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Abstract
This study was aimed to assess the impact of dietary energy density on liver health parameters, carcass
characteristics and performance of broilers exposed to heat stress. 600 Cobb male chicks were assigned to five
dietary treatments and four replicates. Chicks were fed diet based on corn as main energy source and energy
level based on Cobb standard (C), corn based diet with 3% lesser energy than control (T1), corn based diet with
6% lesser energy than control (T2), corn and soybean oil based diet according to Cobb standard (T3), corn and
soybean oil based diet with 3% upper energy than control (T4). Temperature was increased to 34 °C for 8-hour
daily from day 12 to 42 of age to induce heat stress. The highest level of ALP was for T3 and T4 and the lowest
one was for T2. The highest levels of AST and ALP were for T4 and the lowest level was for T2. The lowest
HSP70 gene expression was found in chicks fed T2 diet. The highest level of creatine kinase was for T4 at day
28 of age and for T3 and T4 at day 42 of age. The lowest level of creatine kinase was for T1 and T2 groups. The
highest weight gain during finisher period found in T3 group andthe highest feed intake was for T2 group. The
lowest feed conversion ratio was for T3 and T4 and the highest ones for C, T1 and T2 groups.Higher energy
density provided with soybean oil inclusion could induce liver damages. Lower energy density in diet of broiler
chickens under heat stress also resulted in liver damages and poor performance. It was concluded that soybean
oil inclusion in diet of broiler chickens under heat stress caused better performance, when energy density of diet
was satisfied based on strain recommendation.
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Introduction
High ambient temperature is one of the main stressors in broiler chickens, especially in tropical and
subtropical areas coupled with high humidity. Following exposure to high ambient temperature, some possible
toxic mechanisms maybe induced, of which the generation of high levels of reactive oxygen species. Hence,
heat stress is known to impose severe oxidative stress on broiler chickens. The long summer months with
humidity in tropical and subtropical regions adversely affect the survival rate (Geraert et al., 1996; Mashaly et
al., 2004) and productivity of broiler chicken (Imik et al., 2012; Ghazi at al., 2012). Liver tissue is damage
higher than other tissues due to heat stress(Lin et al., 2006), hence application of protective methods for liver
health is appreciated, as Liver plays an important and unique role in energy homeostasis in the animal
body.During the past two decades, various management techniques and dietary modifications have been
examined to enhance heat tolerance or reduce the negative effects of heat stress in broiler chickens. There are
evidences that a higher dietary fat content contributes to improved heat tolerance in broiler chickens (Daghir,
2008; Zulkifli et al., 2003) reported that providing diets containing high levels of palm oil enhanced growth
performance and survivability of heat stressed broiler chickens. Information regarding the effect of energy
density and source on liver health of broilers under heat stress are scarce. It was hypothesized that in the heat
stress condition, lipid addition with higher energy level to diet could enhance liver health, HSP70 gene
expression and performance compared to diet containing main energy source from carbohydrate. Therefore, this
study was carried out to evaluate the effect of energy sources and levels on liver health parameters, HSP70 gene
expression, performance, carcass parameters of broiler chickens under heat stress.

Materials and methods
Bird management and experimental design
This study was conducted in the poultry unit of AEOI located at Karaj (N, 50° 58′; E, 35° 49′) in
summer of 2016. A total of 600 one-day-old Cobb male chicks with average weight of 39 g was purchased from
a local hatchery. Chicks were randomly allocated to 20 floor pens covered with pine shaving.In a completely
randomized design, chicks were assigned to five dietary treatments, four replicates with 30 chicks per each.
Dietary treatments were: control group (C) which broilers fed diet with main energy from corn and energy level
based on Cobb standard; T1: broilers fed diet with main energy from corn and 3% lesser energy than Cobb
standard; T2: broilers fed diet with main energy from corn and 6% lesser energy than Cobb standard; T3:
broilers fed diet with main energy from corn and soy oil and energy level based on Cobb standard and T4:
broilers fed diet with main energy from corn and soy oil and 3% upper energy than Cobb standard. Diets were
formulated to fortify the requirements of broilers based on the recommendations of strain as presented in Table
1. Diet were fed in there phases as starter (days 1 to 10 of age), grower (days 11 to 28 of age), and finisher (days
29 to 42 of age). Chicks were kept under controlled house based on Cobb broiler guides, except temperature. To
induce heat stress, from day 12 to 42 of age, all the chickens were exposed to 34±1°C and 60-70% relative
humidity for 8 hours per day from 08:00 to 16:00 and then declined to temperature controlled conditions based
on Cobb 500 broiler guides. Feed and water were provided for ad libitum intake and throughout the heat
challenge period. Filler (washed sand) was used to balance for dietary density of metabolizable energy. Weight
of chicks was measured at days 28 and 42 of age. Average feed intake was measured the amount of feed eaten
during days 28 to 42 of age. Feed conversion ratio for finisher period was calculated by dividing feed intake on
weight gain. Dead chickens were collected and weighed for the correction of feed conversion ratio calculations.
Sample collection and analyses
On days 28 and 42 of age, the blood samples of four chicks per treatment were randomly collected
from brachial vein in the vacuum tubes containing Heparin-gel. Plasma was separate using centrifuge (2000×g
for 10 min) and stored at -20 °C for further analysis.
The concentration of plasma ALT was determined by using Alanine Aminotransferase Activity Assay
Kit (Catalog Number MAK052. Sigma-Aldrich Co.). Plasma AST level was measured by using Aspartate
Aminotransferase Activity Assay Kit (Catalog Number MAK055. Sigma-Aldrich Co.). Plasma ALT
concentration was determined by using Alkaline Phosphatase Activity Colorimetric Assay Kit(Catalog# K412500. BioVision, Inc).The activity of creatine kinase (CK) was assessed by using a commercial kit (Biotrol CK
monoreactif, Alpha Laboratories, Hants, UK SO5 4NU).
On days 28 and 42 of age, immediately after blood sampling, four chicks per each treatment were
sacrificed by cervical dislocation, then Breast, legs and abdominal fat were removed and weighed.
Results of carcass efficiency were expressed as percent per the live weight.
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Table 1: Composition of the experimental diets for broiler chicks
Starter
Grower
Finisher
C
T1
T2
T3
T4
C
T1
T2
T3
T4
C
T1
T2
T3
T4
63.35 63.25 62.13 58.17 54.17 69.22 68.80 67.70 65.31 59.31 70.18 71.47 71.50 65.10 62.40
Soybean meal
22.57 28.86 31.48 31.90 32.21 18.00 23.43 26.20 24.00 28.45 19.30 20.00 24.20 25.80 25.00
Soybean oil
----- ----- ----- 2.50 4.14 ----- ----- ----- 2.00 5.00 ----- ----- ----- 3.50 5.00
Corn gluten meal
9.10 3.00 ----- 2.70 4.70 8.20 3.24 ----- 4.20 2.90 6.23 4.20 ----- 1.50 3.50
Di calcium phosphate 2.07 2.06 2.06 2.05 2.05 1.90 1.90 1.90 1.90 1.90 1.70 1.70 1.70 1.70 1.70
Calcium carbonate1
1.06 1.03 1.01 1.01 1.01 1.05 1.05 1.05 1.05 1.05 0.92 0.92 0.92 0.90 0.90
NaCl
0.38 0.38 0.38 0.38 0.38 0.37 0.37 0.37 0.37 0.37 0.32 0.32 0.32 0.32 0.32
DL-Methionine
0.34 0.41 0.45 0.40 0.39 0.22 0.27 0.30 0.25 0.25 0.18 0.22 0.27 0.22 0.20
L-Lys HCL
0.53 0.40 0.35 0.31 0.36 0.44 0.34 0.28 0.32 0.22 0.36 0.36 0.27 0.21 0.22
L-Threonine
0.10 0.11 0.13 0.08 0.09 0.10 0.10 0.12 0.10 0.05 0.09 0.09 0.10 0.06 0.04
Vitamin & Mineral
0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Permix2
Choline chloride
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0.22 0.22 0.22 0.22 0.22
Filler3
----- ----- 1.51 ----- ----- ----- ----- 1.58 ----- ----- ----- ----- ----- ----- ----Total
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Analyzed Nutrient
content
ME (kcal/kg)
3035 2934 2853 3035 3120 3108 3014 2921 3108 3201 3185 3085 2990 3185 3275
Digestible Methionine
0.67 0.67 0.67 0.67 0.67 0.53 0.53 0.53 0.53 0.53 0.48 0.48 0.48 0.48 0.48
(%)
Digestible Lysine (%) 1.18 1.18 1.18 1.18 1.18 1.05 1.05 1.05 1.05 1.05 0.95 0.95 0.95 0.95 0.95
Digestible Threonine
0.77 0.77 0.77 0.77 0.77 0.78 0.78 0.78 0.78 0.78 0.65 0.65 0.65 0.65 0.65
(%)
Calcium (%)
0.90 0.90 0.90 0.90 0.90 0.84 0.84 0.84 0.84 0.84 0.76 0.76 0.76 0.76 0.76
Available phosphorus
0.45 0.45 0.45 0.45 0.45 0.42 0.42 0.42 0.42 0.42 0.38 0.38 0.38 0.38 0.38
(%)
Na (%)
0.17 0.17 0.17 0.17 0.17 0.19 0.19 0.19 0.19 0.19 0.16 0.16 0.16 0.16 0.16
1. per kg contains: Ca, 23% & P, 18.5%. 2. Supplied by Razak Co., Tehran, Iran, and provided per kilogram of diet: vitamin A, 360000 IU;
vitamin D3, 800000 IU; vitamin E, 7200 IU; vitamin K3, 800 mg; vitamin B1, 720 mg; vitamin B9, 400 mg; vitamin H2, 40 mg; vitamin
B2, 2640 mg, vitamin B3, 4000 mg; vitamin B5, 12000 mg; vitamin B6, 1200 mg; vitamin B12, 6 mg; Choline chloride, 200000 mg,
Manganese, 40000 mg, Iron, 20000 mg; Zinc, 40000 mg, copper, 4000mg; Iodine, 400 mg. 3. Inert filler used to complete diet formulations
to 100%.
Ingredients (%)
Corn

Table 2: Effect of dietary energy density on creatine kinase and weights of breast, legs and abdominal fat on
days 28 and 42 of age (Mean ± standard error)
Item
C
T1
T2
T3
T4
P value
Day 28
169±7.76c
186±6.55c
291±14.79b
346±14.57a
0.0001
Creatine kinase (U/l) 259±7.93b
a
a
a
a
12.96±1.120
16.98±1.195
15.39±2.495
17.92±3.030
16.77±1.085a
0.5000
Breast (%)
21.75±0.620b 24.03±0.175ab 24.46±0.800a
23.07±0.735ab 24.26±0.735a
0.0133
Legs (%)
2.06±0.141a
1.68±0.273a
2.60±0.467a
2.23±0.226a
1.92±0.207a
0.2836
Abdominal fat (%)
Day 42
211±9.29b
209±7.57b
319±16.92a
326±11.34a
0.0001
Creatine kinase (U/l) 238±8.73b
c
bc
ab
ab
14.77±1.135
17.08±0.845
19.91±0.350
20.16±0.705
21.21±1.41a
0.0238
Breast (%)
23.54±1.460b 24.43±0.570ab 28.09±0.345a
26.83±0.130ab 26.38±2.125ab 0.0181
Legs (%)
1.99±0.291a
1.88±0.154a
2.09±0.205a
2.16±0.075a
1.89±0.288a
0.8668
Abdominal fat (%)
a ,b Means within a row with different superscripts are significantly different (P<0.05).
Table 3: Effect of dietary energy density on the plasmalevels of liver enzymes (Mean ± standard error)
Item
C
T1
T2
T3
T4
P value
Day 28
AST (mg/dl) 213±13.5 231±75.5
200±15.5
207±26.5
226±56.0
0.9842
ALT (mg/dl) 4.0±0.0
5.0±2.0
2.5±0.5
1.5±0.5
2.5±1.5
0.3478
ALP (IU/l)
34.1±2.1b 31.1±1.8bc 27.7±1.0c
44.1±2.4a
46.9±1.7a 0.0001
Day 42
AST (mg/dl) 234±2.5b 212±4.5b
144±25.0c 256±11.5ab 301±23.0a 0.0077
ALT (mg/dl) 4.5±2.5
5.5±3.5
3.0±0.0
3.0±1.0
3.5±1.5
0.8856
ALP (IU/l)
38.5±1.4b 29.5±1.2c
24.3±1.1c
40.7±1.8b
63.9±3.0a 0.0001
a ,b Means within a row with different superscripts are significantly different (P<0.05).
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At day 42 of age, 4 liver samples from each treatment were taken for gene expression of HSP70.
These tissues were snap-frozen in liquid nitrogen and stored at -80 °C until RT-PCR analysis described
by Aminoroaya et al. (2016). The frozen liver was crushed in a sterile mortar, and the powder was applied
for total RNA extraction using a suitable kit (Bioneer Co., Seoul, South Korea). cDNA for each
transporter gene was synthesized based on reverse transcription technique using kit (Bioneer Co., Seoul,
South Korea). Quantitative PCR was performed with a specific primer pairs (145 bp; forward: 5'CGTCAGTGCTGTGGACAAGAGTA-3'; reverse: 5'-CCTATCTCTGTTGGCTTCATCCT-3') using
Quanti Fast SYBER Green PCR kit (QIAGEN, Cat. No.204052). GAPDH (128 bp; forward: 5'CTTTGGCATTGTGGAGGGTC-3'; reverse: 5'-ACGCTGGGATGATGTTCTGG-3') was chosen as a
reference gene. Amplification of liver HSP70 gene was performed for 45 cycles, which consisted of an
initial activations step (95°C, 5 min), denaturation cycle (95°C, 10s) and combined annealing and
extension (60°C, 30s). The relative expression ratio of HSP70 as a target gene was normalized to GAPDH
gene using method as previously described by Livak and Schmittgen (2001). Quantification for each
treatment group was performed in four replicates.
Liver samples (four samples from each treatment) were also collected for histology and fixed in
10% formalin solution. The liver sections were fixed and stabilized in paraffin and slices (six slices per
section that stabilized on a microscope slide) with 6 µm thickness were prepared using microtome.
Hematoxylin and eosin stain was used for staining of slices and then mounted by entellan. Slides were
assessed under optic microscope by histologist. The changes in liver tissue and pathology observed were
classified as not detected (ND), mild (+), moderate (++) and severe (+++).
Statistical analysis
Statistical analyses were carried out using the General Linear Model procedure of the Statistical
Analysis System software (SAS) for Windows version 9.1 (SAS Institute Inc., Cary, NC) appropriate for
completely randomized design. To evaluate the normal distribution of data, Kolmogorov-Smirnov test
was done. Duncanmultiple range tests was used to compare the means. Effects between the control and
experimental groups were considered significant when P<0.05 and finally results were presented as
means with standard error (Mean±SE).

Results
The effects of treatments on the plasma creatine kinase concentration and relative weights of
thighs, breast and abdominal fat at days 28 and 42 of age are presented in Table 2. The highest level of
creatine kinase was for T4 at day 28 of age and for T3 and T4 at day 42 of age. The lowest level of
creatine kinase was for T1 and T2 groups. The relative weight of breast was not significant at day 28 of
age, but differences appeared at day 42 of age. The highest relative weight of breast was for T4 and the
lowest one was for T2. Significant difference exists between T2 and other treatments for relative weight
of legs. The lowest relative weight of legs was for T2 and no significant difference found among the
control group and T1, T3 and T4. There was no difference among treatments for relative weight of
abdominal fat.
The effects of treatments on the plasma levels of AST, ALT and ALP are presented in Table 3.
There was no difference among treatments for AST and ALT at day 28 of age, but differences exist for
ALP. The highest level of ALP was for T3 and T4 and the lowest one was for T2.There were significant
differences for AST and ALP at days 42 of age, but no significant difference was found for ALT level.
The highest levels of AST and ALP were for T4 and the lowest level was for T2.
As shown in in Table 4, the chickens fed T1 and T2 diets revealed microvesicular steatosis,
macrovesicular steatosis, venous congestion and sinusoid dilation at day 28 of age, as well as, focal
necrosis and perivascular cell at day 42 of age. Intense microvesicular steatosis was detected in broilers
fed T4 at days 28 and 42 of age. Chickens in T3 had the lowest pathological signs in the liver compared
with other treatments. Images of dietary treatments effect on hepatic histopathology of broiler chickens
are shown in Figure 1.
Effect of energy density on HSP70 gene expression in broiler chickens at day 42 of age is
presented in Figure 2. There was a significant difference between T2 and other treatments for HSP70
gene expression. The lowest gene expression was found in chicks fed T2 diet.
The effect of energy density and source on body weight gain, feed intake and feed conversion
ratio during finisher period is presented in Table 5. There was significant difference among treatments for
weight gain during finisher period. The highest weight gain found in T3 and T4 groups. Significant
difference found among treatments for feed intake. The highest feed intake was for T2 group. There was
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difference among treatments for feed conversion ratio. The lowest feed conversion ratio was for T3 and
T4 and the highest ones for C, T1 and T2 groups.
Table 4. Hepatic histopathology of broiler chickens fed diets containing different energy density and
source.
Item*
Day 28
C
T1
T2
T3
T4
Day 42
C
T1
T2
T3
T4

A

B

C

D

E

F

G

H

I

J

K

+
+++
+++
+
+++

++
+++
+++
++
++

++
+
+
+
++

++
+
++
ND
+

++
++
+
+
+

++
+
ND
+
+

ND
+
+
+
++

ND
+++
+++
ND
ND

ND
+++
+++
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

++
++
+++
+
+++

++
+++
+++
+
++

+++
+++
+++
+
++

+
++
++
+
++

++
++
++
ND
+

+
++
++
+
+

++
++
++
++
++

+
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
+
+
ND
+

ND
++
++
+
++

* A: Microvesicular steatosis– Steatosis; B: venous congestion in liver; C: perivascular cell; D: Dilation of the portal vein; E: bile
duct proliferation; F: connective tissue in artery wall; G: inflammatory foci; H: Sinusoidal dilatation and congestion; I:
Macrovesicular steatosis; J: liver haemorrhage; K: focal necrosis

Table 5: Effects of dietary energy density on performance of broiler chickens in the finisher period
(Mean ± standard error)
Item
Weight gain (g)
Feed intake (g)
Feed conversion
ratio

C
997.6±
16.41c
1891.5±
22.73b
1.89±
0.011a

T1
984.6±
33.62c
1905.8±
12.88b
1.94±
0.060a

T2
1058.1±
66.90bc
2055.2±
37.49a
1.94±
0.052a

T3
1195.9±
22.27a
2036.0±
19.92ab
1.70±
0.008b

T4
1123.9±
18.91ab
1934.6±
17.74b
1.72±
0.005b

P value
0.0003
0.0005
0.0005

a ,b Means within a row with different superscripts are significantly different (P<0.05).

Figure 1: Effect of dietary treatments on the hepatic histopathology (left: control group and right T4 group)

Discussion
The nutrient density and availability of diet influence on the performance parameters and health
of broilers (Geyra et al., 2001). Liver health and function is influence by nutrient quantity and quality,
especially energy restriction or surplus. Any change in energy density cause a stressful condition in the
body of chicks and may be increase generation of free radicals. Replacement of soybean oil with starch
recommended by many researchers (Yaqoob, 2004; Cherian, 2015) to reduce the negative effects of heat
stress on animal body. Soybean meal contains poly unsaturated fatty acids that have beneficial impact on
the health and production. To decrease the heat increment, it was recommended to shift from starch to
lipid in heat stress condition (Sadeghi et al., 2013). The effect of change in energy density and source on
liver and muscle health and also performance of chickens is not clear. This work aimed to assess the
effect of energy density and source on liver health in broiler chickens under heat stress.
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T3

T4

Figure 2: Effect of dietary treatments on hepatic HSP70 gene expression on day 42 of age
In this study the plasma level of creatine kinase was higher in chickens received diet containing
soybean oil. Increasing plasma level of creatine kinase, reflecting muscle damage (Mitchell and
Sandercock, 1997). The changes in muscle membrane permeability, changes in muscle metabolism and
loss of membrane integrity may be occur due to stress (Sandercock et al., 2001). Kubíková et al. (2001)
found elevation of creatinine level in restricted broiler breeders. There is some evidence that creatinine
excretion in birds increases in response to reduced feed intake (Work et al., 1999). The finding of this
study is consistent with the study of Hada et al. (2013) who showed that feeding the low-lipid diet caused
higher levels of this metabolites compared with the control and the low-carbohydrate diets. In contrast to
our finding, Malheiros et al. (2004) who fed iso-energetic diets and found no differences in the levels of
creatine kinase between broilers fed low carbohydrate-high lipid or low-lipid-high carbohydrate levels.
In the normal status, AST, ALT and ALP are found mostly inside the liver cells, but if the liver
is inflamed or injured, liver cells corrupted and cytoplasm content especially these enzymes are released
into the blood stream. Hence, the levels of ALT, AST and ALP were considered as useful biomarkers for
detection of liver damages (Racicot et al., 1975). In this study, higher energy density and especially
replacement of starch with soybean oil cause liver and muscle damages. As seen in Table 3, the plasma
levels of AST and ALP increased in T3 and T4 groups. This impact of soybean oil may be related to n-6
fatty acids that induce inflammation processes. Inflammation could increase the tissue sensitivity to
damages and elevation of hepatic enzymes in the plasma (Zhang et al., 2005). Chickens in T1 and T2
received lower dietary energy density and had the lowest levels of AST and ALP. The level of ALT was
not influenced by dietary treatments that is in line with finding of Rajman et al. (2006) who observed no
difference in ALT levels in the blood of chickens due to feed restriction. These authors also found no
difference for the level of AST. In contrast, Jang et al. (2009) found a higher AST content in the plasma
of feed restricted broilers. It seems that lower energy density in heat stress condition decrease the
metabolic loads and generation of free radicals, hence the damage to liver cells decreased.
The liver of the chickens in T1, T2 and T4 groups showed severe macrovesicular and
microvesicular steatosis. Macrovesicular steatosis is a form of fatty degeneration in the liver and caused
by oversupply of energy especially from lipids or by the entrance of lipids to liver with low output.
Microvesicular steatosis is small fat vacuoles accumulated in the cytoplasm of liver cells, which caused
by fatty liver. This result was in line with finding of McLean and Dutton (1995), who reported that
steatosis or fatty degeneration caused by impair in lipid transport from the liver rather than an increase in
lipid biosynthesis.Venous congestion observed in the liver of chickens in T1 and T2 groups. When
hepatic arterial inflow is higher than venous outflow due to inflammation or obstruction, venous
congestion occurs in the liver. The cause of most pathologies in the liver of fast growing broiler chickens
is a prolonged state of hypoxia (Olkowski et al., 2005). Under this condition especially limiting energy
and heat stress, the liver of chickens may respond with regressive lesions such as fatty degeneration,
inflammation and venous congestion. Chickens in T1 and T2 had pale livers with inflammation in 9 out
of 16 (56%) lower energy density in diet, hence the load on the liver may be high. The hepatic sinusoidal
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dilatation and congestion is associated with venous outflow impairment or inflammation. In the present
study, hepatic lesions and pathological signs in the liver of chickens at day 28 of age were much more
than day 42 of age, that may be related to hypoxia.
Increases in mRNA stability and gene transcription rate are two mechanisms of dietary substrate
for gene expression regulation (Adibi, 2003). The impact of energy density on HSP70 gene expression is
poorly studied. In contrast to our finding, Heydari and Richardson (1995) found an increase in the level of
HSP70 gene expression in rats received food restriction. In chickens received T2 a decrease and in T4, an
increase in the HSP70 gene expression was seen. Enhancement in the expression of HSP70 protect cells
from damages as it help them to recover after and during stressors (Li et al., 1995). When organisms are
exposed to heat stress, the synthesis of many proteins retarded, but the synthesis of heat shock proteins
rapidly increased. In this condition, the heat shock proteins bind to important proteins for body that are
heat sensitive. Heat shock proteins protect these important sensitive proteins from degradation (Etches et
al., 2008). Chickens in T1 and T2 had a lowest HSP70 gene expression. In contrast, Lee et al. (2016)
reported that feed restriction increased HSP70 levels in the gill tissue of green sturgeon. These authors
concluded that green sturgeon may be more susceptible to temperature stress under food-limited
conditions. Also, Zulkifli et al. (2003) reported that feed restriction increased HSP70 expression in the
brain. We could not find study concerning impact of energy density on the HSP70 gene expression.
In the present study, performance of chicks fed diets containing soybean oil in the finisher period
was higher than other treatments. Soybean oil had an extra caloric effect than starch (Nitsan et al., 1997)
and this replacement reflected in higher body weight gain than other treatments. Lipids could increase the
energy efficiency via increases in density of energy, lower heat increment and consequently higher net
energy. Our results is in agreement with the finding of Nitsan et al. (1997) who demonstrated that feed
conversion ratio was improved with dietary supplementation of 3% soybean oil. Feeding ration with
lower energy exposed chicks to higher heat production and consequently thermo-sensitive. In addition, as
seen in Table 1, chicks in T1 and T2 consume higher feed to compensate the energy dilution of diet.
Higher feed intake results in higher activity of chicks for eating and digestive tract activity and heat
production. Heat loss in these chicks resulted in lower feed conversion ratio compared to C, T3 and T4
group.
Based on the results of this study, higher energy density provided with soybean oil inclusion
could induce liver damages. Lower energy density in diet of broiler chickens under heat stress also
resulted in liver damages and poor performance. As was seen in the results of T3 group, soybean oil
inclusion in diet of broiler chickens under heat stress caused better performance, when energy density of
diet was satisfied based on strain recommendation.
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