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The objective of this study was to determine if a diet supplemented simultaneously with vitamins C and E would alleviate the
negative effects of heat stress, applied between 28 and 42 days of age, on performance, carcass and meat quality traits of broiler
chickens. A total of 384 male broiler chickens were assigned to a completely randomized design, with a 2× 3 factorial
arrangement (diet with or without vitamin supplementation and two ambient temperatures plus a pair-feeding group) and
16 replicates. Chickens were kept in thermoneutral conditions up to 28 days of age. They were then housed in groups of four
per cage, in three environmentally controlled chambers: two thermoneutral (22.5 and 22.6°C) and one for heat stress (32°C).
Half the chickens were fed a diet supplemented with vitamins C (257 to 288 mg/kg) and E (93 to 109 mg/kg). In the thermoneutral
chambers, half of the chickens were pair-fed to heat stressed chickens, receiving each day the average feed intake recorded in
the heat stress chamber in the previous day. Meat physical quality analyses were performed on the pectoralis major muscle.
No ambient temperature× diet supplementation interaction effects were detected on performance, carcass, or meat quality traits.
The supplemented diet resulted in lower growth performance, attributed either to a carry-over effect of the lower initial BW, or to a
possible catabolic effect of vitamins C and E when supplemented simultaneously at high levels. Heat stress reduced slaughter and
carcass weights, average daily gain and feed intake, and increased feed conversion. Growth performance of pair-fed chickens was
similar to that of heat stressed chickens. Exposure to heat stress increased carcass and abdominal fat percentages, but reduced
breast, liver and heart percentages. Pair-fed chickens showed the lowest fat percentage and their breast percentage was similar to
controls. Heat stress increased meat pH and negatively affected meat color and cooking loss. In pair-fed chickens, meat color was
similar to the heat stressed group. Shear force was not influenced by heat stress, but pair-fed chickens showed the tenderest meat. In
conclusion, reduction in growth performance and negative changes in meat color in heat stressed chickens were attributed to depression
in feed intake, whereas negative changes in body composition, higher meat pH and cooking loss were credited to high ambient
temperature per se. Diet supplementation with vitamins C and E as antioxidants did not mitigate any of these negative effects.
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Implications

Heat stress is a problem for the poultry industry because it
reduces growth, increasing the number of days required to
slaughter, and causing undesirable effects on carcass quality,
reducing the proportion of breast meat and increasing the
proportion of fat. It is becoming more evident that broilers
exposed to high ambient temperature during the final phase
of growth produce meat with lower quality, involving aspects

closely related to consumer preferences such as shelf life,
color and tenderness. Diet supplementation with vitamins C
and E was not able to alleviate any of these negative effects
and affected growth performance adversely.

Introduction

Maintaining comfortable conditions in chicken houses is one
of the main problems facing chicken producers in tropical
regions or during the summer in subtropical and temperate
regions, given that the microenvironment is not always† E-mail: anamoura@fmvz.unesp.br
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compatible with the chickens’ physiological needs for
optimal performance.
Ambient temperatures above the thermoneutral zone may

affect maintenance of homeothermy, inducing physiological
adjustments that depress performance, alter slaughter yields,
and impair meat quality traits (Renaudeau et al., 2012; Lara
and Rostagno, 2013). Heat stress alters the structure and
function of the cellular membrane and influences the
animals’ oxidative metabolism (Mager and De Kruijff, 1995).
The elevation of tissue lipid peroxidation leads to free radical
buildup and, when the anti-oxidative capacity of the organ-
ism is overcome, there is a decrease in growth performance,
and carcass quality traits may be affected. The high content
of polyunsaturated fatty acids in chicken meat contributes to
this quality decline (Lanari et al., 2004; Maini et al., 2007).
Ascorbic acid, also known as vitamin C, is not essential in

chicken diets, because there is enough synthesis in the liver
for maintenance of growth and metabolism. However, heat
stress drastically reduces the amount synthesized and may
lead to the exhaustion of supplies (Macari et al., 2002).
Therefore, supplementation of this vitamin to diets of
chickens exposed to heat stress has been proposed, in an
attempt to reduce the negative effects of heat stress on the
birds (Macari et al., 2002; Rutz, 2002). Beneficial effects of
diet supplementation with moderate levels (200 to 250mg/kg
of diet) of vitamin C on growth performance of chickens under
heat stress have been reported (Kutlu and Forbes, 1993; Attia
et al., 2011; Imik et al., 2012). However, the supplementation of
chicken diets with high levels of vitamin C is still controversial
(Grau et al., 2001).
Vitamin E (tocopherol), on the other hand, is not synthe-

sized by the chickens that are, therefore, dependent on
dietary sources to meet their requirements (Tamehiro et al.,
2005). Vitamin E requirements depend on the level of other
nutrients in the diet such as sulfur amino acids, poly-
unsaturated fatty acids, and selenium (Rutz, 2002). The use
of vitamin E supplementation is currently a subject of debate,
especially with respect to help in mitigating losses caused by
heat stress. Vitamin E has a potent antioxidant function by
neutralizing free radicals (Lauridsen et al., 1997). The
National Research Council (1994) recommends that 10 mg of
vitamin E/kg of diet be supplemented in basal diets of broiler
chickens; however, levels 20 to 25 times higher have been
used in the finisher phase (Barreto et al., 1999). Positive
effects of diet supplementation with high levels of vitamin E
(100 to 200 mg/kg) have been described on meat quality of
chickens exposed to oxidative stress (Sahin et al., 2001;
Gao et al., 2010), but growth performance was not always
improved (Niu et al., 2009; Hazigawa et al., 2013).
Concurrent supplementation of diet with vitamin C and E

was employed to help alleviate oxidative stress in chickens
under cold conditions (Ruiz-Feria, 2009), but not in chickens
exposed to heat stress. Therefore, this study was conducted
to investigate if concurrent diet supplementation with
vitamins C and E above the recommended levels could
reduce, or neutralize, the negative effects of heat stress,
applied between 28 and 42 days of age, on carcass and meat

quality traits of chickens. In addition to a control group at
thermoneutral temperature, a group of chickens was pair-fed to
heat stressed chickens to allow distinguishing between the
effects of heat stress per se from those of depressed feed intake.

Material and methods

Animals and experimental design
The procedures involving animals were approved by
the Institutional Animal Care and Use Committee of the
College of Veterinary Medicine and Animal Sciences, UNESP,
Botucatu (CEUA/FMVZ), under protocol number 142/2009.
A total of 384 one-day-old male broiler chicks of the Cobb

strain were used. During the pre-experimental period, the
chicks were allocated eight per cage (0.60× 0.50× 0.45 m),
in two environmental chambers kept at 31°C in the 1st week
and at 29°C in the 2nd week (Table 1). From the beginning of
the 3rd week and on, stocking density was reduced to
six chickens per cage and the temperature was reduced at
a rate of 3°C per week, reaching 24°C at the end of the 4th
week of age. No resources to control relative humidity were
available in the chambers. The experimental period began on
day 28 when the chickens were reallocated four per cage in
three environmental chambers (5.00× 3.00× 2.65 m): two
chambers were thermoneutral (maintained at 24°C) and one
of heat stress (maintained at 32°C). These temperatures were
selected based on Belay and Teeter (1993) and Teeter et al.
(2009). Each chamber housed 32 wire cages. The experiment
followed a completely randomized design with a 2× 3
factorial arrangement (diet supplementation or not with
vitamin C and E and two ambient temperatures plus a pair
feeding group) and 16 replicates.
Corn and soybean meal based diets were formulated

according to the recommendations of Rostagno et al. (2005)
for average performance of male broilers. The chicks were
phase-fed a 22.0% CP and 12.35 MJ ME/kg pre-starter diet
(from 1 to 7 days), a 20.8% CP and 12.56 MJ ME/kg starter
diet (from 8 to 21 days), a 19.4% CP and 12.98 MJ ME/kg
grower diet (from 22 to 35 days) and a 18.0% CP and
13.19 MJ ME/kg finisher diet (from 36 to 42 days). From 28
to 42 days of age, half the chickens received supplementa-
tion with vitamin C in the form of L-ascorbic acid 97.5%
(Rovimix® C-EC, DSM Nutritional Products Inc., Parsippany, USA)
and with vitamin E in the form of DL-α-tocopherol acetate

Table 1 Ambient temperatures and relative humidity in the two
chambers during the pre-experimental period

Thermoneutral chamber 1 Thermoneutral chamber 2

Week
Temperature

(°C)
Relative

humidity (%)
Temperature

(°C)
Relative

humidity (%)

1 31.7 ± 0.3 63.9 ± 2.7 31.5 ± 0.3 69.7 ± 2.9
2 29.4 ± 0.2 74.7 ± 2.2 29.0 ± 0.3 85.1 ± 2.2
3 26.5 ± 0.2 81.1 ± 1.0 26.2 ± 0.2 91.4 ± 0.7
4 24.7 ± 0.2 70.8 ± 2.4 23.5 ± 0.3 79.8 ± 2.2
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50% (Rovimix® E-50 Adsorbate; DSM Nutritional Products
Inc.) simultaneously in the grower and finisher diets. Diet
samples were assayed (Labtec Chemical Analysis Laboratory,
Hortolândia, São Paulo, Brazil) for vitamins C and E levels
using HPLC methods. In the grower diets, vitamin C levels
were 46 and 257 mg/kg in the basal and supplemented diets,
respectively, and vitamin E levels were 42 and 109 mg/kg in
the basal and supplemented diets, respectively. In the fin-
isher diets, vitamin C levels were 21 and 288 mg/kg in the
basal and supplemented diets, respectively, and vitamin E
levels were 18 and 93 mg/kg in the basal and supplemented
diets, respectively. The levels of supplementation for
vitamins C (Njoku, 1986; Kutlu and Forbes, 1993) and E
(Sahin et al., 2001; Niu et al., 2009) were selected based on
previous studies.
All the chickens had free access to drinking water through

nipple drinkers. In the heat stress chamber, feed was offered
ad libitum. In the two thermoneutral chambers, half of the
birds were offered ad libitum feed and the other half was
pair-fed to heat stressed chickens. This pair-fed control group
allowed understanding of the effects of heat stress on per-
formance, carcass and meat traits independent of the
reduction in feed intake. Each day, the average feed intake
per chicken was measured in the heat stress chamber. This
exact amount was offered to the chickens in the pair-fed
cages the next day. The cages with ad libitum feeding and
pair-feeding were randomly distributed in the two thermo-
neutral chambers. Therefore, our interpretation of the results
was as follows: if for a given trait, the heat stressed group
differed from the thermoneutal control, but was similar to
the pair-fed thermoneutral, the effect of heat stress was
attributed to reduced feed intake. If, on the other hand, the
heat stressed group differed from both thermoneutral control
and pair-fed control for a given trait, and these latter two
were similar to each other, the effect of heat stress was
credited to the heat per se.
The lighting program was continuous. Average air tempera-

ture and relative humidity were determined according to Müller
(1989), based on the values recorded daily at 0900 h, 1400 h
and 2100 h. The temperature and humidity index (THI) was
computed according to Kelly and Bond (1971). Average daily
ambient temperatures and air relative humidity during the
entire experimental period were 22.6±0.3°C and 78.5± 1.7%
in thermoneutral chamber 1, 22.5± 0.3°C and 71.3± 2.0% in
thermoneutral chamber 2, and 31.7± 0.3°C and 59.1±1.5% in
the heat stress chamber (Figure 1). The THI was considered
normal in the thermoneutral chambers 1 (71±0.6 on average)
and 2 (70.3± 0.6 on average), but elevated (82±0.4 on
average), as expected, in the heat stress chamber.
Cloacal and skin temperatures were recorded in one

chicken per cage selected at random. The data were collected
between 1400 h and 1600 h on 2 consecutive days a week,
between days 28 and 42. Cloacal temperature was assessed
using a rectal probe attached to a three-channel thermo-
meter (TH-8 Thermalert Monitoring Thermometer, Physitemp
Instruments Inc., Clifton, USA). The probes were inserted
~50mm beyond the cloacal sphincter and allowed to

equilibrate for a minute. Skin surface temperature was taken
with a pistol type laser sighting infrared thermometer (Instru-
therm® model TI-870, São Paulo, Brazil) positioned at ~ 25 cm
from the target spots (comb, breast and leg). The average of
two weekly measurements of each physiological indicator
(cloacal temperatures and skin surface temperatures) was used
as the weekly value for each individual chicken.

Evaluation of performance and of carcass and organs traits
Initial (day 28) and final (day 42) BWs and weekly feed
consumption were recorded on a cage basis. Viability (100%
mortality rate), average daily gain and feed conversion were
estimated from 28 to 42 days of age.
On day 42, 144 chickens were randomly chosen (24 from

each treatment) fasted for 8 h, weighed and euthanized.
Chicks were stunned with an electrical 55 V device for 10 s
and bled from the unilateral section of the jugular vein and
carotid artery. Carcasses were scalded at 57°C for 3 min,
mechanically defeathered and manually eviscerated. Pre-
chilling was carried out in an ice water holding at 16°C, and
chilling at 0 to 2°C, for 30 min (or until the internal carcass
temperature reached 3°C). The carcasses (no blood, feathers
and organs), abdominal fat depots, and organs (liver, giz-
zard, proventriculus and heart) were weighed and their
yields (in %) were determined relative to slaughter weight.
Similarly, the commercial cuts (wings, breast, drums and
thighs and back) were weighed and their yields (in %) were
calculated relative to the eviscerated carcass weight.

Meat physical quality evaluation
The right and left portions of the pectoralis major muscle
were dissected, packed in plastic bags, and stored at 4°C
for 24 h. A peagameter (Hommis® model 238, São Paulo,
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Figure 1 Average daily ambient temperature (Ta) and temperature
humidity index (THI) in the thermoneutral and heat stress chambers from
28 to 42 days.
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Brazil) with an attached glass probe (Digimed® model CF1,
São Paulo, Brazil) was used to determine muscle pH. The
glass probe was inserted ~3 mm into the sample. The
objective color was determined at three sections of each
muscle sample with a colorimeter (Minolta Konica, model
CR-400, Toquio, Japan). The CIELAB system (Van Laack et al.,
2000) was applied: lightness (L*), varying from black (0) to
white (100), redness (a*), varying from green (−60) to red
(+60) and yellowness (b*), varying from blue (−60) to yellow
(+60) were evaluated. For these measurements, samples
were previously exposed to air for 30 min at 15°C (Van Laack
et al., 2000).
Water holding capacity (WHC) was evaluated according to

the procedures described by Hamm (1960), based on the
water released when a 10 kg force was applied for 5 min on a
0.50 g pectoralis major sample. The percentage of water lost
was calculated from the sample weight difference before and
after the application of force. The equation [WHC = 100 –%
water loss] was then employed to estimate WHC of
the sample.
For cooking loss, both the right and left portions of the

pectoralis major muscle were weighed, vacuum packed in
plastic bags and cooked in a water bath at 85°C, for 45 min,
until they reached an internal temperature of 75°C to 80°C.
Next, they were cooled to ambient temperature, dried with
paper towels and weighed again. The weight difference
between the in natura and the cooked sample was employed
to estimate the percentage of cooking loss (Honikel, 1987).
Cooked samples previously used for cooking loss deter-

mination were subsequently employed for shear force
measurement. For this, they were cut into at least five pieces
measuring 1× 1× 2 cm (rectangular section 1× 1 and 2 cm
along the fiber axis), and positioned with their muscle fibers
perpendicular to the blades of a Warner-Bratzler® TA.XT
plus – Texture Analyser (Stable Micro Systems®, Haslemere,
UK) (American Meat Science Association, 1995) for shred-
ding. The device descent speed was set to 10 mm/s.

Statistical analyses
Physiological, performance, carcass and meat quality traits
were analyzed as a 2× 3 factorial by two-way ANOVA using
the GLM procedure of SAS (2003). The models included the
main effects of ambient temperature plus pair-feeding, and
diet supplementation with vitamins, and the interaction
between these two factors, in addition to the random error
effect. Mean comparisons were conducted using Tukey’s test
when necessary. The experimental unit for performance traits
was the cage and for the other traits the experimental unit
was the individual chicken.

Results

No ambient temperature× diet supplementation interactions
(P> 0.05) were detected for physiological, performance,
carcass yield or meat quality traits, therefore the effects
of each one of these factors were considered separately.
Cloacal and skin surface (comb, breast and leg) temperatures

were elevated at higher ambient temperature, both from
28 to 35 days and from 36 to 42 days (Figure 2). In pair-fed
chickens, cloacal and skin surface temperatures were similar
to controls in thermoneutral environment.

Performance, carcass and organs yield
The chickens from the basal diet group had higher initial BW
than those from the supplemented diet group (Table 2). This
difference was unexpected, considering that the individuals
were randomly assigned to treatments at 28 days of age. In
order to eliminate this effect, initial BW was included as a
covariate in the model for analysis of performance traits. In
fact, covariate effects were detected in final BW (P< 0.001),
average feed consumption (P< 0.001), and feed conversion
(P = 0.044).
The chickens that received the diet concurrently supple-

mented with vitamins C and E above the recommended
levels presented lower average daily gain, slaughter and
carcass weights and increased feed conversion, with no
change in daily feed consumption (Table 2). In addition, the
P-value for final weight was very close to significance. Con-
sequently, slaughter and carcass weights and the percentage
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Figure 2 Average cloacal and skin surface temperatures in broiler
chickens according to diet supplementation and ambient temperature
from 28 to 35 days (upper panel) and from 36 to 42 days (lower panel).
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of drums and thighs were also reduced (Table 3). Percentage
of carcass, abdominal fat, breast, other carcass cuts and
organs were unaffected by vitamin supplementation.
Heat stress reduced final BW (−15%), average daily gain

(−32%) and feed consumption (−20%), and increased feed
conversion (+16%), but viability was unaffected (Table 2).
The performance of pair-fed chickens (Table 2) was very
similar to that of heat stressed chickens.
Exposure to heat stress from day 28 to 42 reduced

slaughter and carcass weights, as expected, but increased
carcass, abdominal fat, wings and back yields, in relation to
controls maintained in thermoneutral conditions (Table 3). It
reduced the percentages of breast and of internal organs
such as liver, heart and proventriculus, did not affect drums
and thighs percentage, but increased abdominal fat percen-
tage. Pair-fed chickens showed the lowest fat percentage,
but breast percentage was not affected. Liver percentage of

pair-fed chickens was similar to that of heat stressed chickens,
whereas heart and gizzard percentages were higher.

Physical meat quality
No effects of concurrent diet supplementation with vitamins
C and E were detected for meat physical traits (Table 4). Heat
stress increased pectoralis major pH 24 h after slaughter
(Table 4). Effects of heat stress were also detected on meat
color traits. Brightness was increased and redness was
decreased compared to chickens in the thermoneutral con-
dition. Yellowness was unaffected by heat stress. In pair-fed
chickens, meat color was similar to the heat stressed group.
No effect of heat stress (or of pair-feeding) was detected

on pectoralis major water holding capacity (Table 4). Cook-
ing loss, on the other hand, increased in the meat of
heat stressed chickens (Table 4), whereas pair-fed chickens
performed similarly to controls. Interestingly, shear force was

Table 2 Effect of diet supplementation with vitamins C and E and ambient temperature on the performance of broiler chickens from 28 to 42 days

Diet2 Ta P-value

Trait1 Basal Supplemented TN PTN HS RMSE Diet Ta Diet× Ta

Initial BW (g) 1204 1167 1188 1206 1163 84 0.040 0.142 0.774
Final BW (g) 2052 1986 2246b 1902a 1910a 154 0.053 <0.001 0.800
Weight gain (g/day) 72.7 66.3 88.4b 60.2a 59.8a 13.0 0.022 <0.001 0.805
Feed consumption (g) 136.2 133.4 155.9b 124.2a 124.4a 13.8 0.342 <0.001 0.185
Feed conversion 1.95 2.09 1.84a 2.09b 2.13b 0.25 0.007 <0.001 0.056
Viability (%)3 98.6 99.3 97.8 100.0 98.9 6.1 0.590 0.397 0.702

Ta = ambient temperature; TN = thermoneutral; PTN = pair-fed thermoneutral; HS = heat stress.
1Initial BW was included as covariate in the models of analyses for final BW, weight gain, feed consumption and feed conversion.
2Basal = basal diet; Supplemented = diet supplemented with vitamin C (257 mg/kg in the grower phase and 288 mg/kg in the finishing phase) and E (93 mg/kg in the
grower phase and 109 mg/kg in the finishing phase).
3Viability = 100 – % mortality recorded on a cage basis.
a,bDiffer according to Tukey’s test at P<0.05.

Table 3 Effect of diet supplementation with vitamins C and E and ambient temperature on carcass traits of broiler chickens

Diet1 Ta P-value

Trait Basal Supplemented TN PTN HS RMSE Diet Ta Diet× Ta

Slaughter weight (g) 2040 1912 2178b 1922a 1828a 284 0.008 <0.001 0.913
Carcass weight (g) 1460 1369 1547b 1362a 1335a 211 0.012 <0.001 0.883
Body composition, % of slaughter weight
Carcass 71.6 71.6 71.3a 70.8a 72.6b 1.6 0.997 <0.001 0.650
Abdominal fat 1.28 1.30 1.35b 1.00a 1.54c 0.41 0.688 <0.001 0.818
Liver 1.90 1.88 2.05b 1.81a 1.81a 0.26 0.781 <0.001 0.428
Gizzard 1.49 1.56 1.48a 1.67b 1.42a 0.24 0.118 <0.001 0.860
Proventriculus 0.31 0.33 0.32b 0.33b 0.30a 0.06 0.139 0.013 0.617
Heart 0.50 0.52 0.57c 0.50b 0.46a 0.07 0.156 <0.001 0.659

Body composition, % of carcass weight
Wings 11.4 11.5 11.1a 11.7c 11.4b 0.7 0.350 <0.001 0.705
Breast 37.6 37.6 38.0b 38.1b 36.7a 1.9 0.987 0.001 0.576
Drums and thighs 31.5 31.0 31.2 31.2 31.4 1.2 0.013 0.489 0.128
Back 18.6 19.0 18.6a 18.2a 19.6b 1.3 0.133 <0.001 0.713

Ta = ambient temperature; TN = thermoneutral; PTN = pair-fed thermoneutral; HS = heat stress.
1Basal = basal diet; Supplemented = diet supplemented with vitamin C (257 mg/kg in the grower phase and 288 mg/kg in the finishing phase) and E (93 mg/kg in the
grower phase and 109 mg/kg in the finishing phase).
a,bDiffer according to Tukey’s test at P<0.05.
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not affected by heat stress (Table 4), but the feed restriction
imposed on pair-fed chickens resulted in more tender meat.

Discussion

This study aimed to investigate if concurrent diet supple-
mentation with vitamins C and E, above the recommended
levels, could reduce or neutralize the negative effects of heat
stress, applied between 28 and 42 days of age, on carcass
and meat quality traits of chickens. A group of chickens was
pair-fed to heat stressed chickens to allow for distinguishing
between the effects of heat stress per se from those caused
by depressed feed intake.
Exposure to heat stress caused elevation of cloacal (+1 to

1.5°C) and skin surface temperatures (+4 to 6°C) of chickens
from 28 to 35 days and from 36 to 42 days, proving that heat
stress was established, but its intensity was not enough to
impair viability. The elevation in skin temperature allows
heat loss through sensible mechanisms, but the elevation in
core temperature reflects the chickens’ inability to dissipate
enough heat. It is likely that cardiovascular adjustments
related to acclimatization, such as the vasomotor response,
adaptations in the circulatory system, as well as reduction in
heat production were taking place during this 2-week heat
stress period (Yahav, 2009). These results are in agreement
with previous studies in which increased core body and
skin surface temperatures in broilers resulted from elevated
ambient temperature over a period of 3 to 4 weeks (Cooper
and Washburn 1998; Giloh et al., 2012).
The chickens that received the diet concurrently supple-

mentated with vitamins C and E above the recommended
levels (Rostagno et al., 2005) presented lower average daily
gain, slaughter and carcass weights and increased feed
conversion, with no change in daily feed consumption,
independently of ambient temperature. A possible carry-over
effect of the lower initial weight of chickens in the supple-
mented group should be considered, despite the fact that
we used the initial BW as a covariate in the analysis of per-
formance traits. Alternatively, these differences suggest a

catabolic effect of these two vitamins when supplemented
simultaneously at high levels that could not be confirmed.
The physiological effects of constant heat stress and its

consequences on growth performance and body composition
of broiler chickens are well documented (Géraert et al., 1996;
Renaudeau et al., 2012). At high ambient temperature, feed
intake is diminished in an attempt to reduce metabolic heat
production. In the present study, the reduction in growth rate
(32%) was higher than the reduction in feed intake (20%),
resulting in poorer feed conversion (16%). Pair-fed chickens
performed very similarly to heat stressed chickens, attesting
that the reduction in growth under heat stress was entirely
due to the reduction in feed intake.
Exposure to heat stress worsened carcass composition by

altering the proportion of carcass parts. This effect was, at
least partially, due to depressed growth performance. The
most important changes were decreased breast percentage
and increasing abdominal fat percentage, but the percentage
of drums and thighs was not affected. Similar results were
reported by Zhang et al. (2012) working with Arbor Acres
males. In the present study, carcass yield increased, but this
was at least partially due to a relative reduction in organs
weight. A possible explanation for why the percentage of
drums and thighs was not influenced by heat stress in the
present study, whereas breast percentage was reduced, may
reside in differences in the metabolism of muscle fibers
between breast and leg muscles. In the leg, red slow-
contracting oxidative fibers predominate, whereas in breast,
white fast-contracting glycolytic fibers are the most abun-
dant (McKee, 2003). The latter are richer in ATP and rely on
glycogen supply for its metabolism and hypertrophy, there-
fore as feed intake was limited under heat stress, glycogen
supply decreased leading to decreased protein synthesis in
the breast muscle (Temim et al., 2000).
Similar to what is reported here, it has been shown that

chickens exposed to heat stress retained more fat (Ain-Baziz
et al., 1996; Zhang et al., 2012) and had less muscle protein
deposition (Temim et al., 2000; Zhang et al., 2012) credited
to decreased capacity of protein synthesis and of peripheral

Table 4 Effect of diet supplementation with vitamins C and E and ambient temperature on breast meat quality traits of broiler chickens

Diet1 Ta P-value

Trait Basal Supplemented TN PTN HS RMSE Diet Ta Diet× Ta

pHu 5.81 5.83 5.78a 5.77a 5.92b 0.14 0.468 <0.001 0.395
L* 44.2 43.6 42.8a 44.7b 44.2b 2.7 0.208 0.002 0.807
a* 4.43 4.68 5.12b 4.29a 4.25a 0.94 0.121 <0.001 0.834
b* 1.40 1.30 1.17 1.37 1.50 1.21 0.659 0.425 0.957
Water holding capacity (%) 58.1 58.2 58.0 58.0 58.3 5.6 0.961 0.957 0.204
Cooking loss (%) 27.7 27.5 26.7a 27.4a 28.7b 2.3 0.495 0.001 0.273
Shear force (kgf/cm2) 3.70 3.80 3.91b 3.44a 3.89b 0.97 0.549 0.029 0.462

Ta = ambient temperature; TN = thermoneutral; PTN = pair-fed thermoneutral; HS = heat stress; pHu = pectoralis major muscle pH 24 h after slaughter;
L* = lightness; a* = redness; b* = yellowness.
1Basal = basal diet; Supplemented = diet supplemented with vitamin C (257 mg/kg in the grower phase and 288 mg/kg in the finishing phase) and E (93 mg/kg in the
grower phase and 109 mg/kg in the finishing phase).
a,bDiffer according to Tukey’s test at P<0.05.
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lipolysis, respectively. Pair-fed chickens, in the present study,
showed the lowest abdominal fat percentage; possibly due
to the 20% feed restriction that was imposed on them, but
their breast percentage was similar to thermoneutral con-
trols. Therefore, we can conclude that the changes in meta-
bolism and body composition of heat stressed chickens were
caused by the high ambient temperature per se, and not by
the reduction in feed intake.
The lower percentage of metabolically active organs such

as the liver and heart in chickens kept under heat stress
compared to thermoneutrality occurred due to the physio-
logical adjustment derived from depressed feed intake.
Similar results were described by De Oliveira et al. (2006) and
Zhang et al. (2012).
Breast meat physical traits were negatively affected by

exposure to chronic heat stress. Final pH, cooking loss and
lightness were increased, whereas redness was decreased.
No differences in yellowness and shear force were detected
between heat stressed and control chickens, but the meat of
pair-fed chickens was tenderer, indicating that feed restric-
tion was responsible for this positive effect. Diet supple-
mentation with vitamins C and E simultaneously did not
compensate for the negative effects of heat stress on meat
quality traits. In contrast to these results, diet supplementa-
tion with 200 mg/kg of vitamin E was reported to improve
chicken breast meat quality by reducing cooking loss and
shear force, and improving meat color (Zhang et al., 2013). In
addition, diet supplementation with vitamin C was efficient
in lowering breast meat pH increased due to heat stress (Imik
et al., 2012). However, no previous studies on the effects of
concurrent diet supplementation with vitamins C and E to
alleviate the negative impact of heat stress on meat quality
traits of broilers were found.
Under anaerobic conditions, such as during the post-

mortem period, muscle glycogen degradation takes place via
glycolysis leading to the synthesis of lactic acid from pyr-
uvate, reducing muscle pH. This reduction is necessary for the
conversion of muscle into meat (Dransfield and Sosnicki,
1999; Lehninger et al., 2008). Chronic exposure to high
ambient temperatures, as occurred in the present study, may
have lead to an exhaustion of muscle glycogen reserves
in vivo, resulting in meat with higher pH (Mckee and Sams,
1997; Dai et al., 2012). Acute heat stress, in contrast, has
been associated with faster postmortem pH decline and
lower pH (Debut et al., 2003).
In pair-fed chickens, meat color was similar to that of the

heat stressed group, indicating that increased lightness and
decreased redness in heat stressed chickens were due to the
depression in feed intake. Myoglobin is the main protein
responsible for meat color, along with hemoglobin and
cytochrome C (Mancini and Hunt, 2005). Meat discoloration
originates from the oxidation of ferrous myoglobin deriva-
tives to metmyoglobin. Several studies have associated
chronic heat stress with increased breast meat lightness
(Aksit et al., 2006; Lu et al., 2007; Dai et al., 2012), but the
effects on redness and yellowness were variable. Similar to
the present study, Zhang et al. (2012) reported decreased

redness and unchanged yellowness under chronic heat
stress, but Aksit et al. (2006) found increased redness and Lu
et al. (2007) did not detect any changes in these two color
measurements in the breast meat of Arbor Acres chickens
under constant heat stress.
We expected that breast meat water holding capacity and

shear force would be increased under heat stress, but our
data did not confirm this. The elevation of meat pH caused by
heat stress should increase meat protein capacity for water
retention preventing water extravasation (Dransfield and
Sosnicki, 1999) and resulting in less tender meat. Cooking
loss, on the other hand, paralleled pH, being higher in heat
stressed compared to control and pair-fed chickens. These
were effects of the high temperature per se, and not of
depressed feed intake. Zhang et al. (2012) attributed
increased cooking loss in the breast muscle of chickens
exposed to chronic heat stress to a more pronounced protein
denaturation that would reduce its ability to bind water.
Interestingly, shear force was not affected by heat stress, but
the feed restriction imposed to pair-fed chickens reduced
shear force, probably due to an increased postmortem
proteolytic potential.

Conclusion

Exposing chickens to heat stress in the grower finishing
phases had a negative impact on performance, carcass
composition, and meat physical quality traits, but not all
these effects were due to the high ambient temperature
per se. Important changes in carcass composition and in
meat physical quality traits resulted from alterations in
metabolism induced by high ambient temperature. These
included decreased breast proportion, increased abdominal
fat proportion, and increased meat pH and cooking loss. The
pair-feeding system allowed for the determination that
the depression in growth performance and liver proportion,
and the alterations in meat color were actually attributed to
the reduction in feed intake induced by the exposure to heat
stress. Diet supplementation with vitamins C and E simulta-
neously was not able to neutralize or reduce any of the
negative effects of the exposure of chickens to heat stress,
in the grower finishing phases, on performance, carcass and
meat physical quality traits. Future research is needed to
investigate if other combinations of different levels of these
two vitamins would be effective. Insights into the molecular
mechanisms involved with heat stress in chickens may also
reveal new approaches to mitigate these effects.

Acknowledgments
The authors thank DSM Nutritional Products Inc., Parsippany,
USA for the donation of vitamins and Dr David R. Ledoux from
Animal Sciences Division, University of Missouri, Columbia, USA
for English language checking and editing. This project received
financial support from FAPESP, Brazil (grant number 2009/
15624-4). Cynthia P. Zeferino and Claudia M. Komiyama
received research assistantships from CAPES and FAPESP,

Carcass and meat of chicks fed vitamins under heat stress

169



Brazil, respectively. Ana Silvia A.M.T. Moura and José R. Sartori
are recipients of productivity scholarships from CNPq, Brazil.

References
Ain-Baziz H, Géraert PA, Padilha JC and Guillaumin S 1996. Chronic heat
exposure enhances fat deposition and modifies muscle and fat partition in
broiler carcasses. Poultry Science 75, 505–513.

Aksit M, Yalcın S, Ozkan S, Metin K and Ozdemir D 2006. Effects of temperature
during rearing and crating on stress parameters and meat quality of broilers.
Poultry Science 85, 1867–1874.

American Meat Science Association 1995. Research guidelines for cookery,
sensory evaluation, and instrumental tenderness measurements of fresh
meat. American Meat Science Association, National Livestock and Meat Board,
Chicago, IL, USA.

Attia YA, Hassan RA, Tag El-Din AE and Abou-Shehema BM 2011. Effect of
ascorbic acid or increasing metabolizable energy level with or without supple-
mentation of some essential amino acids on productive and physiological traits
of slow-growing chicks exposed to chronic heat stress. Journal of Animal
Physiology and Animal Nutrition 95, 744–755.

Barreto SLT, Ferreira WM and Moraes T 1999. Efeito de níveis de vitamina E na
dieta sobre o desempenho e concentração de α-tocoferol na carne de frangos
de corte. Arquivo Brasileiro de Medicina Veterinária e Zootecnia 51, 387–392.

Belay T and Teeter RG 1993. Broiler water balance and thermobalance during
thermoneutral and high ambient temperature exposure. Poultry Science 72,
116–124.

Cooper MA and Washburn KW 1998. The relationships of body temperature to
weight gain, feed consumption, and feed utilization in broilers under heat stress.
Poultry Science 77, 237–242.

Dai SF, Gao F, Xu XL, Zhang WH, Song SX and Zhou GH 2012. Effects of dietary
glutamine and gamma-aminobutyric acid on meat colour, pH, composition, and
water-holding characteristic in broilers under cyclic heat stress. British Poultry
Science 53, 471–481.

Debut M, Berri C, Baéza E, Sellier N, Arnould C, Guémené D, Jehl N, Boutten B,
Jego Y, Beaumont C and Le Bihan-Duval E 2003. Variation of chicken tech-
nological meat quality in relation to genotype and pre-slaughter stress condi-
tions. Poultry Science 82, 1829–1838.

De Oliveira GA, De Oliveira RFM, Donzele JL, Cecon PR, Vaz RGMV and Orlando
UAD 2006. Efeito da temperatura ambiente sobre o desempenho e as
características de carcaça de frangos de corte dos 22 aos 42 dias. Revista
Brasileira de Zootecnia 35, 1398–1405.

Dransfield E and Sosnicki AA 1999. Relationship between muscle growth and
poultry meat quality. Poultry Science 78, 743–746.

Gao J, Lin H, Wang XJ, Song ZG and Jiao HC 2010. Vitamin E supplementation
alleviates the oxidative stress induced by dexamethasone treatment and
improves meat quality in broiler chickens. Poultry Science 89, 318–327.

Géraert PA, Padilha JC and Guillaumin S 1996. Metabolic and endocrine
changes induced by chronic heat exposure in broiler chickens: growth
performance, body composition and energy retention. British Journal of Nutrition
75, 195–204.

Giloh M, Shinder D and Yahav S 2012. Skin surface temperature of broiler
chickens is correlated to body core temperature and is indicative of their
thermoregulatory status. Poultry Science 91, 175–188.

Grau A, Codony R, Grimpa S, Baucells MD and Guardiola F 2001. Cholesterol
oxidation in frozen dark chicken meat: influence of dietary fat source, and
α-tocopherol and ascorbic acid supplementation. Meat Science 57, 197–208.

Hamm R 1960. Biochemistry of meat hydratation. Advances in Food Research
Cleveland 10, 435–443.

Hazigawa Y, Kubota M, Kadowaki M and Fujimura S 2013. Effect of
dietary vitamin E on broiler meat qualities, color, water-holding capacity
and shear force value, under heat stress conditions. Animal Science Journal 84,
732–736.

Honikel KO 1987. The water binding of meat. Fleischwirtschaft 67, 1098–1102.

Imik H, Ozlu H, Gumus R, Aydemir-Ataserver M, Urcar S and Atasever M 2012.
Effects of ascorbic acid and α-lipoic acid on performance and meat quality of
broilers subjected to heat stress. British Poultry Science 53, 800–808.

Kelly CF and Bond TE 1971. Bioclimatic factors and their measurement. In
National Academy of Sciences A guide to environmental research on animals,
NAS, Washington, DC, USA.

Kutlu HR and Forbes JM 1993. Changes in growth and blood parameters in heat
stressed broiler chicks in response to dietary ascorbic acid. Livestock Production
Science 36, 335–350.

Lanari MC, Hewavitharana AK, Becu C and De Jong S 2004. Effect of dietary
tocopherols and tocotrienols on the antioxidant status and lipid stability of
chicken. Meat Science 68, 155–162.

Lara LJ and Rostagno MH 2013. Impact of heat stress on poultry production.
Animals 3, 356–369.

Lauridsen C, Buckey DJ and Morrisey PA 1997. Influence of dietary fat and
vitamin E supplementation on α-tocopherol levels and fatty acid profiles in
chicken muscle membrane fractions and on susceptibility to lipid peroxidation.
Meat Science 46, 9–22.

Lehninger AL, Nelson DL and Cox MM 2008. Principles of biochemistry, 5th
edition. W. H. Freeman and Company, New York, USA.

Lu Q, Wen J and Zhang H 2007. Effect of chronic heat exposure on fat deposition
and meat quality in two genetic types of chicken. Poultry Science 86, 1059–1064.

Macari M, Furlan RL and Gonzales E 2002. Fisiologia aviária aplicada a frangos
de corte, 2nd edition. Jaboticabal: Fundação de Estudos e Pesquisas em
Agronomia, Medicina Veterinária e Zootecnia – FUNEP, São Paulo, Brazil.

Mager WH and De Kruijff AJ 1995. Stress-induced transcriptional activation.
Microbiological Reviews 59, 506–531.

Maini S, Rastogi SK, Korde JP, Madan AK and Shukla SK 2007. Evaluation of
oxidative stress and its amelioration through certain antioxidants in broilers
during summer. The Journal of Poultry Science 44, 339–347.

Mancini RA and Hunt MC 2005. Current research in meat color. Meat Science
71, 100–121.

McKee S 2003. Muscle fiber types in broilers and their relationship to meat
quality. Retrieved August 27, 2014, from http://www.poultryscience.org/docs/
pba/1952-2003/2003/2003%20McKee.pdf

Mckee SR and Sams AR 1997. The effect of seasonal heat stress on rigor
development and the incidence of pale, exudative turkey meat. Poultry Science
76, 1616–1620.

Müller PB 1989. Bioclimatologia aplicada aos animais domésticos, 3rd edition.
Editora Sulina, Porto Alegre, RS, Brazil.

National Research Council 1994. Nutrient requirements of poultry, 9th edition.
National Academy of Science Press, Washington, DC, USA.

Niu ZY, Liu FZ, Yan QL and Li WC 2009. Effects of different levels of vitamin E on
growth performance and immune responses of broilers under heat stress.
Poultry Science 88, 2101–2107.

Njoku PC 1986. Effect of dietary ascorbic acid (vitamin C) supplementation on
the performance of broiler chickens in a tropical environment. Animal Feed
Science and Technology 16, 17–24.

Renaudeau D, Collin A, Yahav S, De Basilio V, Gourdine JL and Collier RJ 2012.
Adaptation to hot climate and strategies to alleviate heat stress in livestock
production. Animal 6, 707–728.

Rostagno HS, Albino LFT, Donzele JL, Gomes PC, De Oliveira RF, Lopes DC,
Ferreira AS and Barreto SLT 2005. Tabelas brasileiras para aves e suínos:
composição de alimentos e exigências nutricionais, 2nd edition. UFV, Viçosa,
MG, Brazil.

Ruiz-Feria CA 2009. Concurrent supplementation of arginine, vitamin E, and
vitamin C improve cardiopulmonary performance in broilers chickens. Poultry
Science 88, 526–535.

Rutz F 2002. Absorção de vitaminas. In Fisiologia aviária aplicada a frangos de
corte (2nd edition, eds M Macari, RL Furlan and E Gonzales), pp. 149–165.
Fundação de Estudos e Pesquisas em Agronomia, Medicina Veterinária e
Zootecnia, Jaboticabal, SP, Brazil.

Sahin K, Sahin N, Onderci M, Yaralioglu S and Kucuk O 2001. Protective role of
supplemental vitamin E on lipid peroxidation, vitamins E, A and some mineral
concentrations of broilers reared under heat stress. Veterinary Medicine – Czech
46, 140–144.

SAS 2003. User’s guide (release 9.1.3 Service Pack 2). SAS Institute Incorporation,
Cary, NC, USA.

Tamehiro CY, Murakami AE, Brito BG, Tagliari KC, Sakamoto MI and Souza LMG
2005. Níveis de vitamina E na dieta de codornas japonesas (Coturnix coturnix
japonica) sobre a resposta celular após inoculação com Escherichia coli.

Zeferino, Komiyama, Pelícia, Fascina, Aoyagi, Coutinho, Sartori and Moura

170

http://www.poultryscience.org/docs/pba/1952-2003�/�2003/2003%20McKee.pdf
http://www.poultryscience.org/docs/pba/1952-2003�/�2003/2003%20McKee.pdf


In Conferência APINCO 2005 de Ciência e Tecnologia Avícolas, 218. Revista Brasi-
leira de Cìência Avícola. FACTA, Campinas, SP, Brazil.

Teeter R, Beker A, Brown C, Broussard C, Newman L and Ward N 2009. Production
and managerial considerations influencing the caloric efficiency of growing broilers.
Retrieved June 11, 2015, from http://www.thepoultryfederation.com/public/
userfiles/files/Teeter_Production%20and%20managerial%20considerations%
20influencing%20the%20caloric%20efficiency%20of%20growing%20broilers_
abstract.pdf

Temim S, Chagneau AM, Peresson R and Tesseraud S 2000. Chronic heat
exposure alters protein turnover of three different skeletal muscles in finishing
broiler chickens fed 20 or 25% protein diets. Journal of Nutrition 130, 813–819.

Van Laack RLJM, Liu CH, Smith MO and Loveday HD 2000. Characteristics of
pale, soft, exudative broiler breast meat. Poultry Science 79, 1057–1061.

Yahav S 2009. Alleviating heat stress in domestic fowl: different strategies.
World’s Poultry Science Journal 65, 719–732.

Zhang Y, Shan A, Jiang W, Bi C and Li Z 2013. The effect of vitamin E on growth
performance and meat quality in broilers given diets containing distillers’ dried
grain with solubles (DDGS). British Poultry Science 54, 138–143.

Zhang ZY, Jia GQ, Zuo JJ, Zhang Y, Lei J, Ren L and Feng DY 2012. Effects of
constant and cyclic heat stress on muscle metabolism and meat quality of broiler
breast fillet and thigh meat. Poultry Science 91, 2931–2937.

Carcass and meat of chicks fed vitamins under heat stress

171

http://www.thepoultryfederation.com/public/userfiles/files/Teeter_Production%20and%20managerial%20considerations%20influencing%20the%20caloric%20efficiency%20of%20growing%20broilers_abstract.pdf
http://www.thepoultryfederation.com/public/userfiles/files/Teeter_Production%20and%20managerial%20considerations%20influencing%20the%20caloric%20efficiency%20of%20growing%20broilers_abstract.pdf
http://www.thepoultryfederation.com/public/userfiles/files/Teeter_Production%20and%20managerial%20considerations%20influencing%20the%20caloric%20efficiency%20of%20growing%20broilers_abstract.pdf
http://www.thepoultryfederation.com/public/userfiles/files/Teeter_Production%20and%20managerial%20considerations%20influencing%20the%20caloric%20efficiency%20of%20growing%20broilers_abstract.pdf

	Carcass and meat quality traits of chickens fed diets concurrently supplemented with vitamins C and E under constant heat�stress
	Implications
	Introduction
	Material and methods
	Animals and experimental design

	Table 1Ambient temperatures and relative humidity in the two chambers during the pre-experimental�period
	Evaluation of performance and of carcass and organs traits
	Meat physical quality evaluation

	Figure 1Average daily ambient temperature (Ta) and temperature humidity index (THI) in the thermoneutral and heat stress chambers from 28 to 42�days.
	Statistical analyses

	Results
	Performance, carcass and organs yield

	Figure 2Average cloacal and skin surface temperatures in broiler chickens according to diet supplementation and ambient temperature from 28 to 35�days (upper panel) and from 36 to 42�days (lower panel).
	Physical meat quality

	Table 2Effect of diet supplementation with vitamins C and E and ambient temperature on the performance of broiler chickens from 28 to 42�days
	Table 3Effect of diet supplementation with vitamins C and E and ambient temperature on carcass traits of broiler chickens
	Discussion
	Table 4Effect of diet supplementation with vitamins C and E and ambient temperature on breast meat quality traits of broiler chickens
	Conclusion
	Acknowledgments
	ACKNOWLEDGEMENTS
	References


