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Influence of Dietary Vitamin E and C Supplementation on Performance and Some
Metabolic Response of Broiler Chicks Subjected to Heat Stress
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Abstract: A total number of 405 one- day- old commercial Arbor Acer chicks were used to determine if the
negative effects of high ambient temperature (42°C for 3 consecutive days, 8h daily at 40 day of age) on broiler
growth performance, some physiological responses and digestibility of nutrients could- be alleviated by thermal
conditioning (birds were subjected to heat stress (HS) treatment, 42°C for three consecutive days at 5 or 28 days
of age, 65%- 70% RH), Supplementing vitamin C (1g/I. water), vitamin E (65 TU/L water) or by supplemental
dietary vitamins C or E in combination with the thermal conditioning. The results obtained indicated that heat
tress negatively affected body weight (BW), body weight gain (BWG), feed mtake (FI), feed conversion (FC)
(g food/g weight gamn) and digestibility of CF, CP, NFE and OM. Heat stress highly sigmficantly increased body
temperature and mortality rate. Birds subjected to heat stress twice throughout the experiment at 28 and 40 days
of age significantly decreased serum (Triglyceride, AST, ALT and Glucose) concentration and significantly
mcreased serum A/G ratio concentration as compared to those subjected to HS ones at 40 days of age. But no
significant differences were observed between two groups, with respect to serum (Total protemn, Albumen,
Globulin, Cholesterol, T, T, and T./T, ratio) concentration. Exposure of broilers to high temperature (42°C for
8h) at 40 days if age resulted in decrease BE, BWG, FI, FC and increased rectal temperature regardless of
previous high temperature exposure. Early acclimation significantly deceased mortality rate and improved the
efficiency of feed conversion and increased digestibility of nutrients. Vitamin C or E supplementation
antagonized the effect of HS, in this respect, vitamin C seemed to be wore potent than vit. E. Both of two
vitamins alleviated the negative effect resulting due to HS by increased serum total protein concentration and
decreased feed consumption and significantly reduced T, level. It can be concluded that early acclimation,
vitaming C or E supplementation and combination between vitaming C or E and acclimation were very effective
in ameliorating the adverse effect of heat stress.

Key words: Heat stress + Vitamin E - Ascorbic acid - Broilers + Performance

INTRODUCTION

High ambient temperature is one of the most
mmportant problems for poultry productions not occur
only 1n tropic and sub-tropic countries. It also occurs in
temperate

countries including Egypt when peak

temperatures during summer months can produce
environmental problems mn well insulated poultry houses.
Large economic losses occur because such as of mortality
At high ambient

temperature, growth decreases as a result of the reduced

rate and decreased production.

appetite, food itake and respiratory rate increases,

causing respiratory alkalosis [1]High envirormmental
temperatures have adverse impact on the production and
physiological responses of broiler [2-6]. Environmental
stressed poultty generally have depressed mmmune
function [7]. Several methods are available to alleviate the
effect of high environmental temperature on productive
performance of poultry. Since it is expensive to cool
animal buildings such methods are focused mostly on the
dietary manipulation [8]. In this respect, Vitamin E (Vit. E)
is used in the poultry diet because of the reported
benefits of vit. E supplementation to laying hens during
heat stress [9-11] also because of the fact that vit. E levels
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are reduced during heat stress [8]. Also, poultry cannot
synthesize vit. E, therefore, vit. B requirements must be
met from dietary sources [12]. One of the most important
properties of wvit E its  antioxidant function
[13].Supplemental vit. E during heat stress may well be

1s

beneficial in aiding the optimum function of the immune
system [14].

Dietary supplementation of laying hens with
antioxidant vitaming (vit. E and vit.C or a combination
of the both compounds) can attenuate heat stress
mnduced oxidative damage [15]. Mot ef al. [16] found
that dietary supplementation of laying hens with
antioxidant vitaming (vitamin E or vitamin C), probiotics
or yeast during heat stress conditions can improve the
mmmune response of birds and can leads to improve
performance and egg quality. Supplemental Arginine
pulmonary vascular performance of
hypoxic broiler chickens and its effects were
further improved by the addition of the antioxidant VE
and vit. C. Arginine and antioxidant vitamins may have
played synergistic roles to increase NO biocavailability

improved the

and reduce oxidative stress damage, thus improving
cardiopulmonary performance [17].Improved performance
of AA-supplemented, heat-exposed broiler chickens
has been shown to correspond with lower plasma
[18].
characteristics and immune function of heat-stressed

corticosterone  concentrations Performance
poultry have been shown to be mmproved sigmificantly by
increased fortification of vit. C [19]. Heat tolerance can be
increased by acclimation chickens can be acclimated to
some degree by reported short exposures to heat
stress [20]. Prior exposure (PE) to high environmental
temperatures confers a measure of resistance to
subsequent exposure (SE) to high temperatures. This has
been reported as acclimation when SE closely follows PE
[21]. Therefore, the objectives of the present study are to
determine:

The adverse effects of heat stress on performance,
physiological responses and rate of digestion of broiler

chicks.

Table 1: The experimental design.

Some methods to alleviate the adverse effects of
heat stress. Supplementation of vit. E (65Tw/l.) or vit.
C (g/L), early acclimation (exposed broiler chicks to heat
stress 42°C for 3 consecutive,8 b/ daily days at 5 days of
age or combinations between vit.(E or C) and early
acclimation

MATERIALS AND METHODS

A total of four hundreds and five unsexed one day
old broiler chicks (Arbor acres) were used m this work.
Chicks were randomly assigned to nine treatment groups,
(3 replicates) of 45 birds each. The experiment design is
shown in Table 1. The birds randomly received either a
basal diet (threatmented groups, 7, 8, 9), basal diet
supplemented with vit. E (dl-g¢-tocopherol acetate 65 Tu/l
(treatmented groups, 4, 5, 6), or basal diet supplemented
with vitamin C (gm/], treatmented groups, 1, 2, 3). The
birds were fed a starter diet until 21d of age followed by a
finishing diet from day 21 to 42.at 5d of age treatmented
groups (1.4, 7) were exposed to heat stress 42¢ and 65 to
70 % RH for 3 consecutive days, 8 h/daily. At28 d of age
treatmented groups (2, 5, 8) were subjected to the same
heat stress treatments. At later of age 42 d all birds were
exposed to the same heat stress treatments. Ingredients
and chemical composition of the starter and finishing
diets are shown i Table 2. The basal diets were
formulated using NRC [22] contamned 23-20.06 % (starter-
finishing) protein and 3160-3200.7 (starter- finishing) ME,

k.cal/kg diet.
The diets and fresh water were offered ad-libitium.
During the experiment, light was provided

continuously(24 hours) and average room temperature
was (32 to 35°C) at one day age then reduced by 3°C per
week umt reached to the normal ambient envirormental
temperature ( 27-29°C). At weekly mtervals, feed mntake
and body weight were determined, weight gain and feed
efficiency of birds were then calculated. Deep body
temperature recorded by digital thermometer by means of
thermister probe inserted approximately 3 cm imto

Treatmented group

Vit.C Vit E Non-Vit. Treatment day high temperature Temperature (Ta)  Temperature humidity (rh) Duration
1 4 7 5, 6 and 7 in addition 40, 41 and 42 42°C 65- 70% 8h/ day
2 5 8 28, 29 and 30 in addition 40, 41 and 42 42°C 65- 70% 8h/ day
3 & 9 40, 41 and 42 42°C 65- 70% 8h/ day
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Table 2: Composition and calculated analysis of the used ration.
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Ingredients Starter Finisher.
Yellow Comn. 543 63.9
Soybean (44%CP). 29.6 21
Broiler concentrate (52% CP) 10 10
Plant oil. 5 4
Lime stone 0.47 0.47
Common slat 03 0.3
Primex* 03 0.3
Methonine. 0.03 0.03
Total 100%0 100%0
Calculated analysis®

- M. E (K. cal/Kg. diet) 3160.33 3200.65
-CP % 23 20.063
- Calory: protein ratio 137.4 159.53
- Ca % (calcium %) 0.9744 0.9198
- P % (available phosphorus 90) 0.4847 0.471

- Meth % (methionine %) 0.4719 0.364

* Vitamins and minerals premix were free from folic acid: each kg contains vit A 12000 Iu, vit.D3 3000 Iu, vit. E 12 mg, vit. K 1mg, vit B12 0.02mg, vit

Bl lmg, vit B2 4mg, vit B6 5mg, Nicotinic acid 20 mg, Biotin 0.05 mg, Choline chloride 0.16 mg, cupper 3 mg, iron 30 mg, manganese 40 mg,.zinc 45

mg and selenium 3 mg..
#* According to N.R.C.[22]

the cloacae for 1 min. At the end of day 42, 9 birds
randomly chosen from each treatment (3 birds per each
replicate) were slaughtered and 5 ml blood was collected
two blood samples were taken at every slaughter
mdividually collected. One was taken up m heparinsed
capillary tubes for hematocrit measurements. Another one
collected to separate serum which kept at- 20°C 1n deep
freeze until used for hormones and biochemical estimates.
Triodothyromine (T,) and thyroxin (T ) cpncentration
(ng/ml serum) was determined by using stat fax. 2100.
Serum total protein, Triglyceride, Albumen, serum
aspartate aminotransferase (SAST), serum alamne
aminotransferase (SALT), Glucose diagnostic kits by
Analyzer Au 400 (Olympus Au 400).

Digestion traits were conducted at 45® day of age to
estimate the digestion coefficients and nitrogen retention
of the experimental diets. Total number of 270 clucks,
10 chicks for each replicate. Feeds and fresh water were
offered ad libitum during 3 days collection period. The
feed consumption was recorded and the excreta, which fall
on polyethylene sheets, were collected quantitatively
every 24 hours. Feathers and scattered feed were
separated or taken out of excreta. The excreta of each
replicate were dried at 60°C constant weight. The dried
excreta for successive three days were left few hours to
get equulibrium with it in the atmosphere then weighted,
ground, well mixed and stored for analysis. The analysis
of feed., ash, mtrogen, ether extract, crude fiber and
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nitrogen free extract according to A. O.A.C [23]. Fecal
nitrogen and fecal protemn was determined according to
Takobson et al. [24]. Data were analyzed according to SAS
program [25], by the application of the least square
procedure.

RESULTS AND DISCUSSION

Body Weight and Body Weight Gain: Results concermng
BW and BWG records of broiler chicks as influenced by
heat stress treatments and supplemental dietary vitamin
C or E are presented in Tables 3 and 4, respectively.
Regarding the effect of HS treatments on BW and BWG
result obtained clearly showed that exposure of chicks to
HS treatment early at the age of 5 days resulted in
decreased BW and BWQG during first two weeks of age.
However, birds quickly restored their growth efficiency
and by the end of five week were almost equal to (HS,)
chicks and recorded even higher BW gain than those of
(HS,) group. The superiority of (HS,) chicks in BWG was
also noticed during the periods (3- 5) and (5- 6). Sunilarly,
Arjona et al. [21] who reported that early heat stress (35°
to 37.8°C for 24 h at 5-d of age) decreased significantly
body weight until day 28 of age by 42 days of age, no
significant differences remained between control and early
heat-stressed birds m body weight. Also, Yahav and
Hurwitz [20], Yahav et al [26] and Yahav and 1. Plavnik
[27] reported that thermal conditiomng (TC) at an early
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Table 3: The effect of vitamin treatments, heat stress and their interactions on body weight (g) during different periods.

Group Treatments 1wk 2wk 3wk Swk 6wk
1 C-HS, 154.442.1 388.945.7 737.4£10.17 1245.5+18.6 1788.9+£29.8
2 C-HS; 163.54£2.2 409.6£5.7 764.9+10.5% 1243.7£19.5 1767.3£30.9
3 C-HS; 162.74£2.1 407.24£5.9 751.7£0.94P 1257.3+£18.4 1839.0+£28.9
4 E-HS, 157.54£2.2 407.6£5.8 758.7£10.34P 1249.9419.1 1853.4+£30.2
5 E-HS, 167.54£2.2 419.5£5.8 768.7+10.2% 1245.5419.1 1774.1£30.6
6 E-HS; 166.0+2.2 427.245.8 768.8£10.2% 1263.9+18.8 1836.3+£31.3
7 HS, 147.3+£2.1 387.7+5.7 726.6+15.12 1213.2+18.8 1809.8+30.6
8 HS, 162.9+£2.1 409.6+5.7 T49.7£10. 4B 1210.7+20.8 1734.5+33.6
9 HS; 158.9+2.1 418.0+£5.7 758.7£10.148 1252.1+18.8 1819.0+£33.1
Vitamin treatments

C 160.241.2% 401.943 .37 751.3£5.98 1248.8+10.9 1798.4£17.3

E 163.7+1.3* 418.1+£3.4% 765.4+5.94 1253.1+10.9 1821.3+17.7

Unsuppl. 156.44+1.28 405.143.3" 745.0£5.88 1225.34£11.3 1787.8+18.7
Heat stress

HS, 153.1+1.28 394,743,380 740.9+5.9 1236.2+10.9 1817.4x17.9

HS, 164.6+1.34 412.943 44 761.1+5.9 1233.3+11.4 1758.6+18.3

HS; 162.5+1.24 417.543.34 759.7+5.8 1257.8+10.8 1831.4x17.9

A and B Means within the same column having different letters are significantly different (P< 0.05), HS,= Heat stress (42°C for 3 consecutive days, 8 h/daily
at 5 and 40 day of age), HS,= Heat stress (42°C for consecutive 3 days, 8 h/daily at 28 and 40 day of age),HS +— Heat stress (42°C for consecutive 3 days, 8
h/daily at 40 day of age), C= Vitamin C (1g/ liter) E= Vitamin E (65 TU), Unsuppl.= no vit. supplementation NS=Non- significant.

Table 4: The effect of vitamin treatments, heat stress and their interactions on body weight gain (g/ bird / period) during different periods.

Periods

Group Treatments 0- 1wk 1- 2wk 2-3wk 3- 5wk 5-6wk Total
1 C-HS, 102.741.9 234.544.6 3485471 508.1+£13.9* 543.4+19.4% 1737.2
2 C-HS, 113.841.9 246.144.5 355.346.9 478.8+14.6° 523.6+20.1° 1717.6
3 C-HS, 114.641.8 244,544 4 344.5+6.9 505.6x14.6% 581.7+18.7°8 1790.9
4 E-HS, 106.241.9 250.1+4.5 351.147.2 491.2+14.358 603.5+19.6* 1802.1
5 E-HS3, 116.0+1.9 259.2+4.5 349.2+7.1 476.8+14.32 528.6+19.9¢ 1729.8
6 E-HS; 1151+1.9 261.2+4.5 341.6+7.1 495.1+14.148 572.4+20. 448 1785.4
7 HS,; 97.4+1.9 240.4+4.5 3389+7.1 486.6+14.1 42 596.6+19.94 1759.9
8 HS, 111.5+1.9 246.7+4.5 3401+7.1 461.0+15.6% 523.8+21.9¢ 1683.1
9 HS; 107.4+1.9 259.1+4.5 340.7+7.1 403.4+£14.148 566.5+21.5580 1767.5
Vitamin treatments

C 110.441.1% 241.7+4.1¢ 3494441 497.548.2 549.6+11.2 1748.6

E 11244114 256.8+4.1% 3473441 487.748.2 568.2+11.5 17724

Unsuppl. 105.4+1.17 248.7+4.1% 339.944.1 480.3+8.5 562.4£11.2 1736.8
Heat stress

HS,; 102.1+1.18 241.7+2.68 346.2+4.1 495.3+8.24 581.2+11.4% 1766.4

HS, 113.8+1.14 250.7+£2.64 3482441 472.2+8.6° 525.3+11.98 1710.2

HS; 112.4+£1.1* 254,042 6% 3423441 498.0+8.1* 573.7+11.7% 1781.3

A, B, C and D Means within the same column having different letters are significantly different (P< 0.03).

age has been reported to result in reduced sigmificantly
body weight and weight gain during the 1st week of life.
Complete growth and compensation was obtained by the
2™ week of age.

In case of HS, treatment, it was observed that
exposure of birds to heat stress twice during the last two
weeks resulted in significantly lower BW gain during the
last week and consequently less, but msignificantly, final
BW records. All previous workers generally reported that
subjecting broiler chicks to either acute or chromc heat
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stress depressed BW and BWQ especially between 4
and 8 weeks of age. The growth rate of 4-to8 Wk old
at
temperature of 18° to 20°C [28] and declines progressively
at higher temperatures [3-6, 29-31]. Results show no
significant effects of either vit. C or vit. E was observed
on BW and BWG although vitamin E-treated
groups showed higher BWG than anther groups.
Total BW and BWG were not affected by vitamins X heat
stress 1nteraction. The same result was obtained by

broiler chickens 1s maxmmal envirommental
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Table 5: Effect of vitamin treatments, heat stress and their interactions on feed consumption (g / bird / period) during ditferent periods.

Periods
Group Treatments 0-1wk 1- 2wk 2-3wk 3- 5wk 5-6wk 0-6wk
1 C-HS, 144.5 338.9 466.78 910.0 1397.0 32571
2 C-HS; 151.1 333.4 471.78 932.3 1466.3 3354.8
3 C-HS,; 152.2 342.2 475.62 933.1 1511.9 3415.0
4 E-HS, 144.4 353.5 484 842 950.3 1478.6 3411.6
5 E-HS; 153.3 351.7 485.9% 917.4 1526.1 34384
6 E-HS; 156.8 357.0 488.94 922.9 1581.7 3507.3
7 HS, 144.4 345.5 484,848 959.7 1567.1 3501.5
8 HS, 154.6 348.9 490,94 944.0 1548.5 3486.9
9 HS, 153.3 352.2 486.6* 1008.9 1600.9 3601.9
SEM * 1.8 7.9 6.3 41.69 52.7 78.4
Vitamin treatment
C 1493 338.2 471.38 925.1® 1458.47 334238
E 151.5 354.1 487.9% 930.28 1528.8% 345247
Unsuppl. 150.8 348.9 487.44 970.94 1572.2.% 3530.14
Heat stress
HS, 144.47 345.9 478.8 940,08 1480.9% 3390.1%
HS, 153.0% 344.7 484.2 931.23 1513.6° 3426.78
HS; 154.14 350.5 483.7 955.04 1564.8% 3508.14
A and B Means within the same column having different letters are significantly different (P< 0.05).
Table 6: Effect of vitamin treatments, heat stress and their interactions on feed conversion (g food/g weight gain) during different periods.
Periods
Group Treatments 0-1wk 1- 2wk 2-3wk 3- 5wk 5-6wk 0-6wk
1 C-HS, 1.418¢ 1.45 1.348 1.79° 2.57 1.87
2 C-HS; 1.33% 1.35 1.33% 1.954B 2.80 1.95
3 C-HS; 1.33% 1.40 1.38% 1.85 2.60 1.90
4 E-HS,; 1.365F 1.41 1.38% 1.9348 2.45 1.89
5 E-HS; 1.32% 1.36 1.40%2 1.9248 2.89 1.99
6 E-HS; 1.365F 1.37 1.43% 1.86° 2.76 1.96
7 HS, 1.48* 1.44 1.43% 1.9748 2.63 1.99
8 HS, 1.39°° 1.41 1.44% 2.05" 2.96 2.07
9 HS, 1.43% 1.36 1434 2,044 2.82 2.04
SEM * 0.01 0.04 0.05 0.06 0.14 0.03
Vitamin treatment
C 1.36° 1.40 1.358 1.86° 2.66° 1.91%
E 1.358 1.38 1.40% 1.90° 2.70%8 1.958
Unsuppl. 1.43% 1.40 1.43% 2.02% 2.80% 2.03%
Heat stress
HS, 1.424 1.43% 1.38 1.908 2.558 1.928
HS, 1.358 1.378 1.39 1.97% 2.88% 2.00%
HS; 137 1.385 1.41 1.928 2.7348 1.974B

A, B, C and D Means within the same column having different letters are significantly different (P< 0.05).

Mckee et al. [32] and Xiang e al. [33] who reported that
no significant effects of vitamm C was observed on
weight gains of broiler chicks subjected to heat stress.
Incase vit. E, studies on meat quality do not indicate that
additional vitamin E, at concentrations up to 60 mg/kg
diet, improved weight gain [34].On the other hand, Sahin
et al. [8] found that a 250 mg/kg of vitamin E reducing the
negative effects of heat stress (32°C constant) as
mcreasing live body weight gain.
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Feed Consumption and Efficiency of Feed Utilization:
Average amounts of feed comsumed and efficiency of
feed utilization per bird during two periods as influenced
by heat stress treatments and supplemental dietary
vitamins are shown m Tables 5 and 6. It seems that
subjecting birds to heat stress reduced insignificantly
feed consumption and efficiency of feed utilization during
first period (0-3 wk) and significantly reduced feed
consumption during second period (3-6 wk).
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Table 7: The effect of vitamin treatments, heat stress and their interactions on nutrients digestibility at 45 days of age.

Group Treatments CP CF EE NFE oM
1 C-HS, 96.74+0.73 30.12+3.304 79.76+3.34% 77.09+2.56% 80.65+1.974
2 C-HS, 95.45+0.73 15.7943.305D T2.64£3.34%8 68.81+2.56°° 74.96+1 974
3 C-HS, 95.43+0.73 21.40+3.3045C 70.33£3.34%50 66.25+2.56° 72.48+1.07%¢
4 E-HS, 94.34+0.73 18.54=+3.30%°0 65.99+3, 34PCTE 64.60+2. 567 70.77+1.97¢
5 E-HS, 94.75+0.73 12.47+3.30P 61.3743.34°PF 65.29+2.56° 70.45+1.97°
6 E-HS: 96.09+0.73 25.51+3.3048 67.36+3. 34PCTE 75.21+2. 5648 78.06=1.974
7 Hs, 95.47+0.73 13.76+3.30°0 58.40+3.34F 62.98+2.56° 69.15+1.97°
8 Hs, 94.35+0.73 9.80+3.30° 71.0243. 34456 63.14+2.56° 70.80:1.97¢
9 HS, 94.78+0.73 13.86+3.30°0 59.66+3.347F 61.85+2.56° 68.54+1.97¢
Vitamin treatment

c 95.87+0.42 22.44+1.904 74.24+1.93% 70.72+1.475 76.03+1.14%

E 95.06+0.42 18.84=+1.904 64.91+1.932 68.37+1.474 73.00+1.144

Unsuppl. 94.87+0.42 12.47+1.908 63.03=1.932 62.66+1.478 69.50=1.142
Heat stress

Hs, 95.52+0.42 20.81+1.90" 68.05+1.93 68.22+1.47 73.5241.14

HS, 94.85+0.42 12.69+1.90% 68.34+1.93 65.75+1.47 72.07+1.14

Hs, 95.43+0.42 20.26+1.90% 65.78+1.93 67.77+1.47 73.03+1.14

A, B, C and D Means within the same column having different letters are significantly different (P< 0.05).

Numerous investigations have shown that feed
consumption and efficiency of feed utilization of the
domestic fowl are greatly affected by ambient
environment temperature. According NRC [22] broiler feed
mtake will be depressed by about 1.5% for each raise
of 1C° above thermoneutral. Other studies, Kadim et al.
[4], Roussan ef al. [5], Thsan et al. [6], Tollba and Hassan
[31] and El-Moslimany [35] reported that Igh
environmental temperature depressed feed consumption
efficiency of feed utilization of birds. Birds that received
no supplemental vitamins consumed significantly more
food than those given supplemental vit. C or E. Besides,
C  groups food than their

corresponding vitamin E groups. Supplemented dietary

vit. consumed less
vitammms C or E were found to cause significant
improvement in efficiency of feed utilization during the
periods but vitamms C was slightly better than vitamins
E. Similarly, [33] found that vit. C supplementation
(500 mg/kg diet of broiler chicks) reduced feed mtake from
5 to 6 week of age. Also, El-Gabeary [36] and Attia et al.
[37] reported that through the hot summer of HEgyptian
using 400 mg ascorbic acid/kg diet was enough to get the
best performance and economical efficiency. In case
of vitamin E, the same result was nearly obtained by
Swain et al [38] who reported that chicks given
supplementary vitamin E consumed significantly less food
and best efficiency of food utilization than those fed the
basal diet. Somehow vit. E supplementation might have
helped broilers to respond to heat stress, yielching a
better performance, perhaps due to increased heat shock
proteins (Hsp) synthesis. Also, serum concentration of T,
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and T, were greater with greater result could have been
due to negative effects of heat stress [&].

Nutrients Digestibility: Digestion coefficients of the
experimental treatments are shown in Table 7. The results
indicated that crude protein (CP) digestibility of
experimental birds was not significantly affected by
different treatments. Treating chickens with heat without
vit. addition caused obvious decrease in CF, EE, NFE and
digestibality.

Concernming the overall mean data of effects of the
tested vitamins and heat stress programs on nutrients
digestibility, it 1s clear that neither the added vitamins nor
heat stress treatments had significant effects on CP
digestibility. Vit. C supplementation tented to enhance CF,
EE, NFE and OM digestibility compared to vitamin E
supplementation. Furthermore, both vitamins significantly
enhanced these digestibility values compared to the
unsupplemented birds. Several researches reported that
heat stress have negative effects on nutrients digestibility
of broiler chicks [3%], while, Sahin et al. [8] reported that
the decrease in nutrients digestibility caused by heat
exposure can be elevated by supplemental vitamin E.
Also, Sahin and Kucuk [39] reported that digestibility of
mutrients (DM, OM, CP and EE) were higher with a
combination of dietary vit. C and vitamin E in Japanese
quails reared under chromc heat stress. In addition, AL-
Homidan [40] reported that raising broiler chicks in hot
climate (up to 25°C) during 5 to 7 weeks of age had
negative effect on productive performance which can be
prevented by using 250mg vit C/ liter of drinking
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Table 8: Effect of vitamin treatments, heat stress and their interaction on body temperature before and after heat stress during different ages.

Age
5 day 28 day 42 day
Group Treatments BRefore After Betore After Betore After
1 CHS 1 40378 ®41.79% 41.25 (av.) 41.38% 42,024
4 EHS 1 40.38° *41.854 41.67 (av.) 41.518 b 227 4
7 HS 1 40438 42,26 4 41.66 (av.) 41.45% 42,454
General mean of HS1 40.39 41.97 41.53 41.45 42.25
SEM* 0.07 0.08 0.09 0.09 0.09
2 CHS 2 40.83 (av.) 41.33°P £42.284 41367 B4213 %
5 EHS 2 40.86 (av.) 41.308 42,674 41.533 w4232 4
8 HS2 40.88 (av.) 41.398 242,86 4 41.598 242,404
General mean of HS2 40.72 41.34 42.60 41.49
SEM* 0.08 0.09 0.09 0.08
3 CHS 3 40.78 (av.) 41.51 (av.) 41.478 bed2.1248
6 EHS 3 40.86 (av.) 41.59 (av.) 41.607 42 27 4
9 HS 3 40.84 (av.) 41.68 (av.) 41.643 42,674
General mean of HS3 40.83 41.59 41.57
SEM* 0.09 0.09 0.08
Vitamin treatment
C - - - 41408 42,094
E - - - 41.54® v42.284
Unsuppl. - - - 41.61% 2,524
SEM* - - - 0.04 0.07

Shaded columns refer to the incidence of HS at this age, meanwhile unshaded records represent the averages of normal body temperature at this age, A, B, C

and D Means within the same column having different letters are significantly different (P< 0.05).

Body Temperature: Records Rectal temperature (Rt) of
birds in the different experimental group throughout the
experiment before and after exposure to heat stress are
shown in Table 8. Subjecting birds to Hs treatment at
different ages caused a sigmficant increase in birds Rt.
The merease i body temperature n response to high
environmental was reported by El-Nabarawy [41] they
reported that rectal temperature 1s a good indicator of heat
stress. The results was consistent with those of Yahav
and Hurwitz [20] and Yahav and I. Plavmk [27] who noted
that cloacal temperature of the broiler chicks increased
significantly the end of a 24-h exposure to heat (36°+ 1C°)
during the 1 St wk of live. Other studies, Yahav et al. [26],
El-Moslimany [35], El-Gendy and Washbum [42], Altan et
al. [43] and Sandercock et al. [44] suggesting that
exposing birds to heat stress at later age resulted in
significant m body temperature. Body
temperature increased as the age increased both m control
as well as broilers under HS. The same result was
obtamed m broiler chicks by Sandercock et al. [44] and in
quails by El-Nabarawy [41] who found that deep-body

merease

temperature increased as the age mcreased. Exposure of
birds to HS at early ages (5 or 28 days) did not make birds
more capable of overcoming heat shocks later. Birds of
HS, did not suffer hyperthermia more than their partners
which previously experienced exposure to heat stress.
The result was consistent with those of Arjona et al. [45]
and Altan et al. [43], who noted that exposure of broilers
to high temperature at later of age resulted m an increase
inRT regardless of previous high temperature experience.
Supplemental dietary vitamins showed a significantly
positive effect and made birds more capable of facing HS
conditions and conserving their body temperature as it
reduced the relative change in therr Rt. In this respect
vitamin C showed detectably better effect than vit. E.
these results nearly similar to that obtamned by El-
Moslimany [35], who demonstrated that supplementation
of vit. C a limited body temperature in crease during the
peried of elevated environmental temperature. Also the
vit. C increases the activity of chicks body and metabolic
function therefore mcrease m efficiency of body
temperature balance [46].
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Table 9: Effect of vitamin treatments, heat stress and their interactions on mortality %6 during different periods.

Group Treatments M1% (1- 39 day) M2% (39- 12 day) M3 (1- 42 day)
1 C-HS, 0.00+4.32 6.67+6.574 6.67+6.92
2 C-HS, 4.44+4.32 3.3346.57° 7.78+6.92
3 C-HS; 2.22+4.32 6.67+6.57° 8.89+6.92
4 E-HS, 4.45+4.32 3.3346.57° 7.78+6.92
5 E-HS; 4.45+4.32 6.67+6.57° 11.11+6.92
6 E-HS; 2.2244.32 16.6746.57* 18.89+6.92
7 HS, 2.2244.32 10.004+6.5748 12.2246.92
8 HS, 20.22+4.32 6.67+6.578 26.67+6.92
9 HS; 4.44+4.32 23.3346.57* 27.78+6.92
Vitamin treatment
C 2.2242.49 5.56+3.80P 7.78+3.99¢
E 371249 8.89+3.80P 12.5643.998
Unsuppl. 8.0+2.406% 13.3343.80% 222243 094
Heat stress
HS, 2.2242.49 6.67+3.80P 8.8943,098
HS, 9.70+2.494 5.56+3.80P 15.194+3.994
HS; 2.96+2.49P9 15.5643.80% 18.5243.904

A, B and C Means within the same column having different letters are significantly different (P< 0.05).

Mortality Rate: Results regarding mortality records in the
different experimental groups throughout the experiment
are presented mn Table 9. Mortalities occurred during the
period 1-39 days are referred to as M,, meanwhile M,
refers to mortalities occurred thereafter up to the end of
the experiment. Concerning the result of M, it could be
observed that birds early subjected to heat at the age of
five days (group 7, HS)) showed less mortality record than
that obtained in groups 8 (HS,) which was exposed to
HS later at the age of 28 days. The same results nearly
similar to that obtained by Pardue et al. [19] and Cooper
and Washburn [29] who found that exposed broiler chicks
to heat stress at 4 wk of age resulted m significant
increase mortality rate as compared with control.
Mortalities records during late exposure to heat stress
(M2) and collective date of mortality (M3) proved that
birds previously subjected to heat stress earlier at the age
of 5d (HS)) or 28 d (HS,) showed an effective role in
decreasing mortality as compared with HS, treatment. In
this respect, HS, treatment was significantly better than
HS, Early
reduced mortality during subsequent exposure to high
ambient temperature later in life [20, 21, 45, 35]. The lowest
mortality exhibited by acclimated groups may be

aye thermal conditioning significantly

attributed to lower T3 and Corticosterone levels, lower
haematocrit value, lower body temperature and higher
water consumption [35]. As for the effect of supplemented
vitamins, it has been found that supplemental vit. C
resulted 1n significantly lower mortality than did vitamin
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E and both had significantly lower mortality records than
groups not receiving any supplemental vitamins. Earlier
studies showed that vit. C supplementation could be
effective in reducing mortality in broilers [35] reared under
environmental stress. Performance characteristics and
immune of heat- stressed poultry have been shown to be
improved significantly by increased fortification of
vitamm C [6,19, 46], vitamin E [47]. This result may be
explained reduce mortality of broiler chicks supplemented
vitamins subjected to heat stress.

Blood Analysis: The effect of heat stress treatments
and/or supplemental dietary vitamins C or E on Blood
analysis are shown in Tables 10, 11 and 12. Exposure of
birds to heat stress twice during the last two weeks (at 28
d and 40 d, group8, HS2) caused a significant increase in
blood triglycerides, A/G ratio while decrease total
proteiryalbumin, globulin, AST and ALT concentration as
compared to HS, (group 7) and HS, (group 9) treatments.
Similar to results of the present study, Salun et al. [8]
found that stress (34°C) tended to elevate plasma
triglycerides concentration. Early exposure to heat stress
at S(HS,, group 7) and28 day (group 8, HS2) of age reduce
insignificant serum glucose and T4 concentration and
increase serum cholesterol. The increase of plasma
cholesterol concentration under HS has been reported by
Tollba and Hassan [31] broiler chicks. Similarly,
McCormick et al. [48] found that subjected the broiler
cockerels during fourth week (25 to 28 days of age) to
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Table 10: Effect of vitamin treatments, heat stress and their interactions on serum, triglycerides, cholesterol and ghicose.

Group Treatments Triglycerides (mg / dl) Cholesterol (mg / dl) Glucose (mg/ dl)
1 C-HS, 74.00+1.914 93.00+7.358 260.00+9.32
2 C-HS, 30.00+1.91P 117.00+7.358 250.00+9.32
3 C-HS; 46.00£1.91° 113.00+7.358 265.00+£9.32
4 E-HS, 73.00+1.914 141.50£7.35% 228.00+9.32
5 E-HS, 61.00+1.91® 109.00+£7.35° 239.00+9.32
6 E-HS; 78.00+1.914 139.00+7.35% 274.00+9.32
7 HS, 65.00+1.91B 115.00+7.358 228.00+9.32
8 HS, 75.00+1.914 112.00+7.358 251.004£9.32
9 HS, 60.00+1.91® 95.50+7.358 278.00+9.32
Vitamin treatment

C 50.00+1.11¢ 107.67+4.24% 258.3345.33

E 70.67+1.114 129.83+4.244 247.00+5.33

Unsuppl. 66.67+1.118 107.50+4.242 252.3345.33
Heat stress

HS, 70.67+1.114 116.50+4.24 238.67+5.338

HS, 55.33+1.11¢ 112.67+4.24 243.00+5.33

HS; 61.33£1.117 115.83+4.24 272.3345.334

A, B, C, D and E Means within the same column having different letters are significantly different (P< 0.05).

Table 11: Effect of vitamin treatments, heat stress and their interactions on serum proteins

Group Treatments Total protein (g /dl) Albumen (g / dl) Globulin (g / dl) A/ G ratio
1 C-HS, 1.9940.14"F 1.06+0.054E¢ 0.930.06° 1.14+0.05°
2 C-HS, 2.68+0.147 1.12+0.054B¢ 1.56=0.098 0.72+0.057
3 C-HS, 1.98+0.14E 1.00+0.05% 0.98+0.00" 1.02+0.058%¢
4 E-HS, 2.5640.14%¢ 1.1140.0545¢ 1.45£0.09° 0.77£0.05°
5 E-HS, 2.344:0.145°P 1.1140.05¢ 1.3320.09°¢ 0.8340.057
6 E-HS: 2.51+0.148¢ 1.16+0.05%® 1.36=0.098° 0.85+0.050
7 HE, 37040144 1.20+0.05* 2.50+0.00% 0.48+0.05%
8 Hs, 1.64+£0.14% 1.0340.05%¢ 0.61£0,09° 1.69+0.05%
9 HS, 2.134£0.14%¢ 1.0440.05%¢ 1.09+0.05°P 0.95+£0.05°
Vitamin treatment

C 2.2240.087 1.06+0.03 1.1620.06P 0.98+0.03%

E 2.47+0.08" 1.13+0.03 1.38+0.06* 0.82+0.032

Unsuppl. 2.49+0.08" 1.09+0.03 1.40+0. 06" 0.78+0.03®
Heat stress

HE, 2.75+0.08" 1.12+0.03 1.63=0.06* 0.69+0.032

HS, 22240088 1.0+0.035 1.17+0.06° 0.93+0.03%

HS, 2.21+0.08% 1.07+0.03 1.14+0.06% 0.94+0,03%

A, B, C, D and E Means within the same column having different letters are significantly different (P< 0.05).

Table 12: Effect of vitamin treatments, heat stress and their interactions on thyroid hormones and AST, ALT.

Group Treatments T:ng/L T,nmol/L T; /T, ratio AST (U/L) ALT (U/L)
1 C-HS, 258.00+8.04° 32.60+1.68 7.91+0.82°° 192.00+£7.87° 2.00+0.222
2 C-HS, 260.00+8.04°0 31.60+1.68 8.23+0.82°7 254.00+7.874 1.30+0.22¢
3 C-HS; 236.00+8.04° 31.20+1.68 7.56+0.82° 266.00+=7.874 2.80+0.22%
4 E-HS, 284.00£8.04¢ 28.00+1.68 10.1440,824B 225.00+£7.878 0.85+0,22°
5 E-HS, 315.00+8.04° 26.00+1.68 12.12+0.82"8 220.00 £7.87%¢ 2.90+0,228
6 E-HS; 350.00+8.044 25.00+1.68 14.00+0.82% 249.00+7.874 1.03+0.22¢
7 HS, 280.0048.04° 24.00+1.68 11.67+0.82*P 264.00+£7.874 2,400,228
8 HS, 317.00+£8.048 25.20+£1.68 12.58+0,824P 198.00+7.87¢P 1.2340.22¢
9 HS; 271.00+8.04° 27.70£1.68 0.78+£0.825°0 266.00+7.87" 3.00+0.228
Vitamin treatment

C 251.33:4.64° 31.804+0.97* 7.90£0.47° 23733454 2.0+£0.13*

E 316.33:4.64% 26.33+0.97° 12.01+0.47% 231.33+4.54 1.59+0.137

Unsuppl. 289334647 25.63£0.978 11.2940.474 242.67+4.54 2.21+0.13%
Heat stress

HS, 274.00+=4.64% 28.20+0.97 9.72+0.47 227.00+=4.54% 1.75+0.138

HS, 297334644 27.60+0.97 10.77+0.47 224.00+4.54% 1.81+0.132

HS, 285.6754.6440 27.97+£0.97 10.21+£0.47 260.3354. 544 2.27+0.13%

A, B, C and D Means within the same column having different letters are significantly different (P< 0.03).
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high ambient temperature (41° £ 0.57C for 90 minutes each
day significantly de creased plasma glucose. Exposure of
birds to heat stress at early age (HS,, group 7)
significantly decreased T3 concentration and A/G ratio
while increase total protein, albumin, globulin as
compared to control HS; (group 9) treatments during
thermal challenge at day 42 of age. These results
suggested that early exposure may promote broilers
ability to cope with the subsequent heat load by altering
thermoregulatory physiological responses and behavioral
pattern, resulting m alleviation of heat stress. The same
result was nearly obtained by Yahav and Hurwitz [20] and
Yahav and Plavnik [27] who found that an early age
temperature conditioning resulted in a significant
reduction in plasma T3-levels. Dietary vit. (C or E) had
significant effects on most blood parameters measured at
the present study. Supplemental dietary vitamins C or E
antagonized the effect of HS and had a beneficial effect in
reducing blood triglycerides content and A/G ratio
significantly increased total proten and globulin.
Statistical analysis proved a significant increase plasma
cholesterol concentration due to supplemented vitamin B
and HS, treatments. Vit.C
supplementation significantly reduced T3 level especially
under HS2 and HS3 condition by about 18% and 13%
consequently. Tn this respect, vit. E supplementation did

especially with HS,

not affect T, level under HS, and HS, conditions; however
1t significantly raised T, level under HS, condition by
about 29.2%. These results are nearly similar to that
obtained by Sahin et al[8] who showed that, serum
concentration of T, (P=0.001) and T, (P=0.05) of broilers
during HS increased as dietary vit. E increased. Vitamin C
supplementation did not exert any significant effect on
ALT levels but significantly reduced AST levels under
HS, while a sigmficant mncrease was observed under HS,
conditions. With respect to the effect of vitamin E
supplementation, it was found to cause a significant
decrease in the activities of both enzymes especially
under HS, and HS, conditions. Similarly, Sahin ef al. [8]
reported that increased supplementation Vit E resulted in
linear decrease serum triglycerides and cholesterol
concentration an increased significantly blood total
protein and concentration of T3and T4 in broiler chicks
reared under heat stress (32°C). Blood cholesterol content
was not significantly affected by heat stress treatments.
Also, Mckee et al[32] reported that ascorbic acid
supplementation to heat stressed broilers enhance the
liver function and decreased blood AST levels, which
confirm the results of the present study.
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CONCLUSIONS

It can be concluded that under the condition of the
study, early acclimation, vitamins C or E supplementation
and combination between vitamins C or E and acclimation
were very effective in ameliorating the adverse effect of
heat stress. Also it can be concluded that the best
alleviation method achieved by combination between
vitamin C supplementation and early acclimation as well
as reduced mortality rate.
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