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ABSTRACT

This study aimed to determine the effects of energy levels and sources on growth
performance, antibody titers, and the gene expression of pro-inflammatory cytokines in
broilers exposed to heat stress. A total of 450 one-day-old Ross chickens were assigned to
six dietary treatments and five replicates in a completely randomized design. Chickens
received diets differentiated by the main energy source (corn grain and soybean oil) and
energy level (equal, 3% or 6% lower or higher than Ross 308 recommendation).
Treatments were as follows: corn grain and equal as Control (CON), 3% lower corn grain
(T1), 6% lower corn grain (T2), corn grain and soybean oil, equal (T3), 3% higher corn
grain and soybean oil (T4), 6% higher corn grain and soybean oil (T5). The room
temperature was increased to 34°C (6-h daily) from day 12 to 42 of age to induce heat
stress. The highest corticosterone level was observed in T1, T2, and T5 groups. The lowest
antibody titers were observed in T2 group and the highest expression levels of pro-
inflammatory cytokines genes were in chickens receiving TS5 diet. The highest Feed
Conversion Ratio (FCR) during the grower and finisher periods was observed in T2, and
the lowest in T3 and T4. It was recommended to feed Ross broiler with a diet containing
oil instead of a part of grain based on energy recommended by the strain

recommendation.
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INTRODUCTION

The major broiler farms exist in
subtropical and tropical regions of the world
(Kpomasse et al., 2021). In these regions,
farmers have to use various strategies to
control the temperature of their houses, to
reduce the negative effects of heat stress on
the health and performance of broilers
(Costantino et al, 2018). After exposing
broilers to high ambient temperatures, some
toxic mechanisms may be induced in the

body, including the generation of reactive
oxygen species, which finally results in
oxidative stress. Oxidative stress could
affect the metabolic pathways liver and
small intestine health, which reduce the
nutrient digestion and absorption, and the
merit of substrates for metabolism
(Mancinelli et al, 2023). Various
management techniques, such as cooling
systems, have been used to reduce the
negative effects of heat stress on broiler
chickens (Fisinin and Kavtarashvili, 2015).
The cost of cooling broiler houses is high in
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many regions; hence, some researchers
focused on nutritional management (Daghir,
2009). The manipulation of dietary energy
level and source has been considered as a
useful method in broiler farms to overcome
the negative effects of heat stress (Daghir,
2009; Raghebian et al., 2016). Seifi et al.
(2018) reported that feeding a high-fat diet
could improve the heat tolerance in broiler
chickens, and dietary inclusion of palm oil
improved the growth performance and
survivability of heat stressed broiler
chickens (Zulkifli et al., 2007).

Moreover, Kim et al. (2019) reported that
fat supplementation had preventative effects
on weight loss for hens raised under heat
stress. In contrast, Rafiei-Tari et al. (2021)
reported that feeding oils containing n-6
fatty acids had detrimental effects on the
health of broilers exposed to heat stress. On
the other hand, when chickens were fed with
low energy diets, deviations from
physiological homeostasis occurred, leading
to impaired bird welfare (Cheng and
Jefferson, 2008) and significant reductions
in production capabilities (Jariyahatthakij et
al, 2018). In an interesting study,
Raghebian et al. (2016) reported that high
energy in a broiler diet could enhance heat
resistance and improve performance
parameters.

Today, the effect of nutrition on gene
expression is very important (Goel et al.,
2021). The effect of energy level and source
on the expression of genes related to heat
resistance has been investigated (Raghebian
et al., 2016), but its effect on gene
expression of interleukins, as related to the
immune response, was not evaluated. The
Interleukin-2 (IL-2) and Interleukin-6 (IL-6)
are pro-inflammatory cytokines that play an
important role in the inflammatory response
in the body of broiler chickens under heat
stress (Goel et al., 2021) and prolong
inflammation  responses cause tissue
damage, especially in the liver and immune
system tissues (Helwig and Leon, 2011;
Goel et al., 2021). Finding the relationship
between the level and energy source of the
diet with the relative expression of genes of
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these two cytokines helps to understand
better the cause of the effects observed in
the body of broiler chickens.

In the literature, the effects of energy
source and level on the antibody titers and
relative expression of pro-inflammatory
cytokine genes (IL-2 and IL-6) in chickens
under heat stress have not been completely
evaluated (Ndlebe et al., 2023). Taleb et al.
(2017)  reported that antibody titers
decreased in broiler chickens (Cobb 500
strain) raised under hot environmental
conditions receiving soybean oil. In contrast,
Sadeghi et al. (2013) reported that including
soybean oil could enhance the immune
response in broiler chickens (Ross 308). It is
unclear what effects the soybean oil
inclusion and the dietary energy
concentration have on the expression of
genes related to the immune system and the
antibody titer.

It was hypothesized that in the heat stress
condition, including soybean oil and
formulation of high-energy diet could
enhance health, immune responses, and
performance compared to a diet containing
the main energy source from a carbohydrate
or low-energy diet. In the present study, low
and high levels of dietary energy were
considered factors that cause metabolic
stress in the body to mimic the conditions
chickens face in different breeding centers.

Therefore, the present study aimed to
assess the effects of energy source and level
on the growth performance, liver health,
immune responses, and the relative
expression of IL-2 and IL-6 genes in broiler
chickens exposed to heat stress.

MATERIALS AND METHODS
Chickens Management

A total of 465 one-day-old male Ross 308
broiler chickens (average weight of 40 g)
were purchased from a local hatchery and
allocated randomly to thirty one floor pens
(200%180 cm) covered with wood shaving.
Chicks were randomly assigned to 6 dietary
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treatments with 5 replicates and 15 chicks
per each. Except ambient temperature,
chicks were raised under controlled
conditions, lighting program, and feed
recommendations based on Ross 308 broiler
guides. Chickens (n= 450) were exposed to
heat stress from day 12 to 42 of age, with the
relative humidity of 65%. During heat stress,
temperatures were raised daily to 34+1°C
for 6 hours from 08:00 to 14:00 and then
decreased to 24+1°C. Fifteen chicks were
kept in a room at normal temperature to
assess whether experimental chicks were
exposed to heat stress. These chickens
received corn grain and energy density
based on Ross 308 recommendation (3100
and 3200 kcal/kg during grower and finisher
periods, respectively). Blood samples were
taken from these chickens to measure
corticosterone levels as a biological marker
of heat stress. All chickens had access ad
libitum to feed and fresh water, especially

throughout the heat challenge period.
Chickens were vaccinated with the
Newcastle Disease (ND) vaccine and

Infectious Bursal Disease (IBD) vaccine. In
the experiment's initial and end, the amount
of feed intake and body weight were
measured, and the Feed Conversion Ratio
(FCR) was calculated. Dead chicken was
weighed and the weight was included in the
calculations of FCR.

Experimental Design

Dietary treatments were included in the
Control group (CON), chickens receiving
the main energy source from corn grain and
energy density based on Ross 308
recommendation. Treatments included the
followings:

T1: Chickens receiving the main energy
source from corn grain and 3% lower energy
density than Ross 308 recommendation;

T2: Chickens receiving the main energy
source from corn grain and 6% lower energy
density than Ross 308 recommendation;

T3: Chickens receiving the main energy
source from corn grain and soybean oil and
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energy density based on Ross 308
recommendation;

T4: Chickens receiving the main energy
from corn grain and soybean oil and 3%
higher energy density than Ross 308
recommendation,

T5: Chickens receiving the main energy
from corn grain and soybean oil and 6%
higher energy density than Ross 308
recommendation.

Metabolizable energy levels of diets were
balanced using starch or washed sand.
Chickens were raised at three feeding
periods: starter (days 1 to 10), growers (days

11 to 24), and finishers (days 25-42) periods.

Sample Collection and Measurements

On days 24 and 42 of age, blood samples
(6 mL) were collected using sterile Venoject
directly from the heart of two chickens in
each replicate. The serum of the blood
sample was separated using a centrifuge
(1,500xg, 15 minutes) and stored at -20 °C
until further analysis. Two days after
sampling, antibody titers against viruses of
ND and IBD were determined in all serum
samples. Biochemical measurements were
done on samples taken on day 42 of age.

On day 24, immediately after blood
sampling, chicks were sacrificed by cervical
dislocation, then the spleen and liver were
removed and sampled. Five spleen samples
from each treatment were collected to
analyze the relative expression of the /L-2
and [L-6 genes. Spleen tissues were
transferred in a cry-protectant tube, snap-
frozen in liquid nitrogen, and stored at -70°C
until RT-PCR analysis.

Blood Sample Analysis

Serum corticosterone level was measured
enzymatically using an enzyme-linked
immunosorbent assay kit (Enzo Life Sciences,
NY, USA). Serum concentrations of glucose,
total protein, albumin, creatinine, and uric acid
were measured using the photometric method
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by auto-analyzer (BS-120 model, Minbray
Co., USA) and commercial kits (Pars Azmon
Co., Tehran, Iran).

Serology

The titers of antibodies against Newcastle
disease  virus were measured by
hemagglutination-inhibition test (Allan and
Gough, 1974) and against Infectious Bursal
Disease virus by ELISA kit, IDEXX
FlockChek standard (IDEXX Corporation,
Westbrook, ME, USA). The value of
antibody titers was transformed to log2(x)
before statistical analysis.

Analysis of the Gene Expression of IL-2
and IL-6

The relative abundances of [L-2 and IL-6
mRNA were determined by the RT-PCR
technique described by Paraskeuas and
Mountzouris (2019) and Long e al. (2019).
The frozen spleen sample was crushed in a
sterile mortar, and the powder was applied for
total RNA extraction using a suitable kit
(Bioneer Co., Seoul, South Korea). Then, each
gene's cDNA was synthesized using a suitable
kit using the reverse transcription technique
(Bioneer Co., Seoul, South Korea).
Quantitative PCR was performed with specific
primer pairs for [L-2 (Paraskeuas and
Mountzouris, 2019) and /L-6 (Long et al,
2011) using Quanti Fast SYBER Green PCR
kit (QIAGEN, Cat. No. 204052). GAPDH was
chosen as a housekeeping gene. The relative
gene expression of /L-2 and IL-6 as target
genes was normalized to the GAPDH gene
using the method previously described by
Livak and Schmittgen (2001). Quantification
for each treatment group was performed in
triplicates.

Statistical Analysis

Statistical analyses were done using the
General Linear Model procedure of the SAS
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for Windows version 9.1 (SAS Institute Inc.,
Cary, NC) appropriate for a completely
randomized design. To evaluate the normal
distribution of data, the Kolmogorov-
Smirnov test was done. Duncan multiple
range tests were used to compare the means.

Effects between the control and
experimental groups were considered
significant when P< 0.05.

RESULTS

Effect on Serum Corticosterone Level
and Biochemical Measurements

Table 1 shows the serum corticosterone
levels and biochemical parameters of
broilers receiving different dietary energy
levels and  sources. The  highest
corticosterone level was observed in the T1,
T2, and T5 groups, and no difference was
observed among other treatments with the
control group. Broilers in the T5 group had
the highest serum glucose level, and those in
the T2 group had the lowest. Broilers
receiving the T4 diet had the highest
albumin, globulin, and total protein, and
broilers in the T2 group had the lowest
protein sections. The highest concentration
of creatinine and uric acid was observed in
the T2 group, while broilers of CON, T3,
and T4 had the lowest.

Effect on Antibody Titers and the
Relative Expression Levels of Interleukins

Table 2 shows the effect of dietary energy
level and source on antibody titers against
Newcastle disease virus and infectious bursa
disease virus determined on days 24 and 42
of age. There was no difference among
treatments for ND titer on day 24, but
differences were observed for ND titer on
day 42. At day 42 of age, the lowest ND titer
was observed in the T2 group and the
highest in the T3 and T4 groups. On day 24,
the IBD titer was the highest in the T3 and
T4 groups and the lowest in the T2 group.
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Table 1. Effect of dietary energy level and source on serum corticosterone level and biochemical parameters in broiler
chickens under heat stress.

Ttem” CON T1 T2 T3 T4 T5 SEM P value
Corticosterone (ng mL™) 20.61° 29.84° 30.37° 21.26° 22.54° 2733 1.03 0.01
Glucose (mg dL™) 200.09% 195.12%  189.45¢ 204.72% 21058  219.21°  3.50 0.01
Albumin (mg dL™) 1.13° 1.13° 1.02° 1.15% 1.23° 1.07°  0.027 0.02
Globulin (mg dL™") 1.35° 1.27° 1.17¢ 1.33° 1.51° .17 0.021 0.03
Total protein (mg dL™) 2.48° 2.40° 2.19° 2.49° 2,73 2.24°  0.039 0.01
Creatinine (mg dL™") 2.54° 2.73% 3.74° 2.53¢ 2.51° 3.01°  0.103 0.02
Uric acid (mg dL™) 4.20° 4.58° 4.94° 4.20° 4.24° 483" 0.023 0.01

*4 Means within a row with different superscripts are significantly different (P< 0.05).“ CON: Control, energy based
on Ross standard diet with main energy from corn; T1: Chickens receiving 3% lesser energy than Ross standard diet
with energy from corn; T2: Chickens received 6% lesser energy than Ross, T3: Chicken receiving Ross standard diet
with main energy from corn grain and soybean oil, T4: Chicken receiving 3% upper energy than Ross standard diet, and
T5: Chicken receiving 6% upper energy than Ross standard diet.

Table 2. Effect of dietary energy level and source on antibody titers against viruses of Newcastle Disease (ND) ar
Infectious Bursal Disease (IBD) on days 24 and 42.

Item® CON T1 T2 T3 T4 T5 SEM P value
Day 24 of age

ND (log 2) 4.67 435 4.00 3.65 3.34 4.00 0.45 0.369

IBD (log 2) 419.31% 414.25% 402.56° 434.97* 432.08° 416.98%® 9.20 0.016
Day 42 of age

ND (log 2) 5.35%¢ 5.09% 4.67° 7.00° 7.15° 6.65% 0.55 0.021

IBD (log 2) 3177.30° 3007.60°  3017.09°  3106.02*  3187.72¢ 3125.34° 50.6 0.050

¢ Means within a row with different superscripts are significantly different (P< 0.05). “ CON and T treatments as
defined in the main text and Table 1.

On day 42, the highest IBD titer was Effect on Performance Parameters
observed in the CON, T3, T4, and T5
groups, and the lowest titer was found in T1
and T2.

Figure 1 shows the relative expression
level of /L-2 and IL-6 genes in the spleen of
broiler chickens under heat stress receiving
different energy densities and sources.
Significant differences were observed
among treatments for the relative expression
of IL-2 and IL-6 genes. The highest relative
expression of the /L-2 gene was observed in
chickens receiving T5, then, in T4 diets, and
the lowest expression was observed in
chickens receiving CON, T1, T2, and T3
diets. Chickens receiving the T5 diet had the
highest relative gene expression of IL-6, and
the lowest expression was observed in
chickens receiving CON, T1, and T2 diets.

The performance parameters of broiler
chickens are presented in Table 3. There
were no differences among treatments for
performance parameters during the starter
period. These differences appeared at
grower and finisher periods. The daily gain
of broilers in the T3 and T4 was higher than
in T1 and T2. The lowest daily gain during
grower and finisher periods was observed in
T2 and the highest daily gain was observed
in broilers receiving T3 diet. Feed intake of
broilers during grower and finisher periods
was the highest in the T2, and there was no
difference in feed intake among other
treatments. The highest FCR during the
grower and finisher periods was observed in
T2, and the lowest FCR was observed in the
T3 and T4. Broilers in the TS group had the
same FCR as T3 and T4.
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Figure 1. The relative expression level of /L-2 (A) and /L-6 (B) genes in heat-stressed broilers receiving different
energy level and source. CON and T treatments as defined in the main text and Table 1.

Table 3. Effect of dietary energy level and source on performance parameters of broiler chickens under heat stress.

Ttem” CON Tl T2 T3 T4 T5 SEM P value

Starter phase

Gain (g d™) 17.21 17.42 17.15 17.02 17.00 1706 0209  0.70

Feed intake (g d) 24.10 2430 24.20 24.00 23.90 2390  0.161 029

FCR 1.40 1.41 1.41 1.41 1.40 1.40 0.023 098
Grower phase

Gain (g d") 51.05% 4822 46.41° 52.05° 53.12° 50.72% 0.681  0.01

Feed intake g d™) 87.95% 89.67% 90.45° 85.47° 85.32° 86.32% 1.301 0.01

FCR 1.72% 1.86% 1.95° 1.64% 1.60° 1.70% 0.044  0.01

Finisher

Gain (g/d) 80.41% 77.52% 73.67 87.37° 85.75% 83.87° 0985  0.01

Feed intake (g/d) 160.21° 163.63" 172.12° 161.71°  160.80° 160.3° 1.53 0.03

FCR 1.99% 2.11° 2.33° 1.85¢ 1.87% 191 0033 0.0l

€ Means within a row with different superscripts are significantly different (P< 0.05). “ CON and T treatments as

defined in the main text and Table 1.

DISCUSSION

In the present study, serum corticosterone
levels were high in broilers receiving the
control and experimental diets (heat stress
condition) compared to the level of
corticosterone in chickens kept in normal
temperature conditions (6.78 ng mL™).
Consistent with our results, previous studies
have reported that acute heat stress elevates
corticosterone levels in the serum of broiler
chickens (Quinteiro-Filho er al., 2010;
Soleimani et al., 2011). In contrast to our
findings, broilers' exposure to heat did not
show to influence serum corticosterone

levels (Mack et al., 2013; Xie et al., 2015).
Possible reasons for the discrepancies
among the results of various studies might
be differences in temperature and humidity
set, time of blood sampling, and chicken
genotypes. Increases in corticosterone levels
in broilers'’ serum are linked to the
Hypothalamic-Pituitary-Adrenal (HPA) axis.
The HPA axis controls the adaptability of
broilers in response to various stressors (He
etal., 2018).

In the present study, broilers receiving
diets with energy restriction (T1 and T2)
showed higher corticosterone levels than the
control group. In stressful conditions, a
change in the energy density of the diet
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causes additional metabolic stress in the
body of chicks and may increase the
generation of free radicals (Raghebian et al.,
2017; He et al, 2018). Based on reports
(Emami et al, 2021, Rafiei-Tari et al,
2021), chickens receiving a diet with
restricted energy experience higher protein
turnover, and those receiving a diet with
surplus energy experience higher metabolic
rate, which both processes increase the heat
production and expose body to intense heat
stress. Chicken receiving diets containing
soybean oil (T4 and T5) had no difference in
corticosterone concentration compared to
the control group. Also, chicken in T3 and
T4, which received soybean oil instead of a
part of starch from corn grain, showed lower
corticosterone levels than T1 and T2, which
may be related to lower heat increment. In a
previous study (Sadeghi et al., 2013), a shift
from starch to lipid during heat stress
decreased heat increment. Many researchers
recommend replacing soybean oil with
starch (Yaqoob, 2004; Cherian, 2015) to
reduce the heat increment and the negative
effects of heat stress on the animal body.
The serum glucose level of chickens in
heat stress was higher than those raised in
normal conditions (185 mg/mL), which
might be an adaptation for survivability and
tolerance. In agreement with our finding,
Bogin et al. (1996) reported that chickens
that survived under intense heat stress had
higher blood glucose levels than the non-
surviving chickens. The reductions in serum
albumin, globulin, and total protein levels in
the chicken receiving low dietary energy (T1
and T2) and high dietary energy (T5)
compared to the control group can be linked
to elevation of serum corticosterone levels.
Corticosterone can change metabolic
pathways, reduce protein synthesis (Sadeghi
et al., 2013), and increases the catabolism of
proteins to use as fuel in broilers receiving
low dietary energy (Kitaysky et al., 1999).
In broilers receiving high dietary energy
(T5), reduced total protein in the serum may
be linked to liver inflammation. The result
of a previous study (Ozbey et al., 2004) is
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consistent with the reductions observed in
our study after the heat challenge.

The marked increase in the serum uric acid
of broilers receiving low dietary energy (T2)
may be linked to an increase of protein
turnover and, in those receiving surplus
energy (T5), linked to liver inflammation
and oxidative stress. Previous studies
reported increases (Ozbey et al, 2004),
reductions (Bogin et al., 1996), and no
alteration (Xie et al, 2014) in the serum
levels of uric acid after heat stress and
energy  restriction or surplus. The
discrepancies in responses among various
studies may be related to the differences in
metabolic rates and physiological states and
also signify protein catabolism for energy
generation in  energy-restricted  birds
resulting from increased corticosterone
levels (Vandana et al., 2021).

Chicken receiving T1, T3, T4, and T5 had
the same performance parameters, but the
chickens in the T2 group had higher feed
intake and FCR than the control group. To
compensate for the energy dilution of the
diet, chickens receiving the T2 diet try to
feed more. As feed intake increased, the
activity of eating and the digestive tract
increased, resulting in increased heat
production (Herd and Arthur, 2009). In the
heat stress condition, heat dissipating from
the body decreases, and the animal body is
exposed to oxidative stress (Teeter and
Belay, 1996). Chickens exposed to oxidative
stress could not grow perfectly and showed a
lower feed conversion ratio than CON, T3
and T4 groups. Consistent with our finding,
Classen (2017) and Azizi et al. (2011)
reported that chickens increased feed intake
in response to dietary energy dilution.
However, Yuan et al. (2008) reported that
the weight gain of chickens was not altered
by dietary energy level, in contrast with our
results.

Antibody titers against ND and IBD were
the highest in the T3 and T4 diet formulated
with soybean oil, and the lowest in the T1
and T2 diet formulated with low energy
density, which is inconsistent with the
findings of Taleb et al. (2017). They
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reported that an increase in soybean oil level
in the Cobb strain diet resulted in lower
antibody titers against ND and IBD. In the
current study, an increase in the level of
soybean oil in the Ross broiler diet had no
negative effect on the antibody titers against
ND and IBD.

In broilers receiving low-energy diets, the
effect of metabolic stress caused by energy
level on the high corticosterone level and
low blood glucose level may play an
important role in reducing the immune
response and antibody production (Yang et
al., 2015; Aami Azghady et al., 2014). The
factors above cause disturbances in the
process of growth and maturation of T and B
cells in primary and secondary lymphoid
tissues, which ultimately causes numerous
immune abnormalities in broiler chickens
(Hirakawa et al., 2020).

Pro-inflammatory cytokines such as /L-2
and /L-6 have been found to play an active
role in the inflammatory response under
stressful conditions (Helwig and Leon,
2011). In the literature, limited information
exists concerning energy level's effect on the
gene expression of pro-inflammatory
cytokines. A striking finding in the present
study was the low expression of genes
involved in inflammation in broiler chickens'
diets with low energy density (T1 and T2).
This finding agrees with some studies
(Trayhurn and Wood, 2004; Higami et al.,
20006) that reported low energy diet resulted
in low inflammation and gene expression of
pro-inflammatory cytokines in laboratory
animals. In contrast, high-energy diets (T4
and T5) increased the relative gene
expression of [L-2 and IL-6. In T4 and T5
groups, high corticosterone levels may be
influenced by the expression of pro-
inflammatory cytokines as it could increase
the proliferation of Ilymphocytes and
macrophages (Hirakawa et al., 2020; Goel et
al., 2021). In energy-dense diets, soybean oil
is included, and higher expression of these
genes may be related to oil inclusion.
Previous studies (Mu et al., 2018) revealed
that dietary soybean oil significantly
increased the gene expression of pro-
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inflammatory  cytokines.  The  results
observed for fasting glucose level and /L-2
gene expression in the present study are
consistence with the finding of Kochumon et
al. (2020), who reported that the level of /L-
2 expression was associated positively with
fasting blood glucose.

CONCLUSIONS

The results of the present study indicate
that energy restriction and surplus negatively
affect the immune response and performance
of chickens raised under heat stress. Surplus
energy negatively affects the relative
expression levels of pro-inflammatory
cytokines genes (IL-2 and IL-6), and energy
restriction results in  higher protein
catabolism (higher uric acid and creatinine),
which reduces broiler performance and
immune responses. The inclusion of soybean
oil in the diet positively affected immune
response and performance. It was
recommended to feed Ross broiler chickens
under heat stress with a diet containing oil
instead of a part of grain based on the energy
recommended by the strain
recommendation.

REFERENCES

1. Aami Azghadi, M., Kermanshahi, H. and
Golian, A. 2014. The Effect of Dietary
Energy Andprotein Levels on Growth
Performance and Antibody Responses of
Offspring of Laying Japanese Quails. Iran.
J. Appl. Anim. Sci., 4(1): 185-190.

2. Allan WH, Gough RE. A Standard
Haemagglutination Inhibition Test for
Newcastle Disease. (1). A Comparison of
Macro and Micro Methods. Vet Rec. 1974
Aug 10; 95(6):120-3. doi:
10.1136/vr.95.6.120.

3. Auzizi, B., Sadeghi, G., Karimi, A. and
Abed, F. 2011. Effects of Dietary Energy
and Protein Dilution and Time of Feed
Replacement from Starter to Grower on



Energy Level on Broilers under Heat Stress

10.

11.

12.

13.

JAST

Broiler Chickens Performance. J. Central
Eur. Agric., 12(1): 44-52.

Bogin, E., Avidar, Y., Pech-
Waffenschmidt, V., Doron, Y., Israeli, B.
A. and Kevkhayev, E. 1996. The
Relationship Heat  Stress,
Survivability and Blood Composition of the
Domestic Chicken. Eur. J. Clin. Chem.
Clin. Biochem., 34(6): 463-469.

Cheng, H. W. and Jefferson, L. 2008.
Different Behavioral and Physiological
Responses in Two Genetic Lines of Laying

between

Hens after Transportation. Poult. Sci.,
87(5): 885-892.
Cherian, G. 2015. Nutrition and

Metabolism in Poultry: Role of Lipids in
Early Diet. J. Anim. Sci. Biotechnol., 6(1):
1-9.

Classen, H. L. 2017. Diet Energy and Feed
Intake in Chickens. Anim. Feed Sci.
Technol., 233: 13-21.

Costantino, A., Fabrizio, E., Ghiggini, A.
and Bariani, M. 2018. Climate Control in
Broiler Houses: A Thermal Model for the
Calculation of the Energy Use and Indoor
Environmental Conditions. Energy Build.,
169: 110-126.

Daghir, N. J. 2009. Nutritional Strategies to
Reduce Heat Stress in Broilers and Broiler
Breeders. Lohmann Inform., 44(1): 6-15.
Emami, N. K., Greene, E. S., Kogut, M. H.
and Dridi, S. 2021. Heat Stress and Feed
Restriction Distinctly Affect Performance,

Carcass and Meat Yield, Intestinal
Integrity, and Inflammatory (Chemo)
Cytokines in Broiler Chickens. Front.

Physiol., 12: 707757.

Fisinin, V. I. and Kavtarashvili, A. S. 2015.
Heat Stress in Poultry. II. Methods and
Techniques for Prevention and Alleviation.
Agri. Biol., 50(4): 431-443.

Goel, A., Ncho, C. M., and Choi, Y. H.
2021. Regulation of Gene Expression in
Chickens by Heat Stress. J. Anim. Sci.
Biotechnol., 12(1): 1-13.

He, S. P., Arowolo, M. A., Medrano, R. F.,
Li, S., Yu, Q. F,, Chen, J. Y. and He, J. H.
2018. Impact of Heat Stress and Nutritional

1379

14.

15.

16.

17.

18.

19.

20.

Interventions on  Poultry  Production.
World's Poult. Sci. J., 74(4): 647-664.
Helwig, B. G. and Leon, L. R. 2011. Tissue
and Circulating Expression of IL-1 Family
Members Following Heat Stroke. Physiol.
Genom., 43(19): 1096-1104.

Herd, R. M. and Arthur, P. F. 2009.
Physiological Basis for Residual Feed
Intake. J. Anim. Sci., 87(Suppl. 14): E64-
E71.

Higami, Y., Barger, J. L., Page, G. P,
Allison, D. B., Smith, S. R., Prolla, T. A.
Weindruch, R. 2006. Energy
Restriction Lowers the Expression of Genes
Linked to Inflammation, the Cytoskeleton,
the Extracellular Matrix, and Angiogenesis
in Mouse Adipose Tissue. J. Nutr., 136(2):
343-352.

Hirakawa, R., Nurjanah, S., Furukawa, K.,
Murai, A., Kikusato, M., Nochi, T. and
Toyomizu, M. 2020. Heat Stress Causes
Immune  Abnormalities Massive
Damage to Effect Proliferation
Differentiation of Lymphocytes in Broiler
Chickens. Front. Vet. Sci., T: 46.
Jariyahatthakij, P., Chomtee, B,
Poeikhampha, T., Loongyai, W. and
Bunchasak, C. 2018. Effects of Adding
Methionine

and

via
and

in Low-Protein Diet and
Subsequently Fed Low-Energy Diet on
Productive Performance, Blood Chemical
Profile, and Lipid Metabolism-Related
Gene Expression of Broiler Chickens.
Poult. Sci., 97(6): 2021-2033.

Kim, J. H., Lee, H. K., Yang, T. S., Kang,
H. K. and Kil, D. Y. 2019. Effect of
Different Sources and Inclusion Levels of
Dietary Fat on Productive Performance and
Egg Quality in Laying Hens Raised under
Hot Environmental Conditions. Asian-
Austral. J. Anim. Sci., 32(9):1407-1412.
Kitaysky, A. S., Piatt, J. F., Wingfield, J. C.
and Romano, M. 1999. The Adrenocortical
Stress-Response of Black-Legged
Kittiwake Chicks in Relation to Dietary
Restrictions. J. Comp. Physiol. B, 169: 303-
310.



Dayani et al.

21.

22.

23.

24.

25.

26.

27.

28.

Kochumon, S., Al Madhoun, A., Al-
Rashed, F., Thomas, R., Sindhu, S., Al-
Ozairi, E. and Ahmad, R. 2020. Elevated
Adipose Tissue Associated /L-2 Expression
in Obesity Correlates with Metabolic
Inflammation and Insulin Resistance. Sci.
Rep., 10(1): 16364.

Kpomasse, C. C., Oke, O. E.,
Houndonougbo, F. M. and Tona, K. 2021.
Broiler Production Challenges in the
Tropics: A Review. Vet. Med. Sci., 7(3):
831-842.

Livak K. J., Schmittgen T. D. Analysis of
Relative Gene Expression Data Using Real-
time Quantitative PCR and the 2(-Delta
Delta C(T)) Method. 2001 Dec; 25(4):402-
8. doi: 10.1006/meth.2001.1262.

Long, G. L., Hao, W. X, Bao, L. F., Li, J.
H., Zhang, Y. and Li, G. H. 2019. Effects of
Dietary Inclusion Levels of Palm Oil on
Growth Performance, Antioxidative Status
and Serum Cytokines of Broiler Chickens.
J. Anim. Physiol. Anim. Nutr., 103(4):
1116-1124.

Mack, L. A., Felver-Gant, J. N., Dennis, R.
L. and Cheng, H. W. 2013. Genetic
Variations Alter Production and Behavioral
Responses Following Heat Stress in 2
Strains of Laying Hens. Poult. Sci., 92(2):
285-294.

Mancinelli, A. C., Baldi, G., Soglia, F.,
Mattioli, S., Sirri, F., Petracci, M. and
Zampiga, M. 2023. Impact of Chronic Heat
Stress on Behavior, Oxidative Status and
Meat Quality Traits of Fast-Growing
Broiler Chickens. Front. Physiol., 14: 1-8.
Mu, H., Shen, H., Liu, J., Xie, F., Zhang,
W. and Mai, K. 2018. High Level of
Dietary Soybean Oil Depresses the Growth
and Anti-oxidative Capacity and Induces
Inflammatory Response in Large Yellow
Croaker Larimichthys crocea. Fish Shellfish
Immunol., 77. 465-473.

Ndlebe, L., Tyler, N. C. and Ciacciariello,
M. 2023. Effect of Varying Levels of
Dietary Energy and Protein on Broiler
Performance: A Review. World's Poult. Sci.
J., 79(3): 449-465.

1380

29.

30.

31

32.

33.

34.

35.

36.

Nikravesh-Masouleh, T., Seidavi, A. R.,
Kawka, M. and Dadashbeiki, M. 2018. The
Effect of Dietary Energy and Protein Levels
on Body Weight, Size, and Microflora of
Ostrich Chicks. Trop. Anim. Health Prod.,
50(3): 635-641.

Ozbey, O., Yildiz, N., Aysondii, M. H. and
Ozmen, O. 2004. The Effects of High
Temperature on Blood Serum Parameters
and the Egg Productivity Characteristics of
Japanese  Quails  (Coturnix  coturnix
Jjaponica). Inter. J. Poult. Sci., 3(7): 485-
489.

Paraskeuas, V. V. and Mountzouris, K. C.
2019. Modulation of Broiler Gut
Microbiota and Gene Expression of Toll-
Like Receptors and Tight Junction Proteins
by Diet Type and Inclusion of Phytogenics.
Poult. Sci., 98(5): 2220-2230.
Rafiei-Tari, A., Sadeghi, A. A.
Mousavi, S. N. 2021. Inclusion of
Vegetable Oils in Diets of Broiler Chicken
Raised in Hot Weather and Effects on
Antioxidant Capacity, Lipid Components in
the Blood and Immune Responses. Acta
Sci. Anim. Sci., 43: 1-6.

Raghebian, M., Sadeghi, A. A. and
Aminafshar, M. 2017. Impact of Dietary
Energy Density on the Liver Health of
Broilers Exposed to Heat Stress and Their
Performance during Finisher Period. J.
Livest. Sci., 8: 122-130.

and

Raghebian, M., Sadeghi, A. A. and
Aminafshar, M. 2016. Energy Sources and
Levels Influenced on  Performance

Parameters, Thyroid Hormones, and HSP70
Gene Expression of Broiler Chickens under
Heat Stress. Trop. Anim. Health Prod., 48:
1697-1702.

Sadeghi, A. A., Mirmohseni, M., Shawrang,
P. and Aminafshar, M. 2013. The Effect of
Soy Oil Addition to the Diet of Broiler
Chicks on the Immune Response. Turk. J.
Vet. Anim. Sci., 37(3): 264-270.

Seifi, K., Rezaei, M., Yansari, A. T., Riazi,
G. H., Zamiri, M. J. and Heidari, R. 2018.
Saturated Fatty Acids May Ameliorate
Environmental Heat Stress in Broiler Birds



Energy Level on Broilers under Heat Stress

37.

38.

39.

40.

41.

42.

JAST

by Sffecting Mitochondrial Energetics and
Related Genes. J. Therm. Biol., 78: 1-9.
Soleimani, A. F., Zulkifli, I., Omar, A. R.
and Raha, A. R. 2011. Physiological
Responses of 3 Chicken Breeds to Acute
Heat Stress. Poult. Sci., 90(7): 1435-1440.
Taleb, Z., Sadeghi, A.A., Shawrang, P.,
Chamani, M. and Aminafshar, M. 2017.
Effect of Energy Levels and Sources on the
Blood Sttributes and Immune Response in
Broiler Chickens Exposed to Heat Stress. J.
Livest. Sci., 8: 123-144.

Trayhurn, P. and Wood, I. S. 2004.
Adipokines:  Inflammation and  the
Pleiotropic Role of White Adipose Tissue.
Br. J. Nutr., 92(3): 347-355.

Teeter, R. G. and Belay, T. 1996. Broiler
Management during Acute Heat Stress.
Anim. Feed. Sci. Technol., 58(1-2): 127-
142.

Quinteiro-Filho, W. M., Ribeiro, A.,
Ferraz-de-Paula, V., Pinheiro, M. L., Sakai,
M., Sa, L. R. M. D. and Palermo-Neto, J.
2010. Heat Stress Impairs Performance
Parameters, Induces Intestinal Injury, and
Decreases Macrophage Activity in Broiler
Chickens. Poult. Sci., 89(9): 1905-1914.
Vandana, G. D., Sejian, V., Lees, A. M.,
Pragna, P., Silpa, M. V. and Maloney, S. K.
2021. Heat Stress and Poultry Production:
Impact and Amelioration. [Infer. J.
Biometeorol., 65: 163-179.

43.

44,

45.

46.

47.

48.

Xie, J., Tang, L., Lu, L., Zhang, L., Lin, X.,
Liu, H. C. and Luo, X. 2015. Effects of
Acute and Chronic Heat Stress on Plasma
Metabolites, Hormones and Oxidant Status
in Restrictedly Fed Broiler Breeders. Poult.
Sci., 94(7): 1635-1644.

Yang, J., Liu, L., Sheikhahmadi, A., Wang,
Y., Li, C., Jiao, H. and Song, Z. 2015.
Effects of Corticosterone and Dietary
Energy on Immune Function of Broiler
Chickens. PLoS One, 10(3): e0119750.
Yaqoob, P. 2004. Fatty Acids and the
Immune System: From Basic Science to
Clinical Applications. Proc. Nutr. Soc.,
63(1): 89-105.

Yuan, L., Lin, H., Jiang, K. J., Jiao, H. C.
and Song, Z. G. 2008. Corticosterone
Administration and High-Energy Feed
Results in Enhanced Fat Accumulation and
Insulin Resistance in Broiler Chickens. Br.
Poult. Sci., 49(4): 487-495.

Zulkifli, 1., Siegel, H. S., Mashaly, M. M.,
Dunnington, E. A. and Siegel, P. B. 1995.
Inhibition of Adrenal Steroidogenesis,
Neonatal Feed Restriction, and Pituitary-
Adrenal Axis Response to Subsequent
Fasting in  Chickens. Gen.
Endocrinol., 97(1): 49-56.
Zulkifli, 1., Htin, N. N., Alimon, A. R., Loh,
T. C. and Hair-Bejo, M. 2007. Dietary
Selection of Fat by Heat-Stressed Broiler

Chickens. Asian-Austral. J. Anim. Sci.,
20(2): 245-251.

Comp.

S O (omwd Ol 950L (BT 1158 5oty 0 o (S5 51 el g o
S5 S LoD (eSS dxg 137 9 (gl yil



Dayani et al.

e 03 0l 5 @b 3T 5 Ay 3 Sae S350 g 5 5 o Ll ol Sl L adllas

o s ank POl il gl S 15 (pme > (23 Sl 5> el S e
S o sz S 515 1SS 5 alail o i s ol SIS 2 b LB 3 03y,
L S Aoy P LY Al ) 3 gl s (s 55 5 D wl3) (6351 (ol min ol ks ylaca
ald bl 55 s Do wls o n) mp0 4 bl L3S by Ross 308) awss 3l YL
Pl b ey 5 o3 als  (T2) 28 doys & opd s « (T1) 28 dsys ¥ (3 wls ((CON)
Ls (T5). iy Lo)s & Lisw 89y 9 3 wls « (T4) miy doys ¥ Lsw 895 9 Syd wls (T3)
sl ol 8 256 3l 2l Gy 3 Coli #) L geades 4o )3 ¥F 0 355 003 FY LAY 50, 51 Jlu
2 63k (BT 5 a8 A edalin TS 5T2 « Tlisla 058 53 05,20 sS5s8 ek o 5L 350
TS oo oS 8Ly sla 4 53 el iy slo S sl 03 Ol elaw 3L 5 T2 05,8
33 FCR 28 5 T2 53 SLb 5 i) 0y93 dsb 55 (FCR) STy b oy ot - obalie
3 e sl a ey sl ghig e b ly 255 (gls a4l Al edalie T4 5 T3 0 8

.:}‘1644._..;}3qyjjblf):a&:%djﬁlwu|ﬁaw

1382



