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ABSTRACT The effects of different rearing systems
(RS) including cage rearing systems (CRS), litter rearing
systems (LRS), and perforated plastic slate rearing sys-
tems (PSRS) on the productive performance, carcass
traits, blood hematological and biochemical parameters,
and humoral immunity in broiler chickens exposed to
heat stress were investigated. A total of 270 1-day-old
Avian 48 chicks were randomly assigned to 3 groups
equally, each was divided into 9 replicates (each of 10
birds) housed in studied RS. Results revealed that CRS
had higher (P, 0.001) bodyweight andweight gain at all
experimental periods (except in the sixth wk for weight
gain) followed by LRS. Birds housed in PSRS consumed
lower (P , 0.001) feed than those in CRS (during the
fourth to sixth and overall periods) and LRS (during all
experimental periods except the second one). Best values
of feed conversion ratio and European broiler index were
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shown in CR birds. All carcass traits were not altered by
different RS except the percentages of dressing, liver,
breast, and left filet, which were elevated (P , 0.05) in
caged birds. Eosinophil, lymphocyte, basophil, and
monocyte counts and phagocytic index and activity were
reduced (P, 0.05 orP, 0.01) in LRS. Humoral immune
response against the Newcastle disease virus and avian
influenza were not differed. Birds in LRS showed higher
(P , 0.05) serum cholesterol, uric acid, and lactate de-
hydrogenase as well as liver and muscle cholesterol con-
tents. Lipid peroxidation was reduced (P , 0.05) in the
LRS and PSRS groups, whereas superoxide dismutase
was elevated (P, 0.05) in CRS and LRS. Thus, CRS and
LRS were preferred for better growth performance and
carcass traits of heat-stressed broilers, whereas CRS and
PSRSwere better in reducing tissue cholesterol under the
conditions of our study.
Key words: broiler, rearing system, grow
th, oxidative status, humoral immunity
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INTRODUCTION

Rearing systems of broiler chickens are crucial to influ-
ence their welfare, health, and production efficiency
especially under heat stress conditions. Heat stress has
strong and immediate impacts on the welfare and
performance of birds (Alagawany et al., 2017; El-Kholy
et al., 2017, 2018; Farghly et al., 2018a; b; c; Abd El-
Hack et al., 2019a), and these adverse effects are
strongly influenced by interfering with different
European broiler g and rearing systems. Floor
constructions greatly contribute to heat gain or loss in
summer and its effect is usually ignored. However, the
use of an appropriate rearing system is often effective
in controlling bedding temperature and obtaining an
adequate thermal environment in the birds’ living area
(Farghly et al., 2018d). Three rearing systems including
litter rearing system (LRS), cage rearing system (CRS),
and perforated plastic slate rearing system (PSRS) are
used in conventional production of broilers. Each of
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Table 1. Ingredients and composition of basal diet.

Ingredients Starter Grower

Yellow corn 59.50 62.5
Soybean meal (44%) 26.00 23.94
Maize gluten meal (62%) 9.00 7.00
Vegetable oil 1.50 2.50
Limestone 1.12 1.23
Dicalcium Phosphate 1.75 1.70
Premix1 0.30 0.30
NaCl (salt) 0.30 0.30
L-lysine 0.36 0.36
DL-Methionine 0.17 0.17
Calculated compositions2

ME (kcal kg21) 3,055.00 3,120
Crude protein 22.10 20.20
Calcium 0.93 0.95
Nonphytate phosphorus 0.46 0.45
Methionine 0.3 0.3
Lysine 1.28 1.2
TSAA 0.98 0.90

Abbreviation: TSAA, total sulfur amino acids.
1Provides each kg of diet: vitamin A, 12,000 IU; vitamin D3, 5,000 IU;

vitamin E, 130.0mg; vitaminK3, 3.605mg; vitamin B1, 3.0 mg; vitamin B2,
8.0 mg; vitamin B6, 4.95 mg; vitamin B12, 0.17 mg; niacin, 60.0 mg; folic
acid, 2.083 mg; D-biotin, 200.0 mg; calcium D-pantothenate, 18.333 mg;
copper, 80 mg; iodine, 2.0 mg; selenium, 150.0 mg; iron, 80.0 mg; manga-
nese, 100.0 mg; zinc, 80.0 mg; cobalt, 500.0 mg.

2Calculated according to (NRC, 1994).
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these rearing systems is characterized by several pros
and cons. Moreover, costs of feeding instruments are
cheap in LRS; however, this system requires more floor
space, and the birds raised in it are more susceptible to
respiratory and enteric diseases such as chronic respira-
tory disease, enteritis, and coccidiosis because of their
contact with manure and the incidence of dust and wet
litter. Cage rearing system addresses all problems of
LRS because there is no need to use the litter in addition
to increasing uniformity and production per unit area,
improving feed efficiency, reducing labor cost/m2,
increasing annual production owing to convenience of
cleaning and disinfection operations, and the ease of
transporting birds to slaughterhouses (Willis et al.,
2002). Nevertheless, CRS has many obstacles and disad-
vantages also including high initial investment costs,
deterioration of birds welfare, increase mortalities
related to wing and leg disorders, incidence of perosis,
leg and wing fractures caused by bone softening, and dif-
ficulty of management and controlling environmental
factors at large-scale flocks (Sogunle et al., 2008;
Moravej et al., 2012; Lacin et al., 2013; Shields and
Greger, 2013). The plastic-slatted floors are cost-
effective, very durable, and easy to install and clean
and do not deteriorate or need rapid replacement
(Farghly et al., 2018d; Çavuşo�glu et al., 2018).
Results of studies conducted to assess the effects of

LRS and CRS on broiler performance were not always
consistent. It has been reported that LRS improved
growth performance of male broilers than CRS
(Fortomaris et al., 2007; Santos et al., 2012).
However, Al-Bahouh et al. (2012) and Wang et al.
(2015) observed better performance and economic effi-
ciency of birds reared in CRS. Moreover, Bahreiny
et al. (2013) noticed no alterations in growth perfor-
mance parameters of male and female broilers affected
by LRS or CRS. Limited researches have been conduct-
ed to evaluate the impact of PSRS on broiler perfor-
mance, meat quality, and other traits particularly
under heat stress. Therefore, the present study was
designed to investigate the impact of these 3 rearing
systems (CRS, LRS, and PSRS) on growth perfor-
mance, carcass traits, blood hematological and
biochemical parameters, tissue cholesterol content,
oxidative stress biomarkers, and humoral immunity in
broiler chickens reared under heat stress.

MATERIALS AND METHODS

The experimental procedures were performed in accor-
dance with the guidelines of the Animal Care and Ethics
Committee at Animal Husbandry and Animal Wealth
Development Department, Faculty of Veterinary Medi-
cine, Damanhour University, Egypt.

Experimental Birds, Design, and
Management

Three hundred twenty-four 1-day-old broiler chicks
(Avian 48) were obtained from a local hatchery in
Egypt and randomly assigned equally to 3 groups,
each was divided into 9 replicates (each of 12 birds) to
evaluate the impacts of different rearing systems
(CRS, LRS, and PSRS) as a managerial tool to elimi-
nate the deleterious effects of the heat stress on growth
performance, carcass traits, blood hematological and
biochemical parameters, tissue cholesterol content,
oxidative stress biomarkers, and humoral immunity of
broilers. Chicks of LRS (control birds) were housed in
1 m2 pen/replicate and brooded on wood shaving litter
at a depth of 5 cm. In CRS, birds were caged in stainless
steel batteries with dimensions of 100 ! 90 ! 45 cm
(length ! width ! height)/pen/replicate. Birds of
PSRS were brooded and raised in pens (1 m2 space/
replicate) with plastic slate floor (50! 50 cm) that con-
sisted of holes (15 ! 10 mm) and bridges (steel bars
covered with plastic; width 3.5 mm). During the entire
fattening period, the excreta were stored at a depth of
approximately 20 cm under the slatted flooring. Pens
of LRS and PSRS were separated with net walls of
1 m height. Under all RS, each pen was equipped with
a separate feeder and conventional drinker, and water
and feed were offered ad libitum. Starter (1 to 21 D)
and grower (22 to 42 D) rations were formulated
(Table 1) to meet the requirements of NRC (1994).
The experiment was conducted under summer condi-
tions (June to August). Chicks were brooded at 33�C,
at the birds’ level, during first 3 D of age, and then tem-
perature reduced gradually to meet the natural ambient
temperature and relative humidity (24.2�C to 37.4�C
and 49.5 to 77.3% at midnight and midday, respec-
tively). All chicks were subjected to the same vaccination
program and exposed to 24 h constant light during all
the experimental period.
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Growth Performance Traits

Individual live body weight/replicate was recorded at
the beginning of each experimental week in early morning
before receiving any feed. Weekly weight gain was calcu-
lated, and feed intake (FI) was also recorded weekly to es-
timate feed conversion ratio (FCR) (as g feed: g gain) on
replication basis. Birds were monitored for mortality 3
times a day. European broiler index (EBI) was calculated
for the overall period using the following equation: EBI5
daily BWG! survival rateOFCR! 10.
Carcass Characteristics

Before slaughtering, birds were deprived of feed for
12 h and weighed. One bird/replicate was slaughtered,
scalded, wet plucked, and eviscerated. The liver, gizzard,
heart, and spleen were separated and individually
weighed, and the dressing percentage was determined
as hot carcass weight/preslaughter weight ! 100.
Abdominal fat was collected from carcass and weighed.
The blood, lungs, limbs, viscera, head, and neck were
termed as the offal and discarded. The carcass was cut
into separate parts including the shoulder (average of 2
shoulders’ weight), thigh (average of 2 thighs’ weight),
breast (muscles with the sternum), and left filet (the
deskinned left breast muscle), and each was weighed
and proportioned to the preslaughter weight. Liver,
breast, and thigh samples were immediately imbedded
in liquid nitrogen and stored at 280�C till the analysis
of the cholesterol content.
Blood Hematology, Biochemistry, and
Tissue Cholesterol Content

At 42 D of age, 2 blood samples were collected from
wing veins from 1 bird/replicate/group in separate
labeled test tubes. For hematological observations, the
first tube contained 3.2% sodium citrate solution to pre-
vent blood from clotting. Hemoglobin and hematocrit
values and erythrocyte, leucocyte, and differential leuco-
cytic counts were determined. Phagocytic activity and
index were determined as described by Kawahara et al.
(1991). Blood collected in the second tube was allowed
to clot and was then centrifuged at 4,500 ! g for
15 min. The sera were collected and preserved at
280�C until the time of analysis. Aspartate aminotrans-
ferase, alanine aminotransferase, lactate dehydrogenase
(LDH), urea, uric acid, creatinine, and total cholesterol
were determined spectrophotometrically (Spectronic
1,201, Milton Roy, Ivyland, PA, USA) using commercial
kits of Bio Diagnostic Co., Egypt, in accordance with the
manufacturer’s instructions. Serum oxidative stress bio-
markers including malondialdehyde (MDA) content and
superoxide dismutase (SOD) and glutathione peroxidase
(GPx) activities were estimated using ELISA Kit of
QuantiChrom (BioAssay Systems, USA and Cayman
Chemical Company, USA). Cholesterol content in liver,
breast, and thigh muscles samples was determined in
accordance with the modified method of the one
described by Dinh et al. (2008).
Estimation of Humoral Immune Response

Nine chicks from each group were randomly chosen,
marked, and vaccinated with Newcastle disease virus
(NDV) and avian influenza (H9N1 and H5N2) at 28 D
of age. Blood samples were collected 14 D after immuni-
zation, kept till clotting, and then, centrifuged at
4,500 ! g for 10 min, and the sera samples are stored
at 280�C until determination of antibody titers. Serum
antibody titers were determined by means of the hemag-
glutination inhibition test using ELISA test kit
(FLOCKTYPE recNDV; Labor Diagnostik, Leipzig,
Germany) as described by OIE (2009).
Statistical Analysis

Differences among experimental groups were analyzed
by one-way ANOVA with the general linear models us-
ing SPSS software, version 18.0. The cage was the exper-
imental unit for growth performance traits, while
individuals’ data were the experimental units for the
rest of the parameters. The applied model was as follows:

Yij 5 m 1 Ti 1 eij

where Yij 5 an observation, m 5 the overall mean,
Ti 5 effect of different rearing systems (CRS, LRS, and
PSRS), and eij 5 random error. Shapiro–Wilk and Levene
tests were used to test the normal distribution of data as
well as homogeneity of variance. Tukey’s multiple rang
test was used to detect differences between groups at a sig-
nificance level of P , 0.05.
RESULTS

Growth Performance Traits

Interval growth performance traits were greatly
affected by different rearing systems (Table 2). Live
body weight during all experimental periods was
significantly (P , 0.001) increased in CRS birds
compared with LRS birds, whereas birds reared under
PSRS recorded the lowest BW. The CRS birds also
had higher (P , 0.01) BWG during all experimental
periods (except sixth wk of age) and the overall one
compared with other treatment groups. Birds of LRS
consumed higher (P , 0.001) feed than CRS birds
during the first, third, sixth, and overall periods,
whereas birds housed in PSRS recorded the lowest
FI during all periods. Better interval and total FCR
and EBI values were observed in caged birds followed
by PSRS. Dressing percentage and relative weights of
the liver, breast and lift fillet were significantly
(P , 0.05) elevated in CRS birds compared with birds
of the other rearing system (Table 3). Relative
weights of the gizzard, heart, spleen, abdominal fat,



Table 2. Effect of different rearing systems on growth, feed intake, and feed conversion
ratio in broiler chickens.

Traits

Rearing systems1

SEM2 P-valueCRS LRS PSRS

First wk
Chick body weight (g, day 0) 40.30 40.35 40.35 0.201 0.993
BW (g) 164.1a 165.1a 157.3b 0.899 ,0.001
WG (g/bird/wk) 123.8a 124.8a 116.9b 0.913 ,0.001
FI (g/bird/wk) 182.5c 187.8a 185.8b 0.395 ,0.001
FCR (g feed/g gain) 1.48b 1.51b 1.60a 0.012 ,0.001

Second wk
BW (g) 375.4a 354.3b 345.0c 2.008 ,0.001
WG (g/bird/wk) 211.3a 189.2b 187.7b 2.028 ,0.001
FI (g/bird/wk) 308.8 307.0 305.0 1.110 0.393
FCR (g feed/g gain) 1.46b 1.63a 1.63a 0.016 ,0.001

Third wk
BW (g) 662.6a 625.6b 617.8c 2.895 ,0.001
WG (g/bird/wk) 287.3a 271.3b 272.8b 2.035 0.001
FI (g/bird/wk) 417.5b 427.8a 420.0b 1.149 ,0.001
FCR (g feed/g gain) 1.46b 1.58a 1.54a 0.013 ,0.001

Forth wk
BW (g) 1,211.8a 1,117.7b 1,068.3c 8.712 ,0.001
WG (g/bird/wk) 549.2a 492.1b 450.5c 6.823 ,0.001
FI (g/bird/wk) 855.8a 868.8a 763.8b 9.890 ,0.001
FCR (g feed/g gain) 1.56b 1.77a 1.70a 0.022 ,0.001

Fifth wk
BW (g) 1,916.3a 1,767.0b 1,687.5c 14.81 ,0.001
WG (g/bird/wk) 704.5a 649.4b 619.3b 10.19 0.002
FI (g/bird/wk) 1,187.5a 1,174.3a 1,002.5b 14.18 ,0.001
FCR (g feed/g gain) 1.70b 1.83a 1.64b 0.029 0.022

Sixth wk
BW (g) 2,366.4a 2,199.0b 2,103.2c 16.88 ,0.001
WG (g/bird/wk) 450.2 432.0 415.7 12.72 0.550
FI (g/bird/wk) 848.8b 885.0a 777.5c 6.507 ,0.001
FCR (g feed/g gain) 1.93 2.21 2.01 0.071 0.242

Overall (day 0 to 42)
WG (g/bird/wk) 2,326.1a 2,158.7b 2,062.8c 16.88 ,0.001
FI (g/bird/wk) 3,800.8b 3,850.5a 3,454.5c 24.20 ,0.001
FCR (g feed/g gain) 1.64c 1.79a 1.68b 0.011 ,0.001
EBI 339.1a 288.6b 293.7b 3.890 ,0.001

Means carrying different superscripts within the same raw are significantly different (P, 0.05).
1Abbreviations: CRS, cage rearing system; LRS, litter rearing system; PSRS, plastic slate

rearing system.
2Abbreviations: BW, body weixght; EBI, European Broiler Index; FCR, feed conversion ratio;

FI, feed intake; SEM, standard error of means; WG, weight gain.
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thigh, and shoulder were not influenced by studied
rearing systems.
Table 3. Effect of different rearing systems on organ weights
(g/100 g body weight) in broiler chickens.

Traits

Rearing systems1

SEM2 P-valueCRS LRS PSRS

Dressing weight 72.71a 69.55b 70.30b 0.466 0.004
Liver weight 4.42a 3.99b 4.04a,b 0.084 0.045
Gizzard weight 3.06 2.72 2.90 0.080 0.238
Heart weight 0.90 0.85 0.92 0.017 0.241
Spleen weight 0.22 0.20 0.21 0.006 0.371
Hematological Observations

As presented in Table 4, rearing systems did not
affect erythrocyte, total leucocyte, and heterophil
(H) counts and values of hemoglobin and hematocrit.
However, counts of eosinophils, lymphocytes (L), baso-
phils, and monocytes and phagocytic index and activ-
ity were increased (P , 0.05) in the birds of CRS and
PSRS compared with those of the birds in LRS. The
H/L ratio was decreased in birds reared in CRS and
PSRS compared to LRS birds.
Abdominal fat weight 1.44 1.77 1.82 0.092 0.187
Breast weight 28.08a 25.85b 25.80b 0.443 0.041
Thigh weight 17.47 16.29 16.16 0.359 0.277
Shoulder weight 4.77 4.06 4.18 0.183 0.249
Lift filet weight 11.84a 10.47b 10.32b 0.272 0.027

Means carrying different superscripts within the same raw are signifi-
cantly different (P , 0.05).

1Abbreviations: CRS, cage rearing system; LRS, litter rearing system;
PSRS, plastic slate rearing system.

2Abbreviation: SEM, standard error of means.
Blood Biochemical Parameters

Hepatic and renal function biomarkers as affected
by rearing systems are presented in Table 5. Serum
levels of Aspartate aminotransferase, alanine amino-
transferase and urea were not differed among experi-
mental groups. However, the serum content of LDH
and uric acid was elevated (P , 0.05) in the LRS
group, whereas the creatinine level was increased
(P , 0.01) in the PSRS group. Humoral immune
response was not affected by different rearing systems;



Table 4. Effect of different rearing systems on blood corpuscle, hematocrit, and
hemoglobin concentration of broiler chickens.

Traits

Rearing systems1

SEM2 P-valueCRS LRS PSRS

Leukocyte count ( ! 103/mm3) 23.75 23.86 23.84 0.057 0.720
Erythrocyte count ( ! 106/mm3) 3.19 3.15 3.21 0.018 0.413
Hematocrit % 29.26 29.20 29.02 0.076 0.432
Hemoglobin (g/dl) 14.03 14.00 14.10 0.046 0.671
Eosinophils % 8.54a 8.16b 8.44a 0.060 0.014
Lymphocytes % 36.08a 34.34b 36.18a 0.267 0.001
Heterophils% 23.28 23.42 23.40 0.075 0.744
H/L Ratio 0.645b 0.682a 0.647b 0.006 0.002
Basophils% 1.10a 1.04b 1.08a 0.009 0.003
Monocytes% 5.42a 5.16b 5.42a 0.049 0.026
Phagocytic index 1.72a 1.44b 1.66a 0.040 0.002
Phagocytic activity 16.30a 15.10b 16.40a 0.206 0.005

Means carrying different superscripts within the same raw are significantly different (P ,
0.05).

1Abbreviations: CRS, cage rearing system; LRS, litter rearing system; PSRS, plastic slate
rearing system.

2Abbreviation: SEM, standard error of means.
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total antibody titers against NDV, H9N1, and H5N2
were not altered in birds reared in the CRS, LRS, or
PSRS.
Tissue Cholesterol Content

Data depicted in Figure 1 illustrate the impact of rear-
ing systems on the serum, liver, breast, and thigh con-
tent of cholesterol. Cholesterol level in serum and liver
tissue was reduced significantly (P , 0.05) in the CRS
birds and numerically in the PSRS birds. Moreover,
CRS and PSRS reduced (P , 0.05) cholesterol content
of breast and thigh muscles.
Oxidative Stress Biomarkers

Serum levels of oxidative stress biomarkers are
illustrated in Figure 2. Serum content of MDA, as a
lipid peroxidation biomarker, was increased
(P , 0.05) in CRS birds compared with that in birds
of the other rearing systems. However, SOD activity
Table 5. Effect of different rearing syst
biomarkers and humoral immunity of b

Traits

Rearing sy

CRS LR

AST, U/L 97.20 97.0
ALT, U/L 20.00 19.8
LDH, U/L 332.2b 341.4
Urea, mmol/L 5.30 5.5
Uric acid, mmol/L 408.6b 416.6
Creatinine, mmol/L 0.430b 0.4
NDV titer 2.79 2.6
AIV (H9N1) titer 2.89 2.8
AIV (H5N2) titer 2.93 2.7

Means carrying different superscripts w
different (P , 0.05).

1Abbreviations: CRS, cage rearing syste
plastic slate rearing system.

2Abbreviations: AIV, avian Influenza v
AST, aspartate aminotransferase; LDH, la
disease virus; SEM, standard error of means
was elevated (P , 0.05) in the CRS and LRS groups.
Glutathione peroxidase activity was not significantly
influenced.
DISCUSSION

In the present results, CRS birds recorded the highest
BW and BWG followed by LRS and PSRS birds. The
LRS birds consumed higher feed than CRS birds,
whereas PSRS birds recorded the lowest FI. The best
FCR and EBI values were observed in caged birds fol-
lowed by PSRS ones. These variations in growth perfor-
mance among different rearing systems under heat stress
may be becasue of the different ability of broilers to ex-
change their body heat with air, bedding floor materials,
and the ground underneath. The possible reason for the
increased growth of birds reared in CRS was their lack of
direct contact with feces, which maintains better envi-
ronmental hygiene and thus reduces the incidence of dis-
eases. The aforementioned reasons may also explain the
improvement of FCR and EBI in CRS and PSRS birds.
ems on hepatic and renal function
roiler chickens.

stems1

SEM2 P-valueS PSRS

0 95.60 1.978 0.946
0 19.20 0.433 0.763
a 332.2b 1.843 0.049
3 5.41 0.046 0.101
a 404.8b 1.907 0.021
56b 0.484a 0.007 0.003
8 2.61 0.042 0.205
6 2.89 0.043 0.948
5 2.86 0.048 0.313

ithin the same raw are significantly

m; LRS, litter rearing system; PSRS,

irus; ALT, alanine aminotransferase;
ctate dehydrogenase; NDV, Newcastle
.
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Figure 1. Effect of different rearing systems on cholesterol content of the (A) serum, (B) liver, (C) breast muscle, and (D) thigh muscle of broiler
chickens. Data are presented as mean values with their standard errors. Values with different superscript letters are statistically different (P, 0.05).
Abbreviations: CRS, cage rearing system; LRS, litter rearing system; PSRS, plastic slate rearing system.
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Our results also revealed significant reduction in FI of
PSRS birds compared with LRS ones. Increased amount
of feed consumed by LRS birds may be because of the
pebbles and grit swallowed by birds, which improve
and accelerate the digestion process and subsequently
speeds up the digesta rate of passage through the gastro-
intestinal tract. Similar to the present study, Al-Bahouh
et al. (2012) and Şimşek et al. (2014) showed that caged
broilers showed higher growth performance. Contrarily,
Santos et al. (2012) and Lacin et al. (2013) found that
broiler chicks reared in LRS had better body weight
and lower FCR than those of caged birds. However,
Sogunle et al. (2008) and Wang et al. (2015) reported
insignificant differences in growth performance of
broilers reared in CRS and LRS. Limited studies have
been conducted to evaluate the effects of net and plastic
slate rearing systems on broiler growth performance.
Çavuşo�glu et al. (2018) and Chuppava et al. (2018)
demonstrated that broiler chicks reared on slatted floor
observed higher BW than those reared on litter. Howev-
er, Almeida et al. (2018) observed no differences in
weights of broiler chickens from the same gender reared
on litter or plastic floors. These discrepancies in research
results may be because of the differences in experimental
conditions such as ambient temperature, season, and
broiler strain and sex. In a comprehensive comparison
of LRS and PSRS over 4 flocks for 8 mo, Li et al.
(2017) reported that BW were numerically improved
in PSRS birds in spring and winter, whereas it was
higher in birds of LRS in fall and summer. Şimşek
et al. (2014) also noticed higher BW of litter reared
broilers in autumn, whereas no difference between litter
and caged birds was recorded in summer and winter at
28 D of age. Moreover, Al-Bahouh et al. (2012) observed
significant elevation in BW of caged Cobb 500 birds,
whereas Indian River broilers reared on litter had higher
BW than those in cages; however, BW of Ross birds were
not affected by these rearing systems. Male broilers also
recorded higher BW than female ones either when reared
on wood shavings or plastic floors (Almeida et al., 2018).

The results obtained regarding carcass traits were
partially in line with those obtained by Şimşek et al.
(2014), who observed significant increase in breast
weight of caged birds than floored birds, while carcass,
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Figure 2. Effect of different rearing systems on serum oxidative stress biomarkers of broiler chickens. Data are presented as mean values with their
standard errors. Values with different superscript letters are statistically different (P , 0.05). Abbreviations: CRS, cage rearing system; LRS, litter
rearing system; PSRS, plastic slate rearing system.
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thigh, wings, liver and spleen were not affected. The
same results were reported by Bahreiny et al. (2013)
who reported that breast weight was greater in male
chickens reared in CRS. Contrarily, Sogunle et al.
(2008) and Santos et al. (2012) documented that breast
(%) were increased in floor birds than in caged birds.
However, Wang et al. (2015) showed no significant alter-
ations in carcass yield and breast relative weight,
whereas thigh weight (%) was higher in birds reared in
CRS than those reared in LRS and net rearing system.
Other researches did not find any significant effects of
different rearing systems on all examined carcass traits
(Al-Bahouh et al., 2012; Almeida et al., 2018).

Blood biochemical and hematological parameters,
leukocytes differentiation, and phagocytic activity are
important tools for assessing long-term stress in poultry
and their immune response to stressors (Abd El-Hack
et al., 2019b; Saeed et al., 2019). Altan et al. (2000) re-
ported that high temperature accentuates H/L ratio in
broilers. Heat stress in poultry exerts several physiolog-
ical manifestations including alternations in circulating
leukocytes counts, and particularly, pronounced hetero-
philia and lymphocytopenia, which were considered as
trustworthy stress indicators (Bin-Jumah et al., 2020).
Our results revealed significant increase in counts of
L, eosinophils, basophils, and monocytes and phago-
cytic index and activity and decrease in the H/L ratio
in CRS and PSRS birds compared with those of LRS.
These results suggest that rearing birds in cages and
plastic slate improved their peripheral immunity. The
present results agreed with those obtained by Farghly
et al. (2018d) who stated that plastic and wooden slates
reduced values of the H/L ratio and increased L count
in turkey. Matur et al. (2015) noticed significant reduc-
tion in heterophils percentage and H/L ratio and in-
crease in antibody production in layers reared in
furnished cages compared with those reared in conven-
tional cages. All blood biochemical parameters and
antibody titers against NDV, H9N1, and H5N2 were
not affected except LDH and uric acid that were
elevated in the LRS group. These results are in accor-
dance with the results of Sogunle et al. (2008) who
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noticed no alterations in blood biochemistry between
caged and litter reared birds. The authors attributed
this lack of significance to the good health conditions
of birds during the period of the study.
Lower cholesterol content in serum, the liver andbreast,

and thighmuscles was recorded in caged birds followed by
PSRS birds compared with LRS ones. To our knowledge,
limited investigations studied the effect of flooring types
oncholesterol and fat contentofbroilermuscles.Neverthe-
less, despite the lack of literature, it is obviously that
different flooring systems greatly affect meat quality and
fat and cholesterol contents.Where,Evans et al. (1976) re-
ported that cage-reared broiler chickens showed low fat
content of meat than those of floor-reared chicks. More-
over, Manohar et al. (2005) demonstrated that the litter-
reared birds had higher level of cholesterol in thigh and
breast meat than the cage-reared broilers irrespective of
the stocking densities and age. This low-cholesterol con-
tent meets the market’s need as this feature recently
favored by health-conscious consumers.
Antioxidant status of birds was influenced by the type

of floor; low lipid peroxidation was observed in LRS and
PSRS birds, whereas serum SOD activity was elevated in
CRS and LRS birds; however, GPx was not affected. Our
results are in agreement with the findings of Zhao et al.
(2009)who noticed significant reduction inMDAcontent
in birds on plastic slats than those of wire netting birds;
however, the activity of GPx in serum was not signifi-
cantly differed. The same observations were reported
by Şimşek et al. (2014) who recorded significant elevation
in MDA content and catalase activity in the serum of
CRS birds compared with that of LRS chicks in the sum-
mer season. The increase in MDA content in cage-reared
birds might indicate the high susceptibility of these birds
to heat stress and less ability to treat such circumstances
that subsequently raise corticosterone synthesis (Şimşek
et al., 2014). Zhao et al. (2009) speculated a positive cor-
relation between the elevation of MDA content and the
incidence of breast blisters that greatly impair the birds’
welfare and reduce carcass grade.
Under the conditions of the present study, birds

reared in CRS had better growth performance, carcass
yield, and breast weight and breast meat yield followed
by birds of LRS, while those of PSRS recorded the lowest
values. Cage rearing system and PSRS were more effec-
tive in alleviating the adverse effect of heat stress than
LRS as the H/L ratio was decreased and phagocytic in-
dex and activity were improved in birds of these rearing
systems. Antioxidant defense system was also affected
by studied flooring systems. Birds reared in CRS and
PSRS recorded the lower content of cholesterol in breast
and thigh muscles. Therefore, PSRS is suggested if
needed to produce more healthy meat, but CRS is rec-
ommended for higher production efficiency.
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