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Abstract: The objective was to elucidate the effects of chronic heat stress on carcass traits, muscle ox-
idative stability, muscle fatty acids and amino acid profiles in broiler chickens. A total of 100-day-old
male Ross broiler chicks were divided into two equal groups of five replicates. The control group (TN)
was maintained on a thermoneutral condition, while the experimental group (HS) was subjected to
8 h of heat stress (34 ◦C). The HS group showed lower dressing percentage and breast yield compared
with the TN group (p = 0.040 and 0.042, respectively). Meanwhile, heat stress significantly increased
the percentage of abdominal fat in broiler chickens (p = 0.001). The HS group showed significantly
lower levels of PUFA (linoleic, docosahexaenoic and eicosapentaenoic) in the breast (p = 0.003, 0.002
and 0.001, respectively) and thigh (p = 0.001, 0.009 and 0.003, respectively) muscles than did the TN
group. The levels of α-lenolinec acid in the breast and thigh muscles did not differ between both
experimental groups (p = 0.818 and 0.060, respectively). With exception of threonine, tyrosine and
phenylalanine, the levels of essential AA in the breast muscles were significantly (p < 0.05) reduced in
the HS group. The HS group showed significantly higher concentration of malondialdehyde (MDA)
in the breast muscles (p = 0.032). Meanwhile, the concentration of MDA in the thigh muscles did
not differ between both experimental groups (p = 0.149). Furthermore, the HS group showed signifi-
cantly lower superoxide dismutase and catalase in heart tissues (p = 0.005 and 0.001, respectively).
In conclusion, chronic thermal stress deteriorates carcass yield and the oxidative stability of breast
muscles, as well as the levels of PUFA and essential AA in broiler chickens. However, the oxidative
stability of thigh muscles was not affected.

Keywords: broilers; heat stress; carcass; meat composition; oxidation

1. Introduction

In the tropical and subtropical regions, heat stress is the main limiting factor of poultry
industries [1]. It is also expected that global warming will increase the heat stress-related
problems [2]. Unfortunately, the harmful effects of thermal stress to poultry health and
production are likely to continue in the future. In this context, broilers are more liable to
thermal stress due to their fast growth, rapid metabolic rate and high level of production [3].
As a compensatory mechanism to reduce the burden of heat stress, birds try to decrease
the heat production by reducing feed intake and consequently reducing growth rate and
profitability [4].

Heat stresses can be classified as acute or chronic depending on the duration and
severity [5]. Previous studies suggested that acute thermal stress could reduce the quality
attributes of breast muscles in broiler chickens [6]. However, the impacts of chronic thermal
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stress on the meat quality of broiler chickens are rarely discussed. Lu et al. [7] reported
that heat-exposed Arbor Acres broilers had significantly reduced breast muscle proportion,
suggesting that meat yield of broiler chickens was decreased by thermal stress. Others
demonstrated an 11.99% decrease in the breast yield of Cobb broilers when exposed to
24 h of thermal stress [8]. Similarly, Shakeri et al. [9] observed a 16% reduction in the
breast muscle yield when broilers were maintained under cyclic heat stress conditions.
Lu et al. [10] also showed that chronic thermal stress changes the aerobic metabolism and
the process of glycolysis and intramuscular fat deposition in broilers, resulting in poor
meat quality and low consumer acceptability [11].

Lipid oxidation, a process during which meat lipids oxidize and interact with other
meat constituents, causes deterioration in the quality of meat and causes undesirable effects
on nutritive value [12]. Mujahid et al. [13] also indicated that acute thermal stress increases
the oxidative damages to chicken skeletal muscles. In this context, heat stress accelerates
the denaturation process of proteins and cell death and results in accumulation of reactive
oxygen species (ROS) and sequential oxidative damages in tissues [14]. Hence, heat stress
damages or disturbs mitochondria with subsequent changes in energy-metabolic pathway.
It is now widely accepted that the metabolic changes in energy substance could alter the
meat quality attributes in chickens [15]. Therefore, the objective of the current work was to
investigate the impact of prolonged heat stress on carcass traits, muscle oxidative stability,
muscle fatty acids and amino acid profiles in broiler chickens.

2. Materials and Methods
2.1. Birds and Management

A total of 100 day-old male chicks (Ross strain) were divided into 2 equal groups of
five replicates (10 birds/replicate). The brooding house was provided with fresh bedding
materials (15 birds/m2) and birds had free access to feed and water. Digital heaters were
used to provide the supplementary heat and to maintain a stable housing temperature
(Diesel heater; Naganpuriya High Tech Farming Equipment, Indore, India). During the first
week of age, both groups were brooded at 34 ◦C. Thereafter, temperature was gradually
decreased to reach 23 ◦C at the day 21 of age. The first group (TN) was maintained on a
thermoneutral condition (23 ± 1 ◦C), while the other group (HS) was subjected to 8 h of heat
stress at 34 ◦C (08:00–16:00 and 23 ± 1 ◦C for the remaining time). The relative humidity
was adjusted at 58 ± 3% and regular observation was carried out to monitor the stability of
housing temperature and ventilation. A routine vaccination program against Newcastle
disease and Gumboro disease was applied. In accordance with NRC [16], all birds were
fed the mash starter (crude protein: 22.40%; ME: 12.3 MJ/kg) and grower-finisher diets
(crude protein: 19.75%; ME: 12.9 MJ/kg) during the periods 1–21 days and 22–42 days of
age, respectively.

2.2. Carcass Traits

At the end of the experiment (42 days of age), three birds per replicate (15/group) were
randomly selected, weighed (Sartorius 1202 MP balance with accuracy 0.01 g), and slaugh-
tered. The slaughter technique was practiced according to the Islamic protocol (HALAL
Slaughter) of the Malaysian institutes [17]. The main jugulars of birds were severed with
sharp knives without using any anesthetics to achieve effective bleeding. After evisceration
and removal of the internal organs, carcasses were allowed to effectively drain for 5 min
and chilled at 2 ◦C for 30 min. The carcass yield (dressing percentage) was estimated as an
actual carcass weight relative to the live body weight. Thereafter, carcasses were divided
into different cuts (breast and legs). The relative weight of breast (m. Pectoralis major plus
m. Pectoralis minor), legs, liver, heart and abdominal fat was calculated.

2.3. Muscle Fatty Acid and Amino Acid Profiles

From the above chilled carcasses, the thigh and breast muscles were carefully dissected
and any fat or connective tissues were removed. The lean muscle samples were directed
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to the chemical analyses of muscle fatty acids (FA) and amino acids (AA) profiles. A
chloroform:methanol mixture (2:1) was used to extract the lipids from muscle samples and
the free FA were purchased from Sigma–Aldrich (Sigma, St. Louis, MO, USA). The esterifi-
cation of supernatant was performed by adding 2 mL of methanol:sulphuric acid mixture
(95:5). The gas chromatography (Agilent Technologies—7890A GC) was used to finalize the
analysis. The samples were injected into the GC set loop, using the SupelcoSP2330 column,
(30 mm × 0.32 mm × 0.2 µm film thickness; Cat. No. 24073, Sigma–Aldrich, St. Louis, MO,
USA). The conditions of flow rate through the GC column and the splitless injection mode
were practiced according to the procedures described by Radwan and Ahmed [18]. The
concentrations of muscle saturated FA, monounsaturated FA (MUFA) and polyunsaturated
FA (PUFA) are expressed as g/100 g.

According to the modified procedures of Hughes et al. [19], the contents of free AA
in the thigh and breast muscles were estimated. Each muscle sample (1 g) was mixed
with 10 mL of trichloroacetic acid solution and homogenized for 1 min at 12,000 rpm.
The homogenate was centrifuged for 10 min at 5000 rpm and then filtered through a fine
membrane (0.45 µm thickness). The samples were re-dried by adding the drying mixture,
which composed of triethylamine:methanol:1 M sodium acetate trihydrate (1:2:2). The
derivatized samples and the standards of AA were injected into the HPLC Nova-PakTM

C18 column (4 µm, 3.9 × 4.6 mm).

2.4. Determination of Muscle Malondialdehyde and Antioxidant Activity

In order to determine the malondialdehyde (MDA) concentrations, the breast and
thigh muscles were homogenized in buffer solution and centrifuged at 700× g to collect
a clear supernatant layer. The HPLC Agilent technology (HP 1100 series, Santa Clara,
CA, USA) was used to quantify the concentration of AA in muscle samples [20]. The
analytical column of Supelcosil C18 (5 µm particle and 80 A◦ pore size) was used at a
flow rate of 1.5 mL/ min and 250 nm wavelength. Five heart samples were obtained from
each group. Each homogenate heart sample was prepared in a 10 mM phosphate buffer
(pH 7.4). Then, the suspension was centrifuged at 12,000× g for 10 min at 4 ◦C to collect
the clear supernatant. The activities of superoxide dismutase (SOD) and catalase (CAT) in
the supernatant were determined at two-minute intervals.

2.5. Statistical Analysis

The data were analyzed by ANOVA procedures of the IBM SPSS software program
(Version 16.0; IBM Corp., Armonk, NY, USA). The model included the fixed effects of the
thermal treatment (two levels: TN and HS) and the random effect of experimental error.
Body weight at day 21 of age was included as a covariate in the statistical model. The
outputs are expressed as means and the standard error of means (SEM).

3. Results

The effects of chronic heat stress on carcass traits of broiler chickens are illustrated in
Table 1. The heat-stressed group showed lower carcass yield (dressing percentage) and
breast yield compared with the thermoneutral group (p = 0.040 and 0.042, respectively).
Meanwhile, heat stress increased the percentage of abdominal fat in broiler chickens
(p = 0.001). The percentages of leg, liver and heart did not differ between both experimental
groups (p = 0.104, 0.064 and 0.060, respectively).

The effects of chronic heat stress on the contents of FA in breast and thigh muscles of
broiler chickens are described in Tables 2 and 3. The prolonged thermal stress significantly
increased the contents of saturated FA (myristic and palmitic) in breast (p = 0.001 and
0.012, respectively) and thigh (p = 0.018 and 0.006, respectively) muscles of broiler chickens.
Meanwhile, chronic heat stress decreased the concentrations of MUFA (myristoleic, palmi-
toleic and oleic) in breast (p = 0.005, 0.012 and 0.007, respectively) and thigh (p = 0.003,
0.018 and 0.008, respectively) muscles of broiler chickens. Moreover, the HS group showed
significantly lower levels of PUFA (linoleic, docosahexaenoic and eicosapentaenoic) in
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breast (p = 0.003, 0.002 and 0.001, respectively) and thigh (p = 0.001, 0.009 and 0.003, re-
spectively) muscles than did the TN group. The concentrations of α-linolenic acid in the
breast and thigh muscles did not differ between both experimental groups (p = 0.818 and
0.060, respectively).

Table 1. Effect of chronic heat stress on carcass traits of broiler chickens.

Parameters (%)
Group

TN 1 HS 2 SEM 3 p-Value

Dressing percentage 75.39 71.42 1.14 0.040
Breast 41.40 38.56 0.96 0.042
Legs 34.24 31.71 0.71 0.104
Liver 2.32 2.14 0.04 0.064
Heart 0.42 0.36 0.03 0.060

Abdominal fat 0.67 1.17 0.08 0.001
1 thermoneutral group; 2 thermal-stress group; 3 standard error of means.

Table 2. Effect of chronic heat stress on fatty acid profile (g/100 g) of breast muscles in
broiler chickens.

Parameters
Group

TN 1 HS 2 SEM 3 p-Value

Myristic (C14:0) 0.79 0.95 0.03 0.001
Palmitic (C16:0) 31.07 36.31 0.95 0.012
Stearic (C18:0) 12.54 13.20 0.22 0.145

Myristoleic acid (C14:1) 1.12 0.91 0.04 0.005
Palmitoleic (C16:1) 1.21 0.94 0.05 0.012

Oleic (C18:1) 22.02 17.68 0.86 0.007
Linoleic (C18:2n6) 15.68 12.56 0.78 0.003

α-linolenic acid (C18:3n3) 0.91 0.92 0.03 0.818
Docosahexaenoic acid (C22:6n3) 0.60 0.45 0.02 0.002
Eicosapentaenoic acid (C20:5n3) 0.71 0.53 0.02 0.001

1 thermoneutral group; 2 thermal-stress group; 3 standard error of means.

Table 3. Effect of chronic heat stress on fatty acid profile (g/100 g) of thigh muscles in broiler chickens.

Parameters
Group

TN 1 HS 2 SEM 3 p-Value

Myristic (C14:0) 1.25 1.34 0.03 0.018
Palmitic (C16:0) 29.27 32.88 0.92 0.006
Stearic (C18:0) 11.05 12.22 0.35 0.224

Myristoleic acid (C14:1) 1.12 0.79 0.05 0.003
Palmitoleic (C16:1) 2.01 1.61 0.07 0.018

Oleic (C18:1) 29.46 20.98 1.32 0.008
Linoleic (C18:2n6) 20.45 13.69 0.47 0.001

α-linolenic acid (C18:3n3) 0.57 0.66 0.02 0.060
Docosahexaenoic acid (C22:6n3) 0.51 0.36 0.01 0.009
Eicosapentaenoic acid (C 20:5n3) 0.84 0.58 0.04 0.003

1 thermoneutral group; 2 thermal-stress group; 3 standard error of means.

The effects of chronic heat stress on the concentrations of AA in breast and thigh
muscles of broilers are illustrated in Tables 4 and 5. Except for threonine, tyrosine and
phenylalanine, the levels of other essential AA (lysine, leucine, isoleucine, valine and
methionine) in the breast muscles were significantly (p < 0.05) reduced in the HS group.
Moreover, chronic thermal stress decreased the levels of all essential AA in the thigh
muscles of broiler chickens (p < 0.05).
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Table 4. Effect of chronic heat stress on amino acid profile (g/100 g) of breast muscles in
broiler chickens.

Parameters
Group

TN 1 HS 2 SEM 3 p-Value

Lysine 7.52 5.88 0.36 0.017
Leucine 7.69 5.83 0.43 0.018

Isoleucine 3.26 2.54 0.17 0.012
Valine 3.95 3.18 0.18 0.016

Methionine 1.54 1.22 0.03 0.035
Tyrosine 2.30 1.83 0.11 0.083

Threonine 3.50 2.84 0.10 0.052
Phenylalanine 1.85 1.62 0.08 0.214

Histidine 2.69 2.23 0.13 0.028
Glycine 4.98 3.81 0.26 0.009
Proline 1.47 1.14 0.08 0.036

Arginine 4.99 3.86 0.18 0.057
Serine 2.61 2.14 0.12 0.055

Aspartic acid 8.55 6.71 0.44 0.022
Glutamic acid 11.29 9.40 0.65 0.157

Alanine 5.26 4.13 0.30 0.074
1 thermoneutral group; 2 thermal-stress group; 3 standard error of means.

Table 5. Effect of chronic heat stress on amino acid profile (g/100 g) of thigh muscles in
broiler chickens.

Parameters
Group

TN 1 HS 2 SEM 3 p-Value

Lysine 7.32 5.87 0.37 0.024
Leucine 7.43 5.12 0.58 0.018

Isoleucine 3.23 2.29 0.21 0.001
Valine 4.28 2.93 0.15 0.008

Methionine 1.56 1.23 0.04 0.002
Tyrosine 2.25 1.77 0.11 0.001

Threonine 3.58 2.57 0.08 0.018
Phenylalanine 1.89 1.45 0.05 0.002

Histidine 2.78 2.09 0.12 0.006
Glycine 5.08 3.68 0.26 0.009
Proline 1.53 1.07 0.10 0.011

Arginine 4.91 3.62 0.16 0.015
Serine 2.83 1.88 0.05 0.001

Aspartic acid 7.78 3.36 0.21 0.003
Glutamic acid 11.72 8.57 0.41 0.009

Alanine 5.51 3.89 0.25 0.005
1 thermoneutral group; 2 thermal-stress group; 3 standard error of means.

As described in Figure 1, the HS group showed significantly higher concentration of
malondialdehyde in the breast muscles than did the thermoneutral group (p = 0.032). Mean-
while, the concentration of malondialdehyde in the thigh muscles did not differ between
both experimental groups (p = 0.149). Furthermore, the HS group showed significantly
lower superoxide dismutase and catalase in heart tissues (p = 0.005 and 0.001, respectively)
(see Figure 2).
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4. Discussion

It is believed that broiler chickens are more susceptible to adverse environmental
conditions, probably due to continuous selection for the rapid growth rate [21]. However,
the majority of the literature has focused on acute form or short duration thermal stress.
Herein, the chronic thermal stress decreased the dressing percentage and breast yield in
broiler chickens. Consistent with these findings, Mello et al. [8] demonstrated an 11.99%
decrease in the breast yield of Cobb broilers when exposed to 24 h of thermal stress. They
noticed that the legs yield was not influenced (p > 0.05) by the duration of thermal stress.
Oliveira et al. [22] also stated that prolonged thermal stress decreased the breast yield by
9.5% in broilers. In this context, previous studies suggested that the reduction of breast
yield may be attributed to the insufficient intake of nutrients and energy molecules, with a
subsequent reduction in the synthesis and storage of glycogen in the breast muscles [23].
Others have assumed that the lower developmental rate of breast muscles may be related to
the increased respiratory rate in heat-stressed broilers [24]. As a consequence, the activity
of breast muscles is increased and glycogen reserves have been depleted.

It is believed that excessive abdominal fat is one of the major problems in the broiler
industry [25]. Herein, chronic thermal stress increased the percentage of abdominal fat
in Ross broilers. The increased deposition of abdominal fat in the HS group is probably
an adaptive mechanism under hot environmental conditions, where dietary energy was
stored as fat, and consequently the metabolic heat production is reduced. Consistent
with these findings, some researchers observed that chronic heat exposure enhanced fat
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deposition in broiler chickens [26,27]. Lu et al. [7] also reported that prolonged exposure
to thermal stress (34 ◦C) significantly increases the proportion of abdominal fat in BJY
chickens. On the contrary, others reported a significant decrease in fat deposition due
to thermal stress [28]. The above conflict may be attributed to age differences and breed
of chickens, the model of thermal stress (constant or cyclic) and the duration of stressful
conditions (acute or chronic).

The primary concern of thermal stress in the broiler industry is the adverse effect
on meat composition and quality that influence consumer acceptability [29]. Moreover,
heat stress increases the level of ROS and the related oxidative damages. Indeed, mal-
ondialdehyde (MDA) is a compound mainly produced when ROS attacks unsaturated
lipid in muscles [30]. Unsurprisingly, prolonged thermal stress in the current study in-
creased the concentration of MDA in the breast muscles of broiler chickens. This may
indicate a shorter shelf life of breast muscle and the related manufactured products due
to chronic thermal stress. However, the majority of reports have focused on the acute
model of heat stress in broilers. Mujahid et al. [31] recorded more than two-fold increase
of muscle MDA when broilers were exposed to acute heat stress. They suggested that
high MDA level in the skeletal muscles may be due to the disturbed membrane function
of mitochondria. Wang et al. [30] also stated that short duration of thermal stress (3 and
5 h) significantly increased the concentration of MDA in the pectoralis major of broiler
chickens. After 7 days of thermal stress, the concentration of MDA in breast muscles of
broilers was significantly increased [10]. Meanwhile, the differences in the levels of breast
MDA disappeared when heat stress continued for 14 days. Interestingly, the chronic heat
stress model in the current study did not affect the level of MDA in thigh muscles. The
eminent oxidative stability of thigh muscle under chronic thermal stress may be due to an
adaptive internal mechanism controlled by mitochondria to regulate ROS generation [32].
In this context, Hosseindoust et al. [33] suggested that the redness of leg muscles is usually
associated with lower level of lipid peroxidation and reduced MDA activity.

Recently, there has been an increase in demand for healthy food products, includ-
ing both the quantity and composition of lipids in broiler meat [34]. The present study
demonstrated that prolonged heat stress increased the levels of saturated FA, but reduced
the levels of MUFA and PUFA in breast and thigh muscles of Ross broilers. This may be
attributed to the greater susceptibility of unsaturated FA to oxidative damage during the
exposure to thermal stress [35]. Indeed, heat stress enhances the production of free radicals
and ROS, with subsequent oxidative damages of lipid molecules [33] and modulation of
lipogenic enzyme expression [36]. Herein, the higher contents of palmitic acid in breast
and thigh muscles suggest a higher lipogenic activity in heat-stressed broilers, and this is
usually associated with increased fat deposits in the abdomen [37]. Although PUFA tends
to deteriorate upon initiation of oxidative stress, the levels of α-linolenic acid in breast and
thigh muscles remains stable in heat-stressed broilers. In this context, Zhao et al. [38] tested
whether thermal stress affects FA utilization in the muscles and measured the FA oxidation
rate in the longissimus dorsi muscle of pigs. They reported a similar FA oxidation rate in
both heat-stressed and thermoneueral groups.

Heat stress is usually associated with accumulation of ROS in the mitochondria, with
subsequent oxidative damages of proteins and DNA structures. When thermal stress is
prolonged, the mitochondrial homeostasis is disturbed and ATP synthesis is decreased [39].
Except for threonine, tyrosine and phenylalanine, the present study noticed that chronic
heat stress deteriorates the concentrations of essential AA in breast and thigh muscles
of broiler chickens. This may be attributed to the increased corticosterone level in heat-
stressed birds, which suppress protein synthesis and accelerate protein breakdown [40].
Furthermore, heat stress accelerates the depletion of amino acids as metabolic fuel to
supply energy by liver gluconeogenesis [41]. Herein, the reduced mass of breast mus-
cles in heat-stressed broilers may support this concept. Consistent with these findings,
Pedroso et al. [42] noticed that prolonged stress increased catabolism of muscles to AA for
supplying energy. Ma et al. [41] also demonstrated that thermal stress reduced the levels of
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essential AA (lysine, threonine, and glycine), suggesting a disturbance of muscle protein
synthesis in heat-stressed broilers. Previous studies suggested that a deficiency of methion-
ine increases fat deposition in broiler chickens [43]. Moreover, it has been observed that
heat stress increases the methionine requirement of broilers [44]. In the current study, the
reduced levels of muscle methionine in the HS group may explain the excessive deposition
of abdominal fat.

Heat stress enhances the lipid peroxidation process and accumulation of ROS, and
consequently exhausts the antioxidant defense system in broiler chickens [45]. Moreover,
it is believed that both catalase and SOD act as the first line of the antioxidant defense
system in the body tissues. In the current study, thermal stress reduced the levels of SOD
and catalase in the heart tissues of broiler chickens. Consistent with these findings, Xue
et al. [46] recorded a great depletion in serum antioxidant activity when Arbor Acres
broiler chickens were exposed to cyclic thermal stress. Furthermore, others reported that
short-term heat stress significantly decreased the activities of SOD and catalase in liver
tissues of Pekin ducks [47].

5. Conclusions

It could be concluded that prolonged heat stress reduced the dressing percentage and
breast yield, but increased the percentage of abdominal fat in broiler chickens. Moreover,
chronic heat stress decreased the levels of MUFA (myristoleic, palmitoleic and oleic), PUFA
(linoleic, docosahexaenoic and eicosapentaenoic), and essential AA in breast and thigh
muscles of broilers. The oxidative stability of breast muscles was deteriorated in heat-
stressed broiler chickens. Meanwhile, the oxidative stability of thigh muscles was not
affected. The present results may be helpful to adjust the appropriate strategies to relieve
burden of prolonged thermal stress in broiler chickens.
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