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ABSTRACT The aim of the current study to investi-
gate the potential impact of different stocking densities
on growth performance, carcass traits, indicators of bio-
chemical and oxidative stress and meat quality of Arbor
Acres and Ross-308 broiler breeds to recommend the
better stocking density with low production cost simul-
taneously with high quality. A total of 312 one-day old
of each Arbor Acres broiler and Ross-308 were randomly
classified into 3 experimental groups with different
stocking density, each of 6 replicates. The first group
(SD1) was 14 birds/m2 (28 kg/m2), while the second
group (SD2) was 18 birds/m2 (36 kg/m2) and the third
group (SD3) was 20 birds/m2 (40 kg/m2). The growth
performance, carcass traits, meat quality hematological
and biochemical parameters were measured. SD3 group
possessed the lowest body weight. Alanine transaminase
in Arbor Acres was 15 and 14% higher in SD3 when com-
pared with SD1 and SD2, respectively. While, was 21 and
20% of Ross-308, respectively. SD3 revealed the highest
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values of cholesterol, TG, MDA, and LDL of both breeds
when compared with SD1 and SD2, with the lowest levels
of HDL, GPX, and IGG. Birds of SD3 was the nastiest
carcass weight 873 (P = 0.000) and 1,411.60 g
(P = 0.000); dressing percentage 63.07 (P = 0.000) and
75.83% (P = 0.000); breast weight 513.10 g (P = 0.000)
and 885.50g (P = 0.000); thigh weight 359.90 g
(P = 0.000) and 526.08 g (P = 0.000) when compared
with SD1 and SD2 of Arbor Acres and Ross-308, respec-
tively. The dressing % of SD1 and SD2 was approxi-
mately 19% better than that of SD3 of Arbor Acres,
while it was 4% of Ross-308. The cooking loss and
drip loss of breast and thigh muscles were higher in
SD3 of both breeds. Moreover, SD3 possessed the high-
est bacterial count. In conclusion birds reared in
medium stocking density revealed better performance
and welfare than high density but similar to low den-
sity. Therefore, from the economic point, medium
density was the best.
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INTRODUCTION

Recently, the poultry industry is successfully pro-
ducing food with high superiority together with a
reduction of the production cost as a result of
improving the genes makeup and managemental con-
dition. In the last decade, the need for broilers meat
is increased because the consumers consideration of a
high-quality food with low fat and high protein.
Therefore, consumers are aware of animal welfare and
quality. Stocking density is considered one of the
main factors influencing birds welfare, physical activ-
ity, and product quality (Bessei, 2006; Deep et al.,
2010; Gomes et al., 2014).
Stocking density is defined as the number of birds or

the birds live weight (kg) reared in an exact space (m2)
(European Commission, 2007; Berg and Yngves-
son, 2012). The crucial aim of global poultry industry is
not only to amplify the production of broilers meat (kg)
per m2 with superior uniformity and quality but also to
prevent production losses caused by overcapacity. High
stocking density of broilers is a management routine
intended for decreasing cost related with labor, fuel,
housing, and equipments, but may have detrimental
effect on poultry health, immune system, welfare, and
productive performance (Shanawany, 1988; Houshmand
et al., 2012).

https://doi.org/10.1016/j.psj.2021.101442
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Mohammed.nasr@zu.edu.eg
mailto:Nasr.maf@gmail.com
mailto:Nasr.maf@gmail.com
mailto:a.khedaide@tu.edu.sa


Table 1. Chemical composition of basal diets.

Basal diet Finisher diet

Ingredients (%) 1−21 d 22−42 d
Yellow corn 57.13 60.53
Gluten meal 6.50 6.10
Soybean meal 31.65 27.15
Limestone 1.24 1.15
Dicalcium phosphate 1.70 1.50
NaCl 0.30 0.30
Soybean oil 1.00 2.85
Vit- min premix* 0.30 0.30
L- Lysine 0.13 0.10
DL- methionine 0.05 0.02
Calculated analysis
Metabolizable energy (MJ) 12.33 12.94
Crude protein % 23.00 21.00
Crude fibers % 3.56 3.31
Phosphorous (Available) % 0.45 0.40
Calcium % 1.00 0.90
Methionine + cysteine % 0.83 0.74
Lysine % 1.20 1.05

*Growth vitamin and mineral premix. Each 2.5 kg consists of: vitamin
A, 12,000,000 IU; vitamin D3, 2,000,000 IU; vitamin E, 10 g; vitamin K3,
2 g; vitamin B1, 1,000 mg; vitamin B2, 49 g; vitamin B6, 105 g; vitamin
B12, 10 mg; pantothenic acid, 10 g; niacin, 20 g, folic acid, 1,000 mg; bio-
tin, 50 g; choline chloride, 500 mg, Fe, 30 g; Mn, 40 g; Cu, 3 g; Co, 200 mg;
Si, 100 mg; and Zn, 45 g.
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There is a considerable distinction related to the
stocking density of broiler among different countries;
that is, the stocking density in Netherlands is 45 to 54
kg/m2, United Kingdom is 40 kg/m2, and Switzerland is
30 to 36 kg/m2 (Yuan, 2017). Additionally, the welfare
guidelines of the National Chicken Council (NCC, 2005)
advocate 41.5 kg/m2 for broilers more than 2 kg in the
United States as an ideal stocking density.

Intensive rearing (high stocking density) is assumed as
a factor of stress. Increasing hens stocking density,
decreased body weight (Davami et al., 1987). Scarcity of
space available for birds has been linked with endocrino-
logical and behavioral alterations pinpointing of stress
and demoted well-being (Swanson, 1995). Stress triggers
the hypothalamo−pituitary−adrenal pathways that
participates a pertinent responsibility in the harmony of
body physiological and immunological responses of lay-
ing hens (Dohms and Metz, 1991). There was a signifi-
cant decrease in immune response of high stocking
density in Japanese quails (Erisir and Erisir, 2002). Het-
erophil/lymphocyte (H/L) ratio is considered a marker
of chronic stress related to immune function and welfare
of laying hens (Gross and Siegel, 1983; Nicol et al.,
2009).

Blood biochemical profiles are mainly used as indica-
tors to the physiological and metabolic condition of
broiler (Zhang et al., 2018). High stocking density in
broilers displayed metabolic modifications of blood bio-
chemical parameters including decrease lymphocyte,
increased heterophile with augmented heterophile to
lymphocyte ratio (Astaneh et al., 2018), elevated blood
stress hormones (Najafi et al., 2015), decrease in immune
response (Turkyilmaz, 2008; Mustafa et al., 2010),
increase in oxidative stress (Gursu et al., 2004;
Lan et al., 2004), increase vulnerability to infection as in
Newcastle disease and necrotic enteritis (Mustafa et al.,
2010; Tsiouriset al., 2015), increased plasma levels of
glucose, corticosterone, and cholesterol during the adap-
tive phase of stress (Puvadolpirod and Thaxton 2000;
Shakeri et al., 2014). Therefore, the aim of the current
study to investigate the potential impact of different
stocking densities on growth performance, carcass traits,
indicators of biochemical and oxidative stress and meat
quality of Arbor Acres and Ross-308 broiler breeds to
recommend the better stocking density with low produc-
tion coast simultaneously with high quality.
MATERIALS AND METHODS

Animals and the Experiment

The current investigation was authorized by the Ani-
mal Care and Welfare Committee (ZU-IACUC) of Zag-
zaig University, Egypt (ZU-IACUC/2/F/95/2019). The
study has been performed at Research Unit, Faculty of
Veterinary Medicine, Zagazig University, Egypt. A total
of 312 one-day old of each Arbor Acres broiler (48.39 §
0.0.07g) and Ross-308 chickens (41.68 § 0.27) were ran-
domly classified into 3 experimental groups with differ-
ent stocking densities, each of 6 replicates. The first
group (SD1) was 14 birds/m2 (28 kg/m2), while the sec-
ond group (SD2) was 18 birds/m2 (36 kg/ m2) and the
third one (SD3) was 20 birds/m2 (40 kg/m2). Broilers of
each group were kept in identical pens with room tem-
perature maintained at 32°C during the first week of age
and gradually decreased to 248C toward the end of the
third week and thereafter until the end of the study (40
d). One side of each pen was designed to be flexible and
so we can adjust the space allowance for birds according
to the body weight per each m2. Each pen was supple-
mented with 2 tube feeders (0.60 m length £ 0.07 m
width £ 0.06 m depth) and 2 adjustable water nipple
systems (3 nipple water drinkers) hanging outside each
pen. The birds were fed ad libitum (Table 1)
(NRC, 1994). The experiment started at February in
closed control house.
Growth Performance, Hematological, and
Biochemical Parameters

All birds were weighed weekly for estimating the body
weight and body gain. Feed intake and feed conversion
ratio had been calculated. Blood samples were collected
as soon as possible of initial disturbance. Two blood
samples (50% of birds near to the average body weight
of each replicate) were gently collected from the wing
vein (50% of each replicate) under aseptic situation; one
with and the other without anticoagulant. The sample
with anticoagulant was used to determine lymphocyte
and heterophil, while the samples without anticoagulant
were centrifuged at 4,000 rpm for 15 min to collect
serum. Total protein, globulin, albumin, aspartate
transaminase (AST), alanine transaminase (ALT),
creatinine, urea, triglyceride (TG), high-density
lipoprotein (HDL) cholesterol (mg/dL), low-density
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lipoprotein (LDL), and very low-density lipoprotein
(VLDL) levels were determined with commercial kits
(Wako Pure Chemical Industries, Osaka, Japan). The
activity of superoxide dismutase (SOD) and glutathione
peroxidase (GSH), levels of malondialdehyde (MDA)
and reduced glutathione (GSH) were determined using
commercial kits and a spectrophotometer (Shimadzu,
Japan). Level of complement C and immunoglobulin G
(IgG) was measured using Chicken Immunoglobulin G
(IgG) ELISA Kit (Cat No. MBS260043) with sensitivity
up to 5 ng/mL, intra-assay precision <= 8% and interas-
say precision <= 12%,
Carcass Traits

At the end of the study, all birds were weighed and
slaughtered. The internal organs (gizzard, heart, liver,
and intestine) were removed and weighed. The carcass
(breast and thigh) was weighed and the dressing per-
centage was estimated. The internal organ weights were
presented as a proportion to the preslaughter live weight
(relative weight).
Meat Quality Measurements

Breast and thigh muscles (10 g of each) were cut from
all the chilled carcass and the loose connective tissue
were gently removed to determine the physical meat
quality (pH, cooking loss, and drip loss) and bacteriolog-
ical counts (from 50% of birds of each replicate). Ulti-
mate pH (pHu) was evaluated after chilling for 24 h in a
mixture of homogenized 1g of the muscle (breast/thigh)
with 10 mL of 5 M iodoacetate for 30 s by a knick digital
pH meter (Broadly Corp. Santa Ana, CA; calibrated to
pH 4.01, 7.00, and 10.01 standard buffers)
(Korkeala et al., 1986). Cooking loss was determined by
putting approximately 20 g of the muscle in open alumi-
num pans and cooking in an electric oven (preheated to
200°C) to an internal temperature of 80°C for 15 min
(Cyril et al., 1996). Then the muscle samples were left
for 30 min for cooling to 15°C by drying their surface.
Cooking loss percentage was the weight difference
between the cooked and the initial samples. Thawing
loss was calculated by the difference between frozen and
thawing meat sample weight and blotting dry with filter
paper.

Five grams of the muscle samples (of each breast and
thigh) were transferred to a septic blender jar with
225 mL of 0.1% sterile peptone water. Each sample was
homogenized using the blender at 2,000 rpm for 2 min
and then tenth−fold serial dilutions were prepared. One
mL from each dilution was transferred to 2 separate ster-
ile Petri-dishes, and then 10 mL of the sterile standard
plate count agar melted at 45°E was poured to each
Petri-dish. The plates were incubated after mixing and
solidifying at 37°E for 24 to 48 h. Colonies were recorded
and counted as total bacterial count (cfu/g)
(APHA, 2001). Three sterile MacConkey broth tubes
(oxide CM5) with inverted Durham’s tubes were
inoculated separately with 1 mL of decimal dilution and
then incubated at 37°C for 24 h and 48 h to be examined.
Positive tubes showed acid and gas production. The
most probable number of coliforms /gm was counted
(ICMSF, 1978). One mL of the prepared dilution was
transferred and spread on the surface of 2 sterile Petri-
dishes that included Violet Red Bile Glucose Agar
(VRBG). The plates were kept at room temperature
for 15 min to dry and then incubated at 37°E for 25 h
(ISO, 1974).
Statistical Analysis

Data were statistically analyzed with SAS statistical
system Package V9.1 (SAS, 2009). Kolmogorov−Smir-
nov test was applied to guarantee the homogeneity and
normality of variances among the different study groups.
One-way ANOVA with the stocking density (SD1, SD2,
and SD3) as the fixed effect and the random effect of rep-
licates was carried out. The difference among means was
applied with Tukey’s test. Log geometric mean was esti-
mated for bacteriological counts. The significant was
established at P < 0.05.
RESULTS

Body weight of 1-day-old chick of Arbor Acres and
Ross-308 breeds did not reveal significant difference
among the different stocking density groups, while later
on the different weeks of age the difference was signifi-
cant. SD3 group possessed the lowest body weight when
compared with birds of SD1 and SD2. It was 41 and 38%
lighter at 6 wk of age than SD1 and SD2 of Arbor Acres
breed, respectively but it was approximately 13% lighter
than SD1 and SD2 of Ross-308 breed. The average daily
gain was the lowest at SD3 especially at 6 wk of age
when compared with SD1 and SD2 of both breeds. There
was a significant difference among different stocking
densities regarding feed intake of both breeds. SD1 of
Arbor Acres breed consumed 99 and 750 g higher feed
than SD2 and SD3, respectively. While of Ross-308
breed, it was 15 and 350 g higher feed than SD2 and
SD3, respectively. Feed conversion ratio was better in
SD1 and SD2 of Arbor Acres breed when compared with
SD3. While in Ross-308 there was no significant differ-
ence regarding the feed conversion (Table 2)
There was a significant effect of stocking density on

biochemical parameters. Creatinine, urea, ALT, and
AST were increased by increasing the stocking density.
They reached the highest levels at SD3 than that of SD1
and SD2 in both breeds. ALT in Arbor Acres breed was
15 and 14% higher in SD3 when compared with SD1 and
SD2, respectively. While, was 21 and 20% of Ross-308
breed, respectively. Total protein and albumin were
higher in SD1 and SD2 than SD3 (Table 3). SD3 revealed
the highest values of cholesterol, TG, MDA, and LDL of
both breeds when compared with SD1 and SD2, with the
lowest levels of HDL, GPX, and IGG (Table 4).



Table 2. Growth performance of broilers reared with different stocking densities (n = 312/breed).

Arbor acres breed Ross-308 breed

Parameters SD1 SD2 SD3 SEM1 P-value SD1 SD2 SD3 SEM P-value

Body weight (g) at different weeks of age
Day 1 48.43 48.50 48.25 0.69 0.98 41.36 42.22 41.45 0.62 0.83
1st wk 160.71a 159.72a 132.75b 4.00 0.002 152.93 151.67 144.50 2.95 0.45
2nd wk 465.36a 442.78a 386.25b 9.09 0.001 440.71a 437.22a 370.70b 8.52 0.000
3rd wk 737.86a 690.00a 626.75b 12.01 0.000 754.14a 750.56a 607.50b 15.59 0.000
4th wk 1,086.43a 1,013.33b 835.75c 20.55 0.000 1,088.57a 1,022.50a 867.20b 19.94 0.000
5th wk 1,445.64a 1,398.33a 1,022.25b 31.02 0.000 1,488.93a 1,426.11a 1,282.95b 17.39 0.000
6th wk 1,951.07a 1,903.61a 1,381.50b 40.24 0.000 2,109.07a 2,099.11a 1,859.05b 25.35 0.000
Average daily gain (g/d) at different weeks of age
0−1 wk 16.04a 15.89a 12.07b 0.50 0.000 15.94 15.63 14.72 0.44 0.48
1−2 wk 43.52a 40.44a 36.21b 0.79 0.000 41.11a 40.79a 31.96b 1.19 0.001
2−3 wk 38.93a 35.32b 34.36b 0.56 0.002 44.78a 44.76a 34.08b 2.03 0.04
3−4 wk 49.80a 46.19a 29.86b 1.62 0.000 47.78 38.85 37.67 2.73 0.30
4−5 wk 51.32a 55.00a 26.64b 2.20 0.000 57.19 57.66 58.93 3.04 0.97
5−6 wk 72.20a 72.18a 51.32b 2.29 0.000 88.59 96.14 82.30 3.69 0.28
0−6 wk 45.30a 44.17a 31.74b 0.96 0.000 49.23a 48.97a 43.28b 0.61 0.000
Relative growth rate (%) at different weeks of age
0−1 wk 106.69a 105.13a 92.57b 1.52 0.000 114.25 111.78 109.82 1.77 0.62
1−2 wk 97.65 94.67 97.82 0.90 0.27 96.44a 96.87a 87.04b 1.98 0.05
2−3 wk 45.47a,b 43.71b 48.09a 0.66 0.01 52.26 52.92 47.67 2.53 0.64
3−4 wk 37.94a 37.98a 28.86b 1.01 0.000 35.73 30.58 36.23 2.54 0.60
4−5 wk 28.35a 32.21a 20.30b 1.09 0.000 31.14 33.07 39.26 1.94 0.19
5−6 wk 29.82 30.70 30.14 0.97 0.94 34.61 37.99 36.38 1.40 0.65
Feed intake (g)
1−42 d 3,050.00a 2,950.92b 2,300.40c 91.51 0.000 3,200.36 a 3,185.38b 2,850.2c 43.34 0.000
Feed conversion ratio (%)
1−42 d 1.56b 1.55b 1.66a 0.01 0.000 1.52 1.52 1.53 0.002 0.06

SD1: stocking density of 14 birds/m2; SD2: stocking density of 18 birds/m2; SD3: stocking density of 20 birds/m2.
Relative growth rate (%) was calculated based on Broody (1945).
1SEM, standard error mean.
a,b,cMeans within the same row with different superscripts letter was differ significantly.
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Stocking density had a significant effect on carcass
characteristics of Arbor Acres and Ross-308 breeds.
Birds of SD3 was the nastiest carcass weight 873 and
1411.60 g; dressing percentage 63.07 and 75.83%; breast
weight 513.10 and 885.50 g; thigh weight 359.90 and
526.08 g when compared with SD1 and SD2 of Arbor
Acres and Ross-308 breeds, respectively. While the
Table 3. Hematology parameters of broilers reared with different stoc

Arbor acres breed

Parameters SD1 SD2 SD3 SEM1

Lymphocyte % 62.20a 60.97b 60.83b 0.09
Heterophil % 23.97c 25.77b 26.93a 0.18
H/L2 0.39c 0.42b 0.44a 0.004
Creatinin (mg/dL) 0.86c 1.06b 1.52a 0.05
Urea (mg/dL) 17.03b 18.10b 21.27a 0.40
TP (g/dL)3 7.43a 7.48a 6.67b 0.10
Albumin (g/dL) 4.21a 4.04a,b 3.92b 0.05
Globulin (g/dL) 3.23b 3.44a 2.75c 0.05
A/G4 1.30b 1.17c 1.43a 0.02
ALT(U/L)5 25.23b 25.43b 29.53a 0.32
AST(U/L)6 34.70b 35.07b 38.37a 0.29

SD1: stocking density of 14 birds/m2; SD2: stocking density of 18 birds/m2; S
1SEM, standard error mean.
2H/L, Heterophil/Lymphocyte ratio.
3TP, total protein.
4A/G, albumin/globulin ratio.
5ALT, alanine transaminase.
6AST, aspartate transaminase.
a,b,cMeans within the same row with different superscripts letter was differ si
internal organs were the heaviest in SD3 of both breeds.
On the other hand, both breeds kept at SD1 and SD2
revealed similar results (Table 3). The dressing % of SD1
and SD2 birds was approximately 19% better than that
of SD3 of Arbor Acres breed, while it was 4% of Ross-308
breed (Table 5). The cooking loss and drip loss of breast
and thigh muscles were higher in SD3 when compared
king densities (n = 156/breed).

Ross-308 breed

P-value SD1 SD2 SD3 SEM P-value

0.000 66.76a 64.37b 61.06c 0.33 0.000
0.000 21.59c 22.17b 26.50a 0.32 0.000
0.000 0.32c 0.34b 0.43a 0.01 0.000
0.000 1.09b 1.19b 2.54a 0.13 0.000
0.000 14.49b 16.60b 24.70a 1.99 0.000
0.000 8.01a 7.73b 6.75c 0.08 0.000
0.06 4.41a 4.32a,b 4.16b 0.04 0.03
0.000 3.60a 3.41b 2.59c 0.07 0.000
0.000 1.22b 1.27b 1.64a 0.04 0.000
0.000 29.71b 30.03b 37.65a 0.66 0.000
0.000 45.13b 45.33b 51.40a 0.86 0.001

D3: stocking density of 20 birds/m2.

gnificantly.



Table 4. Biochemical, oxidative stress and immunological parameters of broilers reared with different stocking densities (n = 156/
breed).

Arbor acres breed Ross-308 breed

Parameters SD1 SD2 SD3 SEM1 P-value SD1 SD2 SD3 SEM P-value

Cholesterol (mg/dL) 155.67b 173.67b 218.00a 7.90 0.003 172.36b 181.00b 248.85a 6.19 0.000
Triglyceride (mg/dL) 166.67b 183.00b 261.00a 8.27 0.000 216.71b 225.00b 320.20a 7.43 0.000
HDL (mg/dL)2 61.00a 57.00a 42.33b 1.90 0.000 65.07a 63.67a 40.50b 1.83 0.000
LDL (mg/dL)3 69.53c 80.07b,b 122.20a 3.73 0.000 75.73b 71.27b 151.38a 6.91 0.000
VLDL (mg/dL)4 40.00b 42.60b 56.47a 1.89 0.000 41.19b 42.33b 67.54a 1.75 0.000
SOD (U/mL)5 5.710a 5.48a 3.38b 0.22 0.000 5.76a 5.09a,b 4.32b 0.19 0.007
GSH (mmol/mL)6 1.313a 1.25a 0.86b 0.07 0.008 0.82a 0.78a 0.47b 0.03 0.000
GPX(U/mL)7 186.67a 172.00a 126.33b 5.66 0.000 192.07a 176.67a 145.55b 5.01 0.000
MDA(nmol/L)8 8.67c 10.30b 15.03a 0.43 0.000 5.81b 5.70b 9.08a 0.44 0.000
Total antioxidant capacity (mM/L) 1.70a 1.71a 0.56b 0.11 0.000 1.73a 1.71a 1.02b 0.06 0.000
C3 (ug/mL)9 17.61a 18.37a 4.22b 1.05 0.000 16.48a 15.68a 9.40b 0.71 0.000
IGG (ng/mL)10 16.35a 12.47b 6.92c 0.84 0.000 20.97a 20.72a 9.88b 1.07 0.000

SD1: stocking density of 14 birds/m2; SD2: stocking density of 18 birds/m2; SD3: stocking density of 20 birds/m2.
1SEM, standard error mean.
2HDL, high-density lipoprotein.
3LDL, low-density lipoprotein.
4VLDL, very low-density lipoprotein.
5SOD, superoxide dismutase.
6GSH, reduced glutathione.
7GPX, glutathione peroxidase.
8MDA, malondialdehyde.
9C3, complement 3.
10IgG, immunoglobulin G.
a,b,cMeans within the same row with different superscripts letter was differ significantly.
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with SD1 and SD2 of both breeds. Moreover, SD3 pos-
sessed the higher bacterial count (Total bacteria, Coli-
forms, and Enterobacteriaceae) than of SD1 and SD2,
while the bacterial counts of SD1 and SD2 were similar
(Tables 6 and 7).
DISCUSSION

The current study investigated the potential impact of
different stocking densities on growth performance, car-
cass traits, indicators of biochemical and oxidative stress
and meat quality of Arbor Acres and Ross-308 broiler
breeds to recommend the better stocking density with
low production coast simultaneously with high quality.
The reduction of growth performance in high stocking
density may be attributed to several factors; a) increased
temperature with decreased air circulation at bird level
(Feddes et al., 2002), b) increased stress which accelerates
corticosterone release that cause a restriction of glucose
Table 5. Carcass traits and relative organs of broilers reared with diff

Arbor acres breed

Parameters SD1 SD2 SD3 SEM1 P-value

Carcass weight 1,525a 1,470a 873b 45.05 0.000
Dressing % 78.02a 77.20a 63.07b 1.02 0.000
Breast % 62.14a 61.11a 58.75b 0.23 0.000
Thigh % 37.86b 38.89b 41.25a 0.23 0.000
Liver % 2.69b 2.76b 5.51a 0.20 0.000
Heart % 0.50b 0.53b 0.89a 0. 03 0.000
Spleen % 0.13b 0.15b 0.36a 0.01 0.000
Gizzard % 1.79b 1.82b 3.17a 0.10 0.000

SD1: stocking density of 14 birds/m2; SD2: stocking density of 18 birds/m2; S
1SEM, standard error mean.
a,b,cMeans within the same row with different superscripts letter was differ si
utilization, therefore growth in the form of protein accre-
tion is reduced (Carsia, 2015), c) decrease body metabolic
heat dissipation and releases ammonia (Dawkins et al.,
2004; Yadgari et al., 2006), d) restrict the space for
growth and feed access that may cause nutritional deficits
and high energy expenditure which augment the stress, e)
the body primarily uses energy for adapting the immune
response, releasing antibodies and increasing heterophil
production with decline in lymphocyte, causing a larger
energy expenditure and poorer feed efficiency
(McFarlane and Curtis, 1989; Carsia, 2015), f) stress
enhances the metabolic rate causing an unfavorable effect
on growth performances (Settar et al., 1999; Deeb et al.,
2002). Chickens are more susceptible to stress especially
at high temperatures, because they lack sweat gland and
enhances the metabolic rate causing an adverse effect on
growth performances (Ensminger et al., 1990;
Settar et al., 1999; Deeb et al., 2002).
There have been conflicting outcomes on the effect of

stocking density on the growth performance of broilers.
erent stocking densities (n = 312/breed).

Ross-308 breed

SD1 SD2 SD3 SEM P-value

1,663.00a 1,658.83a 1,411.60b 25.41 0.000
78.77a 78.95a 75.83b 0.33 0.000
62.78a 62.76a 61.76b 0.19 0.03
38.23a 38.24a 37.24b 0.19 0.03
2.29b 2.37b 4.05a 0.13 0.000
0.32b 0.33b 0.39a 0.008 0.001
0.08 0.08 0.10 0.005 0.25
1.71b 1.75b 2.25a 0.05 0.000

D3: stocking density of 20 birds/m2.

gnificantly.



Table 6. Meat quality of breast muscle of broilers reared with different stocking densities (n = 312/breed).

Arbor acres breed Ross-308 breed

Parameters SD1 SD2 SD3 SEM P-value SD1 SD2 SD3 SEM P-value

pHu 6.24a 6.20a 6.11b 0.01 0.000 6.26a 6.27a 6.08b 0.02 0.000
Cooking loss % 18.88b 19.02b 21.25a 0.16 0.000 19.34b 19.89b 21.68a 0.17 0.000
Drip loss % 11.05b 10.92b 11.49a 0.07 0.009 10.66b 11.00b 12.24a 0.11 0.000
Total bacterial count (Log CFU/g) * 4.65b 4.56b 5.31a 0.04 0.000 4.45b 4.49b 5.18a 0.05 0.000
Enterobacteriaceae (Log CFU/g) * 3.00b 3.09b 3.82a 0.05 0.000 3.11b 3.20b 3.74a 0.05 0.000
Coliforms bacteria (Log CFU/g) * 2.92b 2.99b 3.18a 0.03 0.001 2.85b 2.88b 3.43a 0.04 0.000

SD1: stocking density of 14 birds/m2; SD2: stocking density of 18 birds/m2; SD3: stocking density of 20 birds/m2.
*Results were of Log transformed data (n = 156/breed).
a,b,cMeans within the same row with different superscripts letter was differ significantly.
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Several authors have detected a significant reduction of
growth performance with increasing stocking density
(Feddes et al., 2002; Guardia et al., 2011; Simitzis et al.,
2012; Petek et al., 2014; Chegini et al., 2018). While
others have stated that stocking density did not affect
growth performance (Buijs et al., 2009; Mahrose et al.,
2019a; Obeidat et al., 2019). Our results were compara-
ble with the majority of studies that mentioned increas-
ing stocking density had a detrimental impact on
growth performance. Estevez et al. (1997) and
Sørensen et al. (2000) reported a decrease in body weight
when space per bird was lower than 0.066 m2, moreover,
the body weight gain was declined with increasing the
stocking density from 25 to 40 kg/m2 (Dozier et al.,
2006) that supported the current results.

There was no significant difference regarding the
growth performance between low and medium stocking
density. The finest performance was realized with the
medium (18 birds/m2) and low (14 birds/m2) densities,
while the lowest performance was in high densities (22
birds/m2) (Kryeziu et al., 2018b) which confirmed our
results. Moreover, stocking density further than 35
kgBW/m2 reduced the final BW (Dozier et al., 2006).
Abo Alqassem et al. (2018) stated that medium stocking
density (15 bird/m2) was heavier 140 g of body weight
when compared with high stocking density (20 bird/
m2), but it was comparable with the control group (12
bird/m2). High stocking density of Arbor Acres (45 kg/
m2) resulted in a decreased growth performance and
feed utilization on d 42 when compared with low stock-
ing density (37.5 kg/m2) (Li et al., 2019). On the other
hand, Ligaraba et al. (2016) and Palizdar et al. (2017)
detected that stocking densities of 30 and 40 kg body
weight/m2 did not influence the growth performance of
Table 7. Meat quality of thigh muscle of broilers reared with different

Arbor acres breed

Parameters SD1 SD2 SD3 SE

pHu 6.31a 6.26a 6.16b 0.
Cooking loss 19.37b 19.06b 21.47a 0.
Drip loss 10.51b 10.37b 11.45a 0.
Total bacterial count (Log CFU/g)* 4.67b 4.72b 5.30a 0.
Enterobacteriaceae (Log CFU/g)* 3.10b 3.10b 3.36a 0.
Coliforms bacteria (Log CFU/g)* 2.63b 2.45b 3.31a 0.

SD1: stocking density of 14 birds/m2; SD2: stocking density of 18 birds/m2; S
*Results were of Log transformed data (n = 156/breed).
a,b,cMeans within the same row with different superscripts letter was differ si
broilers (Ross 308 and Avian 48) and also of 10 to 20
birds/m2 (Pettit-Riley and Estevez, 2001).
The current results regarding FCR were similar to the

range reported by Khalid et al. (2021). There was a
conflict results regarding FCR. Some authors reported
that high stocking density increased the FCR
(Rambau et al., 2016; Astanch et al. 2018), that sup-
ported our findings. While, others did not detect any
differences, in spite of the detrimental effect of high
stocking density on growth performance
(Abudabos et al., 2013; Bailie et al., 2018; Heidari and
Toghyani, 2018; Li et al., 2019). FCR of Ross-308 breed
did not reveal any significant difference which confirmed
by others (Kim et al., 2021).
High stocking density causes stress of birds, therefore

reducing growth performance which attributed to redi-
rects blood flows from the gastrointestinal tract to the
peripheral tissues, consequently smashes up the mucosal
tight junction barrier of gastrointestinal tract and
boosts intestinal permeability. This will encourage the
transmission of luminal endotoxins (lipopolysacchar-
ides) into the body that enhance the inflammatory reac-
tions with a reduction of the nutrient and oxygen supply
that harms gut and intestine health, performance (Lam-
bert, 2009) and compromised nutrient absorption of
broilers (Shakeri et al., 2014). Moreover, the reduction
of body weight may be due to interfering with breast
muscle hypertrophy and differentiation through regulat-
ing the expression of IGF-I, MyoD, and MSTN (Li et al.,
2019).
The carcass performance is a crucial economic factor

of the broiler business (Nasr et al., 2017, 2019). The cur-
rent study clarified that low and medium stocking den-
sity had similar results regarding the carcass traits.
stocking densities (n = 312/breed).

Ross-308 breed

M P-value SD1 SD2 SD3 SEM P-value

02 0.000 6.31a 6.23a 6.09b 0.01 0.000
13 0.000 19.53b 19.85b 21.94a 0.17 0.000
08 0.000 10.80b 11.05b 12.17a 0.11 0.000
04 0.000 4.59b 4.59b 5.30a 0.05 0.000
03 0.000 3.09b 3.10b 3.65a 0.04 0.000
04 0.000 2.82b 2.83b 3.20a 0.03 0.000

D3: stocking density of 20 birds/m2.

gnificantly.
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They possessed the best carcass characteristics when
compared with high stocking density. Our results were
confirmed with others who mentioned that increasing
stocking density affects the carcass traits and reduced
carcass quality (Skomorucha et al., 2009;
Sekeroglu et al., 2011) a lower breast fillet
(Castellini et al., 2002; Dozier et al., 2006; Abo Ghanima
et al., 2020), whole breast yield (Feddes et al., 2002;
�Skrbi�c et al., 2011; Abo Ghanima et al., 2020), and thigh
(Abo Ghanima et al., 2020). Moreover, carcass traits of
unsexed Arbor Acres broilers revealed that moderate
stocking density (15 bird/ m2) had the highest dressing
weight and higher dressing percentage (75−77%) when
compared with other groups (12 bird/m2 and 20 bird/
m2) but the difference was not significant
(Abo Alqassem et al., 2018).

The carcass weights and breast % of Ross 308
reared on medium (18 birds/m2) and low (14 birds/
m2) stocking density were significantly higher when
compared with the high stocking density (22 birds/
m2) (Kryeziu et al., 2018a). High stocking density of
male Arbor Acres (18 birds/m2, 45.0 kg/m2) resulted
in a decreased carcass weight, thigh % when com-
pared with low stocking density (15 birds/m2,
37.5 kg/m2) (Li et al., 2019). The reported dressing
percentage in this study was comparable with others
who reported an average of 75 to 77%
(Abo Alqassem et al., 2018; Kryeziu et al., 2018a).
There was an increase in the internal organs weigh in
high stocking density of both breeds. These results
confirmed by Chegini et al., 2018 who stated that
spleen weight was increased in Ross 308 male reared
on high stocking density when compared with low
one and also on quails (Mahrose et al., 2019b). Stress
may cause an increase of lymphoid organ to encour-
age the immune status of birds (Pope, 1991;
Gore and Qureshi, 1997). Moreover, the increased
liver weight may be due to high liver lipids of
stressed broiler that caused high fat % in liver
(Puvadolpirod and Thaxton, 2000).

Blood biochemical indices are considered crucial tool
for diagnosis especially for metabolic diseases
(Rotava et al., 2008). Broilers faced stress, revealed
alterations of blood system that may be due to the ther-
moregulatory responses (Arieli et al., 1979). High stock-
ing density can be stressful and has detrimental effects
on broiler performance and physiological indices
(Cengiz et al., 2015). Corticosterone is of low valuable
indicator for long-term (chronic) stress and birds welfare
(Cunningham et al., 1988), while heterophil-to-lympho-
cyte (H/L) ratio is considered a approachable indicator
of chronic stress in laying hens (Gross and Siegel, 1983;
Zulkifli et al., 2003) and as a welfare index of hens
(Nicol et al., 2009). Corticoids restrain immune system
function, decrease serum protein levels with an increase
of blood glucose levels, that have a harmful effect on
birds' performances (Bollengier-Lee et al., 1998). Our
results supported this as the total protein and albumin
was decreased by increasing the stocking density. Lym-
phocyte number was decreased, while the heterophil was
increased as a result of increasing the stocking density
which was comparable with others (Nathan et al., 1976;
Mashaly et al., 2004; Ajakaiye et al., 2010). This may be
attributed to a) the release of glucocorticoide which dis-
solute the lymphocytes in lymphoid tissues (Gross and
Siegel, 1983), b) increase the level of corticosterone (Sie-
gel, 1985), c) the release of adrenocorticotrophic hor-
mone that stimulate the bone marrow to synthesis
heterophil (Al-Murrani et al., 1997).
There have been conflicting outcomes on the effect of

stocking density on H/L ratio of broilers. A number of
authors have detected an increase of H/L ratio with
increasing stocking density (Feddes et al., 2002;
Zulkifli et al., 2003; Thaxton et al., 2006; Cengiz et al.,
2015). While others have stated that stocking density
did not affect H/L ratio (Heckert et al., 2002;
Spinu et al., 2003; Turkyilmaz, 2008). Our findings were
comparable with the majority of studies that mentioned
increasing stocking density caused an increase of H/L
ratio. But, on the other hand Chegini et al., 2018 stated
that overcrowding stress decreased H/L ratio of Ross
308 male broilers. The H/L ratio of the current study
was in accordance with the range (0.43−0.45) reported
by Li et al. (2019) with the similar stocking density.
There was a significant increase of albumen/globulin

ratio of broiler exposed to stress (Tollba and Has-
san, 2003) that confirmed our findings. Moreover,
Abudabos et al. (2013) detected a reduction of the total
protein with increasing stocking density, which is com-
parable to the current results. Total protein and its frac-
tions values provided the information that interprets
the incidence of dehydration, infections, immune dis-
eases, and inflammatory responses (Silva et al., 2007).
Moreover, serum protein was positively correlated with
the weight of body and protein synthesis consequently
(Al-Attar and Rashd, 1985; Colse, 1986). High stocking
density reduced the albumin level due to stress
(Erisir and Erisir, 2002 ), total protein and globulin with
an increase of the uric acid. Uric acid is an indicator for
protein catabolism, and its increase exhibits high protein
or amino-acid catabolism (Carsia 2015). Liver is a cru-
cial organ that has a role in metabolic body processes.
Serum transaminases activities (AST and ALT) were
assessed the damage and recovery of the hepatic cells
and birds' pathological condition (Jaensch, 2000;
Atsafack et al., 2015), which are sensitive to toxic stuffs
(Gudiso et al., 2019). High stocking density elevated
serum ALT and AST compared to the low density of
broilers that supported by others (Abudabos et al.,
2013). This elevation may be attributed to hepatic or
muscle injury, septicemia, and/or toxemia and their lev-
els are correlated with the amount and severity of cell
damage (Nobakht and Hosseini Fard, 2016). At high
densities, birds struggle to eat more, consequently
more risk of muscular injury that increased the levels of
AST and ALT in the blood. But on contrary,
Jobe et al. (2019) stated that stocking density did not
affect on AST and ALT.
High stocking density increased cholesterol and HDL

levels, this mainly due to HDL play an important role of
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transporting the excess of cholesterol in body tissues
to liver (Tall, 1998; Sahin and Kucukm, 2001). High
stocking density escalated physiological and oxidative
stress and encouraged the damage of intestinal muco-
sal. Consequently, they are more vulnerable to infec-
tious diseases (Li et al., 2019). MDA and glutathione
are the main indicator of lipid peroxidation used for
evaluating the oxidative damage (Sevanian and
Mcleod, 1997; Aengwanich and Suttajit, 2010). Glu-
tathione protects cells and tissues from oxidative
destruction. The reduced glutathione binds quickly
with reactive oxygen species (ROS) and is converted
to the oxidized form (GSSG). Therefore, the reduced
glutathione is decreased with the presence of high
amount of ROS (Bar-Peled et al., 1996). There was a
balance between antioxidant defenses and pro-oxi-
dant production in living animals at normal physio-
logical condition. Inequity of this condition will
initiate the elevation of ROS and generate oxidative
stress that leads to oxidation and damage of lipids
and proteins in the cell and its compartments
(Zhang et al., 2012). Consequently, living organisms
are capable of survive with the oxidative stress
through antioxidant enzymes production and restore
the physiological system. Antioxidant enzymes (SOD,
GSH, and GPx) perform an important role of antioxi-
dant defenses (Seven et al., 2009).

In the current investigation high stocking density
induced oxidative stress status of broilers, as its aug-
mented MDA and decreased the activity of SOD and
GPx in the serum. Our results were confirmed by the
majority of researchers who investigating the deleterious
effect of high stocking density of broilers (Simitzis et al.,
2012; Zhang et al., 2015; Abo Ghanima et al., 2020).
This may be attributed to crowding increasing fights
among birds and causing metabolic disturbances, there-
fore instigating stress, higher lipid peroxidation and
high production of ROS, increased oxidative destruction
and generating MDA due to the and reduced the antiox-
idant enzymes activity (Droge, 2002; Yun-Zhong et al.,
2002; Simsek et al., 2009).

Regarding the immunity, there was a reduction of
complement 3 and IgG at high stoking density which
supported by other researchers (Heckert et al., 2002;
Mashaly et al., 2004; Palizdar et al., 2017) who stated
that high stocking density suppresses the broilers immu-
nity. Energy is intended for preserving the stress
response in the chronic stressor conditions and less
energy is offered for the innate immune system
(McFarlane et al., 1989; McFarlane and Curtis, 1989;
Carsia, 2015). Moreover, releasing somatostatin and
adrenal corticosteroid hormones are responsible for
decreasing the production of immunoglobulin
(Herman et al., 2004). On the other hand,
Li et al. (2019) detected an increase of IgG and IgM with
increasing the stocking density. Moreover, overcrowding
is amplified IgA and IgM levels of Ross 308 male broilers
that may be attributed to enhance the protection of
immune cells as a result of suppressing ROS and lipid
peroxidation (Chegini et al., 2018).
Cooking loss and drip loss percentage of this
study was in accordance with the results of
Moreira et al. (2004) who reported that broilers reared
at density between 10 and 16 birds/m2 did not influence
broilers meat quality of Ross 308, Cobb 500 and Hybro
PG commercial strains. Ultimate muscle pH (pHu) was
decreased with increased in cooking loss and drip loss at
SD3 when compared with SD1 and SD2. This may be
attributed to pHu was the high negatively correlated
with drip loss (van Laack et al., 2000) and cooking loss
(Huff-Lonergan and Lonergan, 2005; Lafuente et al.,
2013) caused by hastening lactate deposit and succes-
sively rises meat toughness (Lynch and Frei, 1993). The
high drop loss caused high loss of soluble nutrients and
flavor constituents (Liu et al., 2011). Low pH of the
meat is associated with decreased glycogen deposit in
meats (Castellini et al., 2002) with distorted meat qual-
ity due to protein denaturation (Wilhelm et al., 2010)
and increased cooking loss (Jeong et al., 2020). Addi-
tionally, this may be attributed to the myofibrillar pro-
teins lose their capability to hold water due to the
disturbance of the collagen and myofibrillar protein
matrix through the ageing and water pushed out from
myofibrils to channels formed between the muscle fiber
and the cell membrane as a result of contraction at rigor
mortis and then water may move out as drip (Law-
son 2004).
Most of cooking loss is due to temperature prompted

denaturation of meat proteins. Myosin denatured at 40
to 53°C with terrible reduction of collagen fibers onsets
at 53 to 63°C (Br€uggemann et al., 2010). While, actin
denatured at 66 to 80°C (Martens et al., 1982; Torn-
berg, 2005; Dominguez-Hernandez et al., 2018).
Recently, Pang et al. (2021) stated that the cooking loss
mainly arises from protein denaturation and decrease in
intramyofibrillar water.
Stress may alter the number of leucocytes and reduced

humoral immunity, consequently decrease the birds
immunity to overcome the bacterial and viral infections
(Mench et al., 1986). Regarding the bacterial counts of
breast and thigh muscles of both breeds revealed that
high stocking density possessed the highest bacterial
count and infection. These results were supported by
others (Kristensen and Wathes, 2000; Bessei, 2006;
Burkholder et al., 2008; Guardia et al., 2011). Poultry
litter is a combination of poultry manure and bedding
materials that considered an environmental ecosystem
with the presence of some microbial populations
(Lovanh et al., 2007). High stocking density boosts
ammonia and moisture level in the litter as a result of
higher deposits of fecal matter, spilled water out, and
insufficient ventilation, consequently reducing the litter
quality and enhances the bacterial growth. Physico-
chemical characteristics and microbiota of poultry litter
affect the intestinal ecosystem as they influence the colo-
nization of enteric pathogens in broiler (C. perfringens
and Eimeria spp.) that ease horizontal transmission and
multiply the shedding of pathogen (Kristensen and
Wathes, 2000; Bessei, 2006; Burkholder et al., 2008;
Guardia et al., 2011).
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CONCLUSIONS

The need for broilers meat is increased because the
consumers consideration of a high-quality food with low
fat and high protein. Therefore, consumers are aware of
animal welfare and quality. Stocking density is consid-
ered one of the main factors influencing birds welfare,
physical activity, and product quality. The current
study concluded that high stocking density has a detri-
mental effect on broilers performance and welfare of
both breeds. It possessed the lowest body weight, carcass
weight, dressing percentage, breast weight, thigh
weight, HDL, GPX, and IGG with the highest levels of
ALT, cholesterol, TG, MDA, LDL, cooking loss, drip
loss of breast and thigh muscles, and bacterial count of
both breeds. Therefore, the current study recommended
that the best stocking density of Arbor Acres and Ross-
308 breed is SD2 (18 birds/m

2).
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Petek, M., H. €USt€UNer, and D. YeŞ _ILba�G. 2014. Effects of stocking
density and litter type on litter quality and growth performance of
broiler chicken. Kafkas Univ. Vet. Fakultesi Dergisi 20:743–748.

Pettit-Riley, R., and I. Estevez. 2001. Effects of density on perching
behavior of broiler chickens. Appl. Anim. Behav. Sci. 71:127–140.

Pope, C. R. 1991. Pathology of lymphoid organs with emphasis onim-
munosuppression. Vet. Immunol. Immunopathol. 30:31–44.

Puvadolpirod, S., and J. P Thaxton. 2000. Model of physiological
stress in chickens. 1. Response parameters. Poult. Sci. 79:363–369.

Rambau, M. D., M. L. Mudau, S. D. Makhanya, and K. Benyi. 2016.
Effects of stocking density and daily feed withdrawal periods on
the performance of broiler chickens in a semi-arid environment.
Trop. Anim. Health. Prod. 48:1547–1554.

Rotava, R., I. Zanella, A. K. Karkow, A. P. Dullius, L. P. da Silva,
and C. C. Denardin. 2008. Bioquímica sanguínea de frangos de
corte alimentados com subprodutos da uva. Agrarian 1:91–104.

Sahin, R., and O. Kucukm. 2001. A simple way to reduce heat stress
in laying hens as judged by egg laying, body weight gain and bio-
chemical parameters. Acta Vet. Hung. 49:421–430.
SAS. 2009. SAS Statistical System Package-Jmp 8 User’s Guide. 2nd
ed SAS Institute Inc., Cary, NC ISBN 978-1-60764-301-2.

Sekeroglu, A., M. Sarica, M. S. Gulay, and M. Duman. 2011. Effect of
stocking density on chick performance, internal organ weights and
blood parameters in broilers. J. Anim. Vet. Adv. 10:246–250.

Settar, P., S. Yalcin, L. Turkmut, S. Ozkan, and A. Cahanar. 1999.
Season by genotype interaction related to broiler growth rate and
heat tolerance. Poult. Sci. 78:1353–1358.

Sevanian, A., and L. Mcleod. 1997. Pages 47−70 in Formation of Bio-
logical Reactivity of Lipid Peroxidation Products. Taylor and
Francis, Washington, DC.

Seven, P. T., S. Y{lmaz, I. Seven, I. H. Cerc{, M. A. Azman, and
M. Y{lmaz. 2009. Effects of propolis on selected blood indicators
and antioxidant enzyme activities in broilers under heat stress.
Acta Vet. Brno. 78:75–83.

Shakeri, M., I. Zulkifli, A. F. Soleimani, E. L. O’Reilly,
P. D. Ecker-sall, A. A. Anna, S. Kumari, and F. F Abdullah. 2014.
Responseto dietary supplementation of L-glutamine and L-gluta-
mate inbroiler chickens reared at different stocking densities under
hot, humid tropical conditions. Poult. Sci. 93:2700–2708.

Shanawany, M. M. 1988. Broiler performance under high stocking
densities. Br. Poult. Sci. 29:43–52.

Siegel, H. S. 1985. Immunological responses as indicators of stress.
Worlds Poult. Sci. J. 41:36–44.

Silva, P. R. L., O. C. Freitas Neto, O. M. Laurentiz, A. C. Junqueira,
and J. J Fagliari. 2007. Blood serum components and serum pro-
tein test of Hybro-PG broilers of different ages. Braz. J. Poult. Sci.
9:229–232.

Simitzis, P. E., E. Kalogeraki, M. Goliomytis, M. A. Charismiadou,
K. Triantaphyllopoulos, A. Ayoutanti, K. Niforou,
A. L. Hager-Theodorides, and S. G. Deligeorgis. 2012. Impact of
stocking density on broiler growth performance, meat characteris-
tics, behavioural components and indicators of physiological and
oxidative stress. Br. Poult. Sci. 53:721–730.

Simsek, U. G., B. Dalkilic, M. Ciftci, and A. Yuce. 2009. The influences
of di_erent stocking densities on some welfare indicators, lipid per-
oxidation (MDA) and antioxidant enzyme activities (GSH, GSH-
Px, CAT) in broiler chickens. J. Anim. Vet. Adv. 8:1568–1572.

Skomorucha, I., R. Muchacka, E. Sosnowka-Czajka, and
E. Herbut. 2009. Response of broiler chickens from three genetic
groups to different stocking densities. Ann. Anim. Sci. 9:175–184.

�Skrbi�c, Z., Z. Pavlovski, and D. Mili�c. 2011. The effect of rearing con-
ditions on carcass slaughter quality of broilers from intensive pro-
duction. Afr. J. Biotechnol. 10:1945–1952.

Sørensen, P., G. Su, and S. C. Kestin. 2000. Effects of age and stock-
ing density on leg weakness in broiler chickens. Poult. Sci. 79:864–
870.

Spinu, M., S. Benveneste, and A. A. Degen. 2003. Effect of density
and season on stress and behaviour in broiler breeder hens. Br.
Poult. Sci. 44:170–174.

Swanson, J. C. 1995. Farm animal well-being and intensive produc-
tion systems. J. Anim. Sci. 73:2744.

Tall, A. R. 1998. An overview of reverse cholesterol transport. Eur.
Heart J. 19(Suppl):A31e5.

Thaxton, J. P., W. A. Dozier, S. L. Branton, G. W. Morgan,
D.W.Miles,W. B. Roush, B. D. Lott, and Y. Vizzier-Thaxton. 2006.
Stocking density and physiological adaptive responses of broilers.
Poult. Sci. 85:819–824.

Tollba, A. A. H., and M. S. H. Hassan. 2003. Using some natural addi-
tives toimprovephysiological and productiveperformanceofbroiler-
under high temperature condition. Egypt Poult. Sci. 23:327–340.

Tornberg, E. V. A. 2005. Effects of heat on meat proteins-implications
on structure and quality of meat products. Meat Sci. 70:493–508.

Tsiouris, V., I. Georgopoulou, C. Batzios, N. Pappaioannou,
R. Ducatelle, and P. Fortomaris. 2015. High stocking density as a
predisposing factor for necrotic enteritis in broiler chicks. Avian
Pathol. 44:59e66.

Turkyilmaz, M. K. 2008. The effect of stocking density on stress reac-
tion in broiler chickens during summer. Turk. J. Vet. Anim. Sci.
32:31–36.

Van Laack, R. L. J. M., C. H. Liu, M. O. Smith, and
H. D Loveday. 2000. Characterization of pale, soft, exudative
broiler breasts. Poult. Sci. 79:1057–1061.

Wilhelm, A. E., M. B. Maganhini, F. J. Hern_andez-Blazquez,
E. I. Ida, and M. Shimokomaki. 2010. Protease activity and the

http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0075
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0075
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0076
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0076
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0077
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0077
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0078
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0078
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0078
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0078
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0079
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0079
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0079
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0079
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0080
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0080
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0080
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0081
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0081
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0081
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0081
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0081
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0082
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0082
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0082
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0083
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0083
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0083
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0083
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0084
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0084
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0084
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0084
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0085
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0085
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0085
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0086
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0086
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0087
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0087
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0087
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0088
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0088
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0088
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0089
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0089
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0089
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0089
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0090
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0090
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0090
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0090
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0091
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0091
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0091
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0091
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0092
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0092
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0092
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0092
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0092
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0092
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0092
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0093
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0093
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0094
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0094
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0095
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0095
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0096
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0096
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0096
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0096
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0097
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0097
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0097
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0098
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0098
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0098
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0099
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0099
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0100
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0100
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0100
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0101
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0101
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0101
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0102
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0102
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0102
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0103
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0103
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0103
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0103
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0103
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0103
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0103
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0104
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0104
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0104
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0104
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0104
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0105
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0105
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0106
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0106
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0107
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0107
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0107
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0107
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0108
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0108
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0108
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0108
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0108
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0108
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0109
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0109
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0109
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0109
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0110
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0110
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0110
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0111
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0111
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0111
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0111
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0111
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0112
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0112
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0112
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0113
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0113
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0113
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0114
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0114
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0115
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0115
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0116
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0116
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0116
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0116
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0117
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0117
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0117
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0118
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0118
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0119
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0119
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0119
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0119
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0120
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0120
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0120
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0121
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0121
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0121
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0122
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0122


12 NASR ET AL.
ultrastructure of broiler chicken PSE (pale, soft, exudative) meat.
Food Chem. 119:1201e4.

Yadgari, L., R. Kinereich, S. Druyan, and A. Cahaner. 2006. The
effects of stocking density under hot conditions on growth, meat
yield and meat quality of featherless and feathered broilers. Worlds
Poult. Sci. J. 62(Suppl):603–604.

Yuan, J. M. 2017. Advances in density stress and nutrition regulation
of poultry. China Poult. 39:1–5 (in Chinese).

Yun-Zhong, F., Y. Sheng, and W. Guoyao. 2002. Regulation of physi-
ological systems by nutrients: free radicals, antioxidants, and
nutrition. Nutrition 18:872–879.

Zhang, M., X. T. Zou, H. Li, X. Y. Dong, and
W. Zhao. 2012. Effect of dietary g-aminobutyric acid on
laying performance, egg quality, immune activity and
endocrine hormone in heat-stressed Roman hens. Anim.
Sci. J. 83:141e7.

Zhang, C., J. Q. Luo, B. Yu, J. L. Chen, and D. W Chen. 2015. Effects
of resveratrol on lipid metabolism in muscle and adiposetissues: a
reevaluation in a pig model. J. Funct. Foods 14:590–595.

Zhang, Y. R., L. S. Zhang, Z. Wang, Y. Liu, F. H. Li, J. M. Yuan, and
Z. F. Xia. 2018. Effects of stocking density on growth performance,
meat quality and tibia development of Pekin ducks. Anim. Sci. J.
89:925–930.

Zulkifli, I., P. K. Liew, D. A. Israf, A. R. Omar, and
M. Hair-Bejo. 2003. Effects of early age feed restriction and heat
conditioning on heterophil/lymphocyte ratios, heat shock protein
70 expression and body temperature of heat-stressed broiler chick-
ens. J. Therm. Biol. 28:217–222.

http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0122
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0122
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0123
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0123
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0123
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0123
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0124
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0124
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0125
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0125
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0125
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0126
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0126
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0126
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0126
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0126
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0127
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0127
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0127
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0128
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0128
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0128
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0128
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0129
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0129
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0129
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0129
http://refhub.elsevier.com/S0032-5791(21)00465-X/sbref0129

	Potential impact of stocking density on growth, carcass traits, indicators of biochemical and oxidative stress and meat quality of different broiler breeds
	INTRODUCTION
	MATERIALS AND METHODS
	Animals and the Experiment
	Growth Performance, Hematological, and Biochemical Parameters
	Carcass Traits
	Meat Quality Measurements
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	DISCLOSURES

	REFERENCES


