TG(mg/dl) 92.31 ± 2.21 83.47 ± 1.44 89.89 ± 2.99 91.85 ± 2.24

LDL-c(mg/dl) 100.31 ± 1.22 101.6 ± 2.56 102.51 ± 2.60 115.89 ± 1.88

HDL-c(mg/dl) 43.07 ± 1.17 42.17 ± 1.67 40.01 ± 1.52 39.94 ± 0.87

AST (U/l) 10.95 ± 0.74 11.02 ± 0.52 11.21 ± 0.48 11.076 ± 0.48

ALT(U/l) 4.14 ± 0.23 4.37 ± 0.66 4.35 ± 0.10 4.75 ± 0.12

Creatinine (mg/dl) 0.98 ± 0.04 1.03 ± 0.07 1.06 ± 0.06 1.03 ± 0.05

Total protein (gm/dl) 4.88 ± 0.31a 3.96 ± 0.18b 3.57 ± 0.21b 3.19 ± 0.17b

a,b Values with different superscript letters in a column differ significantly (p < 0.05).

Figure 4. Effects of different SD rates on (A) Hb concentration (gm%), (B) PCV (%), (C) TEC (million/µl) and (D) 
TLC (thousand/µl) in broiler chickens at 31st day of age. *Values with dissimilar letters above the bar graph differ 
significantly (p < 0.05), n.s- not-significant.
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were 30.52% ± 1.55%, in group B was 32.7% ± 1.03%, in 
group C, it was 31.85% ± 0.99%, and in group D, it was 
32.93% ± 1.70%. The data were not statistically significant 
among the birds. The values of hematological parameters 
remained within the normal range. It showed that differ-
ent SD rates did not alter the hematology in broilers in our 
current experimental methodology. On the other hand, the 
total leucocyte count increased significantly (p < 0.05) in 
the birds reared in higher SD (Fig. 4). 

The lipid profile, including TC, TG, HDL-c, and low den-
sity lipoprotein–cholesterol (LDL-c) levels in the blood 
sera of the birds reared at different SD rates, were found 
to be similar and statistically non-significant (Table 3). 
The mean ALT and AST levels are almost similar and sta-
tistically insignificant among the groups. The mean cre-
atinine levels of different groups were also found to be 
more or less comparable and not statistically significant 
(p < 0.05). However, the mean serum total proteins grad-
ually decreased with the increase in the SD rates (Table 3). 
The values were statistically significant (p < 0.05) among 
the groups. Overall, the current findings using the current 
methodology show that, with the exception of TLC and 
total protein, birds reared in different SDs have little to no 
influence on their hemato-biochemical profile. When ani-
mals or birds are subjected to stress or disease conditions, 
their leukocyte counts rise. Birds reared in higher stocking 
densities are facing stress. The results are partially consis-
tent with the previous reports stating that SD did not affect 
total serum protein and glucose concentration. Plasma 
corticosterone, serum glucose, cholesterol, total nitrites, 
and the heterophil/lymphocyte ratio were unaffected [6]. 
Another study found that broilers raised on higher SD had 
higher blood heterophil lymphocyte ratios (H: L) and cor-
ticosterone levels [29,27]. The PCV values were reduced, 
and serum AST concentrations were increased signifi-
cantly (p < 0.05) by the increased rate of SD [17].

On the contrary, the current findings differed from the 
previous findings [25], indicating that SD had significant 
(p < 0.05) effects on serum glucose, uric acid, total protein, 
TC, TG, HDL-c, LDL-c, AST, and ALT levels. It was reported 
that semi-arid climates with 15 chicks/m2 SDs and mild 
and humid climates with 20 chicks/m2 SD treatments had 
the highest cholesterol and TG levels. On the other hand, 
the semi-arid climate with 17 chick/m2 SD treatment 
produced the highest HDL, the semi-arid climate with 20 
chick/m2 SD treatment had the highest AST, and the hot 
and dry climate with 20 chick density treatment had the 
highest ALT (p < 0.05). The SD influenced the serum bio-
chemical parameters [26].

Conclusion

Consumers believe that SD is one of the most significant 
factors influencing animal welfare. The World Organization 
for Animal Health (OIE) prioritizes animal welfare. There 
is also a financial incentive to ensure animal welfare. The 
findings of the present study demonstrated that the wel-
fare indicators were compromised in the broilers reared 
in moderate density (SD2.0) and high-density groups 
(SD2.5), which further hindered the growth performance 
as body weight, body weight gain, feed intake, and total 
serum protein were significantly (p < 0.05) decreased in 
higher SD rates. Broilers housed in one (SD1.0) and one 
and a half (SD1.5) birds per square foot area performed 
better physiologically, ensuring animal welfare practice.

List of abbreviations 

ALT, Alanine aminotransferase; AST, Aspartate amino-
transferase; FCR, Feed conversion ratio; Hb, Hemoglobin; 
HDL-c, High density lipoprotein-cholesterol; LDL–c, Low 
density lipoprotein–cholesterol; PCV, Packed cell volume; 
SD, Stocking density; TC, Total cholesterol; TEC, Total 
erythrocyte count; TLC, Total leukocyte count.

Acknowledgment 

This research work was funded by the Ministry of Science 
and Technology, Government of the People’s Republic 
of Bangladesh, under a special allocation of Science and 
Technology research grant (MoST: 2019-2020, BS-112).

Conflict of interests 

The authors do not have any competing interest. 

Authors’ contributions

MAM designed the experiment, supervised it, analyzed 
data, and revised the final draft of the manuscript. MZ, MA, 
and MEJB carried out the experiment, analyzed data, and 
wrote the first draft of the manuscript; MIH, KMS, and AM 
critically revised the manuscript. 

References
[1]	 Estevez I. Density allowances for broilers: where to set the limits? 

Poult Sci 2007; 1265–72; https://doi.org/10.1093/ps/86.6.1265
[2]	 Feddes JJR, Emmanuel EJ, Zuidhof MJ. Broiler performance, body 

weight variance, feed and water intake, and carcass quality at dif-
ferent stocking densities. Poult Sci 2002; 81:774–9; https://doi.
org/10.1093/ps/81.6.774 

[3]	 European Union. Council Directive 2007/43/EC of 28 June 2007 
laying down minimum rules for the protection of chickens kept for 
meat production. Official J Eur Union 2007; L182/19-28.

[4]	 Yanai T, Abo-Samaha MI, El-Kazaz SE, Tohamy HG. Effect of stocking 
density on productive performance, behaviour, and histopathology 

https://doi.org/10.1093/ps/86.6.1265
https://doi.org/10.1093/ps/81.6.774 
https://doi.org/10.1093/ps/81.6.774 


http://bdvets.org/javar/	 � 649Zabir et al. / J. Adv. Vet. Anim. Res., 8(4): 642–649, December 2021

of the lymphoid organs in broiler chickens. Eur Poult Sci 2018; 
82:247; https://doi.org/10.1399/eps.2018.247

[5]	 Kim HJ, Jeon JJ, Kim H, Son J, Kim KY, You AS, et al. Effects of stock-
ing density on the growth performance, immune status and breast 
meat quality of broiler. Korean J Poult Sci 2021; 48(1):13–22; 
https://doi.org/10.5536/KJPS.2021.48.1.13

[6]	 Dozier WA, Thaxton JP, Purswell JL, Olanrewaju HA, Branton SL, 
Roush WB. Stocking density effects on male broilers grown to 1.8 
kilograms of body weight. Poult Sci 2006; 85(2):344–51; https://
doi.org/10.1093/ps/85.2.344

[7]	 Thaxton JP, Dozier WA, Branton SL, Morgan GW, Miles DW, Roush 
WB, et al. Stocking density and physiological adaptive responses of 
broilers. Poult Sci 2006; 85(5):819–24; https://doi.org/10.1093/
ps/85.5.819 

[8]	 Li G, Zhao Y, Purswell JL, Chesser GD, Lowe JW, Wu TL. Effects of 
antibiotic-free diet and stocking density on male broilers reared to 
35 days of age. Part 2: feeding and drinking behaviours of broilers. 
J Appl Poult Res 2020; 29(2):391–401; https://doi.org/10.1016/j.
japr.2020.01.002

[9]	 Bessei W. Welfare of broilers: a review. World Poult Sci J 2006; 
62(3):455–66; https://doi.org/10.1017/S0043933906001085  

[10]	 Phillips HN, Heins BJ. Effects of outdoor stocking density on growth, 
feather damage and behavior of slow-growing free-range broilers. 
Animals 2021; 11:688; https://doi.org/10.3390/ ani11030688

[11]	 Anderson MG, Campbell AM, Crump A, Arnott G, Newberry RC, 
Jacobs L. Effect of environmental complexity and stocking density 
on fear and anxiety in broiler chickens. Animals 2021; 11:2383; 
https://doi.org/10.3390/ ani11082383

[12]	 Rayner AC, Newberry RC, Vas J, Mullan S. Slow‑growing broilers 
are healthier and express more behavioural indicators of posi-
tive welfare. Sci Rep 2020; 10:15151; https://doi.org/10.1038/
s41598-020-72198-x

[13]	 Skrbic Z, Pavlovski Z, Lukic M, Peric L, Milosevic N. The effect of 
stocking density on certain broiler welfare parameters. Biotech 
Anim Husb 2009; 25(1–2):11–21; https://doi.org/10.2298/
BAH0902011S 

[14]	 Thomas DG, Ravindran V, Thomas D V, Camden BJ, Cottam YH, 
Morel PCH, et al. Influence of stocking density on the perfor-
mance, carcass characteristics and selected welfare indicators 
of broiler chickens. N Z Vet J 2004; 52(2):76–81; https://doi.
org/10.1080/00480169.2004.36408

[15]	 Vanhonacker F, Verbeke W, Van Poucke E, Buijs S, Tuyttens FAM. 
Societal concern related to stocking density, pen size and group 
size in farm animal production. Livest Sci 2009; 123(1):16–22; 
https://doi.org/10.1016/j.livsci.2008.09.023 

[16]	 Cangar Ö, Aerts JM, Buyse J, Berckmans D. Quantification of the 
spatial distribution of surface temperatures of broilers. Poult Sci 
2008; 87(12):2493–9; https://doi.org/10.3382/ps.2007-00326 

[17]	 Abudabos AM, Samara EM, Hussein OS, Al-Ghadi Q, Al-Atiyat RM, Al 
RM, et al. Impacts of stocking density on the performance and wel-
fare of broiler chickens. Ital J Anim Sci 2013; 12(1):e11; https://
doi.org/10.4081/ijas.2013.e11

[18]	 Hridoy AFM, Hossain MS, Haque MI, Sujan KM, Khalil KKI, Mustari 
A, et al. Organic chromium and vitamin E enhance physiological 

performances, humoral and cellular immune responses in heat-
stressed broiler chickens. Asian J Dairy Food Res 2021; 40:94–9; 
https://doi.org/10.18805/ajdfr.DR-206

[19]	 Khalil KKI, Islam MA, Sujan KM, Mustari A, Ahmad N, Miah MA. 
Dietary acidifier and lysozyme improve growth performances and 
hemato-biochemical profile in broiler chicken. J Adv Biotechnol 
Exp Ther 2020; 3(3):241–7; https://doi.org/10.5455/jabet.2020.
d130

[20]	 Alqassem ZMA, Ahmed SA, Ahmed EA, Iraqi KGE. Effect of different 
stocking densities as an environmental stressing factor on broiler 
behavior and performance. Benha Vet Med J 2018; 34(2):51–65; 
https://doi.org/10.21608/bvmj.2018.29412

[21]	 Tsiouris V, Georgopoulou I, Batzios C, Pappaioannou N, Ducatelle 
R, Fortomaris P. High stocking density as a predisposing factor for 
necrotic enteritis in broiler chicks. Avian Path 2015; 44(2):59–66; 
https://doi.org/10.1080/03079457.2014.1000820  

[22]	 Bergeron S, Pouliot E, Doyon M. Commercial poultry produc-
tion stocking density influence on bird health and performance 
indicators. Animals 2020; 10:1253; https://doi.org/10.3390/
ani10081253 

[23]	 Asaniyan EK, Akinduro VO. Impact of stocking density on the rear-
ing environment and growth performance of broiler chicken. Niger 
J Anim Prod 2021; 47(6):65–81; https://doi.org/10.51791/njap.
v47i6.2875

[24]	 Magnuson AD, Liu G, Sun T, Tolba SA, Xi L, Whelan R, et al. Supplemental 
methionine and stocking density affect anti-oxidant status, fatty acid 
profiles, and growth performance of broiler chickens. J Anim Sci 2020; 
98(4):1–12; https://doi.org/10.1093/jas/skaa092 

[25]	 Gholami M, Chamani M, Seidavi A, Sadeghi AA, Aminafschar M. 
Effects of stocking density and environmental conditions on per-
formance, immunity, carcase characteristics, blood constitutes, 
and economical parameters of cobb 500 strain broiler chickens. 
Ital J Anim Sci 2020; 19(1):524–35; https://doi.org/10.1080/182
8051X.2020.1757522

[26]	 Jeong SB, Kim YB, Lee JW, Kim DH, Moon BH, Chang HH, et al. Role 
of dietary gamma-aminobutyric acid in broiler chickens raised 
under high stocking density. Anim Nutr 2020; 6(3):293–305; 
https://doi.org/10.1016/j.aninu.2020.03.008  

[27]	 Yu DG, Namgung N, Kim JH, Won SY, Choi WJ, Kil DY. Effects of stock-
ing density and dietary vitamin C on performance, meat quality, 
intestinal permeability and stress indicators in broiler chickens. J 
Anim Sci Technol 2021; 63(4):815–26; https://doi.org/10.5187/
jast.2021.e77

[28]	 Goo D, Kim JH, Park GH, Reyes JBD, Kil DY. Effects of heatstress and 
stocking density on performance, breast meat quality and intes-
tinal bearer function in broiler chickens. Animals 2019; 9:107; 
https://doi.org/10.3390/ani9030107 

[29]	 Wu Y, Wang Y, Wu W, YinD, Sun X, Guo X, et al. Effects of nicotin-
amide and sodium butyrate on meat quality and muscle ubiquiti-
nation degradation genes in broilers reared at a high stocking 
density. Poult Sci 2020; 99:1462–70; https://doi.org/10.1016/j.
psj.2019.10.070

https://doi.org/10.1399/eps.2018.247
https://doi.org/10.5536/KJPS.2021.48.1.13
https://doi.org/10.1093/ps/85.2.344
https://doi.org/10.1093/ps/85.2.344
https://doi.org/10.1093/ps/85.5.819
https://doi.org/10.1093/ps/85.5.819
https://doi.org/10.1016/j.japr.2020.01.002
https://doi.org/10.1016/j.japr.2020.01.002
https://doi.org/10.1017/S0043933906001085
https://doi.org/10.3390/
https://doi.org/10.3390/
https://doi.org/10.1038/s41598-020-72198-x
https://doi.org/10.1038/s41598-020-72198-x
https://doi.org/10.2298/BAH0902011S 
https://doi.org/10.2298/BAH0902011S 
https://doi.org/10.1080/00480169.2004.36408
https://doi.org/10.1080/00480169.2004.36408
https://doi.org/10.1016/j.livsci.2008.09.023 
https://doi.org/10.3382/ps.2007-00326 
https://doi.org/10.4081/ijas.2013.e11
https://doi.org/10.4081/ijas.2013.e11
https://doi.org/10.18805/ajdfr.DR-206
https://doi.org/10.5455/jabet.2020.d130
https://doi.org/10.5455/jabet.2020.d130
https://doi.org/10.21608/bvmj.2018.29412
https://doi.org/10.1080/03079457.2014.1000820
https://doi.org/10.3390/ani10081253
https://doi.org/10.3390/ani10081253
https://doi.org/10.51791/njap.v47i6.2875
https://doi.org/10.51791/njap.v47i6.2875
https://doi.org/10.1093/jas/skaa092
https://doi.org/10.1080/1828051X.2020.1757522
https://doi.org/10.1080/1828051X.2020.1757522
https://doi.org/10.1016/j.aninu.2020.03.008
https://doi.org/10.5187/jast.2021.e77
https://doi.org/10.5187/jast.2021.e77
https://doi.org/10.3390/ani9030107
https://doi.org/10.1016/j.psj.2019.10.070
https://doi.org/10.1016/j.psj.2019.10.070

