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ABSTRACT

A total of 425 one day old, unsexed, Hubbard classic broiler chicks strain were reared on floor for 6 weeks (WK) to evaluate
the efficacy of different supplements to reduce body temperature (Tb) of heat-stressed broiler chickens. Birds were given
water and diet ad libitum. At 21 day of age, 375 birds were almost equal weights chosen, randomly divided into 5 groups, 3
replicates of 25 birds each. Treatment groups were; without supplementation (T1,control), supplementation 400 (T2) and
550 (T3) mg betaine / liter drinking water (DK), mixture of KCl, NaHCO3,vitamin C and salicylic acid by 450, 450, 50 and 50
mg / liter DK respectively (T4) and 150 mg vitamin C / liter DK (T5). Temperature and relative humidity were recorded in
600, 1400, 1800 and 2400 hours daily. Birds were received 24 hours light a day, also all routine management and medications
were applied. Results revealed that in most treatment groups, Tb was significantly (P < 0.01) increased in hot period of the
day (1400h and 1800h) in comparison with moderate period (600h and 2400h) and the difference was higher in control
treatment1 group (T1) at 4, 5, 6 WK of age and their average. A significant (P < 0.05) decrease was found in Tb of T5 in
comparison with T1 during all times of the day, whereas occurred only during hot period (1400h and 1800h) in T2, T3 and
T4 at 4, 5, 6 WK of age and their average. The average of Tb of all treatment groups for 4, 5, and 2 WK of age illustrated a
significant decrease in moderate (P < 0.05) and hot periods of the day (P < 0.01) in comparison with T1, in addition to
temperature difference was greater in hot period than moderate period. It can be concluded that all supplements used in this
trial, expressed their efficacy in reducing Tb of heat-stressed birds, in particular during hot period of the day, however
vitamin C was the most potent.
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المستخمص

 أسابيع وذلك لتقييم فعالية بعض المضافات لخفض6  ربيت عمى فرشو لمدة. عرق ىبرد التجاري، غير مجنسو،بعمر يوم،  فروج لحم425 أستخدم
 وزعت عشوائيا عمى خمسة، طير متجانس الوزن الى حد ما375  انتخب. قدم لمطيور الغذاء والماء بصورة حره.درجة حرارة فروج المحم المجيد حراريا
 لتر ماء/) ممغرام بيتينT3( 550 ) وT2(400  أظافة،)T1  بدون أضافو (السيطره: شممت المعامالت. طير25 مجاميع بثالثة مكررات كل مكرر يضم

150( وT4) لتر ماء شرب عمى التوالي/ ممغرام50  و،50 ،450 ،450  وحامض السمسيمك بكمياتC  فيتامين،NaHCO3 ،KCl  مزيج،شرب

 أستممت. ساعو يوميا2400 و،1800 ،1400 ،600  سجمت درجات الحراره والرطوبو في القاعو في االوقات.(T5) لتر ماء شرب/ C ممغرام فيتامين

 أظيرت النتائج ارتفاع درجة حرارة جسم معظم طيور. ساعو أضاءه يوميا وطبقت جميع االجراءات الروتينيو في التربيو والرعاية الصحيو24 االفراخ

( وكان الفرق اعظم في600h-2400h) ( مقارنة بالفتره المعتدلو1400h -1800h)( في الفترة الحاره من اليومP < 0.01) ًالمعامالت معنويا
 خالل كل اوقاتT1  مقارنة مع معاممة السيطرهT5  وظير أنخفاض معنوي في درجة حرارة. ومعدالتيا6 ،5 ،4 معاممة السيطره لكل من االسابيع
 أظير معدل درجة حرارة جسم طيور جميع. ومعدالتيا6 ،5 ،4  لالسابيعT4  وT3 ،T2  بينما حدث ذلك فقط في الفترة الحاره في المعامالت،اليوم

( من اليوم مقارنة معP < 0.01) ( والحارهP < 0.05)  من عمر الطيور انخفاضا معنويا في الفتره المعتدلو6 و،5 ،4 المعامالت التجريبيو لالسابيع
 يمكن االستنتاج ان جميع.( وكان الفرق في درجة الحراره أعظم في الفترة الحاره من الفترة المعتدلوT1) درجة حرارة جسم طيور معاممة السيطره
المضافات المستخدمو في التجربو عبرت عن امتالكيا الفعاليو في خفض درجة حرارة جسم فروج المحم المجيد حراريا خصوصا في الفترة الحارة من اليوم
. الفعاليو االقوىC وأظير فيتامين
. البوتاسيوم،C  فيتامين، البيتين، االجياد الحراري، فروج المحم، درجة حرارة الجسم:كممات مفتاحية
.*جزء من اطروحة دكتوراه لمباحث الثاني
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(sodium sesquicarbonate) during summer
season (41). Acetylsalicylic acid (aspirin) is a
potent antipyretic drug that has shown to lower
the Tb of heat-stressed chickens, However,
Stilborn et al. (44) found that, dietary
supplementation of aspirin provided a little
benefit to heat stressed broilers. McDaniel and
Parker (29) found that inclusion of acetyl
salicylic acid at 0.15% in the male broiler
breeder diet did not decrease the Tb. Alhassani (4) pointed out a supplementation
mixture of KCl, NaHCO3, vitamin C and
salicylic acid with drinking water increased
heat resistance of broiler chickens. Poultry
have the ability to synthesize vitamin C, but
this ability is inadequate under stress
conditions, such as high environmental
temperatures. Therefore, supplementation of
vitamin C in water appears necessary during
heat stress (31). The vitamin C helps to control
the increase in Tb and plasma corticosterone
concentration. There are several reports which
demonstrated that supplemental vitamin C
reduces rectal temperatures in heat-stressed
birds (7, 26). This study was conducted to
evaluate the efficacy of betaine, vitamin C
and combined supplementation of vitamin C,
salicylic
acid,
NaHCO3,
and
KCl
supplemented in drinking water in reducing Tb
of
heat-exposed
broiler
chickens.
MATERIALS AND METHODS
A total of 425 day old, unsexed, Hubbard
classic broiler chicks strain, 40 grams weight
average were reared on shave wood litter to
the end of 6 weeks (WK). Birds were given
water and diet ad libitum. Starter and finisher
diets were given (table 1). At 21 day of age, all
birds were weighed, 375 birds were almost
equal weights chosen, randomly divided into 5
groups, 3 replicates of 25 birds each.Treatment
groups were; without supplementation
(T1,control), supplementation 400 (T2) and
550 (T3) mg betaine / drinking water (DK),
mixture of KCl, NaHCO3,vitamin C and
salicylic acid by 450, 450, 50 and 50 mg / DK
respectively (T4) and 150 mg vitamin C / DK
(T5). Temperature and relative humidity were
recorded inside House four times daily 600,
1400, 1800 and 2400 hours by three
thermometers and hygrometers located in the
beginning, middle and end of house (table 2).
Birds were received 24 hours light a day, also

INTRODUCTION
Increase global temperature during last two
decades above common levels is one of the
most important problems facing life, in
particular drastic decrease in productivity of
plant and animals. Iraq is located within arid
and semiarid zones that is characterized by
high temperature, which reaches 50 Co average
during long summer and low relative
humidity. High environmental temperature
causes economic losses in animal sector (43).
Iraqi poultry production suffers of this
dilemma, therefore the performance being
always
lower
than
standards.
High
temperatures cause an increase in body
temperature of birds, which lead birds to be
heat stressed, low immunity and productivity,
and high mortality (22). Body temperature
(Tb) is the most physiological trait used to
evaluate the responsiveness to heat stress,
which birds try to keep in normal range (43,
41). Many researches have been conducted to
alleviate the negative effects of heat stress (2,
25, 30), such as using betaine as supplement
with diet or drinking water (20). Betaine has
two main important physiological functions, as
a donor of methyl group and osmotic regulator
of cells, therefore betaine can persist liquid
equilibrium inside cells under heat stress
conditions (20, 19). Betaine and vitamin C
supplementation with diet or water decreased
body temperature of birds exposed to heat
stress (8, 36). It is well known that salicylic
acid as a tranquilizer works, in particular
during hot times to reduce Tb of heat-stressed
broilers (1). Electrolytes are essential for
maintaining physiological functions during
heat stress conditions, which result in
increased excretion of potassium through
urine, hence resulting in decreased plasma
potassium (3; 25). Therefore, potassium levels
should be increased for birds reared in high
temperature conditions. Birds regulate mainly
heat loss through water evaporation in high
temperature conditions and this may lead to
arise respiratory alkalosis (12, 27). Heat
exposed birds may exhibit reduced levels of
plasma carbon dioxide and bicarbonate (9) and
may affect the blood pH and induce in the
birds a nutritional requirement for bicarbonate
(35). one-fourth of the broiler US companies
use either NaHCO3 or NaHCO3•NaCO3•2H2O
13
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all routine management and medications were
applied. Rectal temperature was recorded at
the last day of each 4, 5, and 6 WK by one
decimal digital thermometer (Digital, W.
Germany) by inserting probe for 6 cm inside
bird’s rectum.. A complete random design was
used and a significant differences (P < 0.05
and P < 0.001) was tested by Duncan Multiple
Range Test (17). Data were statistically
analyzed according to ready statistical analysis
system (31).

group (T1) than the rest treatment groups at 4,
5, 6 WK of age and their average (Tables 3, 4,
5 and figure 1). A significant (P < 0.05)
decrease was found in Tb of T5 in comparison
with T1 during all times of the day, whereas
occurred only during hot period (1400h and
1800h) in T2, T3 and T4 at 4, 5, 6 WK of age
and their average (Tables 3, 4, 5 and figure
1).The average of Tb of all treatment groups (
T2, T3, T4 and T5 ) for 4, 5, and 1WK of age
illustrated a significant decrease in moderate (
600h and 2400h) (P < 0.05) and hot periods of
the day (1400h and 1800h) (P < 0.01) in
comparison with T1, in addition to
temperature difference was greater in hot
period than moderate period (figure2). Results
obtained have emphasized most previous
studies, that betaine has a role in alleviating Tb
of heat-stressed chickens through its osmotic
functions, which decrease dehydration by
fluids retaining inside body, which assists
thermal dissipation through evaporation (37),
as well as betaine donates three methyl (CH3)
groups, which promote protein metabolism
without expends much energy and Tb increase,
in addition to need to methyl groups is
increased during stress conditions (20).
Deyhim and Teeter (15) indicated that
supplementing
KCl
increased
water
consumption over control. Belay and Teeter
(10) showed that supplementing 0.75% KCl
with the DW of heat-stressed broilers
increased water consumption, non-sensible
(evaporative) heat loss and apparent
respiration efficiency, that all these processes
have led to decrease Tb. The Tb response to
KCl supplemented in DW is probably due to
the fact that an elevation of plasma potassium
has been shown to cause vasodilation (24).
The K+ ions have vasodilating property,
coupled with the increased the water intake,
which leads to much fluid retention in the
peripheral vascular volume during heat stress
conditions. Supplementation electrolytes with
DW or diet generally increase water
consumption of heat-stressed chickens, that
helps to keep Tb within normal range (11).
Sever heat stress great increases the secretion
of catecholamine hormones from medulla of
adrenal gland and the sympathetic nervous
system in both poultry and mammals. It has
been reported that during heat stress, the

Table 1. Composition of experimental diets for
the starter (0-21 days) and Finisher (22-42 days)
phases
Ingredients
corn
wheat
Soybean meal(1)
Protein concent.(2)
Sunflower oil
limestone
DiCalcium Phosphate
Nacl
total
Calculated chemical analysis

Stazdxdrter
(%)
50
12
30
5
1
1
0.7
0.3
100.0

Finisher
(%)
54.5
12
23
5
3.5
1
0.7
0.3
100.0

2911
22.21
1.14
1.10
0.51
0.72
1325
1.11
0.56
0.77
0.14
0.15
3.61
4.04
131.09

3130.65
19.23
0.91
0.90
0.42
0.63
1250
0.88
0.48
0.60
0.14
0.15
3.20
6.54
162.80

(3)

Me (kcal/kg diet)
Crude protein %
Lysine %
Arginine %
Methionine %
Methionine+cystine %
Choline mg/kg
Total calcium %
Available p %
Potassium mg/kg
Sodium %
Chloride%
Fiber %
Fat %
C/P ratio
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1- Contains 48 % CP and 2230 Kcal / Kg
metabolizable energy.
2-Contains 40 % CP, 5 % fat, 2 % fiber, 6.5 % Ca, 4
% available P, 3.85 %, Lysine, 3.7 % methionine, 4
% ME with mixture of vitamins and Microelements
supplemented to fulfill birds requirements.
3-According to NRC, 1994.

RESULTS AND DISCUSSIONS
House temperature and relative humidity were
recorded at 4, 5, 6 weeks (WK) of age and
their average indicated that birds were being
exposed to daily high cyclic temperature and
heat stress (Table2). In most treatment groups,
broiler
body
temperature
(Tb)
was
significantly (P < 0.01) increased in hot period
of the day (1400h and 1800h) in comparison
with moderate period (600h and 2400h) and
the difference was higher in control treatment1
14
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decrease in adrenal ascorbic acid (vitamin C)
concentration coincided with adrenocortical
insufficiency. It can be illustrated that the role
of Vitamin C in maintaining Tb of heatstressed birds either through decreases heat
load by lowering heat production or increases
heat loss from the body to the environment
(13). In addition to, vitamin C plays crucial
role in resistance of stressor factors through
synthesis and regulation central stress
hormones
secretion,
epinephrine,
norepinephrine and corticosterone (21), which

Alhassani & Alshukri

finally result in decrease Tb and respiratory
rate (23). It can be concluded that the heatstressed broiler chickens responded positively
to betaine, vitamin C, mixture of KCl,
NaHCO3,vitamin C and salicylic acid
supplemented with drinking water throughout
the periods of heat stress as evidenced by
reducing Tb, particularly during hot hours
(1400-1800h) of the day in comparison with
T1 (control)birds. Group T5 (150 mg vitamin
C / L drinking water) was the most efficient
among the rest treatment groups.

Table 2. Means of house temperature (ْC) and relative humidity (RH %) recorded during 600, 1400,
1800 and 2400 h of day for 4, 5 and 6 weeks of broiler age
weeks

600h
0

C
RH
4
24.5
67.5
5
26.0
64.0
6
29.0
59.0
M*
26.5
63.5
*M = Average of 4/5 and 6 weeks

1400h
0

C
33.0
35.5
36.5
35.0

1800h
RH
57.0
38.0
50.0
48.3

0

C
35.5
37.0
38.5
37.0

2400h
RH
45.0
34.0
45.0
41.3

0

C
30.0
33.0
33.5
32.2

RH
38.5
39.5
55.0
44.3

Table 3. Effect of supplementation betaine, mixture of NaHCO3, KCl, salicylic acid and vit.C and vit.
C alone with drinking water on body temperature of heat- stressed broiler chickens, 4 weeks old
during 600, 1400, 1800 and 2400 h of day.
Treatments
T1
T2
T3
T4
T5

600h
40.87 ± 0.06c
AB
40.70 ± 0.05b
AB
40.60 ± 0.11b
AB
40.83 ± 0.07bc
B
40.58 ± 0.07b
A

1400h
41.60 ± 0.10ab
B
41.10 ± 0.15a
B
41.12 ± 0.06 a
B
41.20 ± 0.05a
B
41.00 ± 0.05a

A

1800h
41.70 ± 0.05a
B
41.30 ± 0.08a
B
41.30 ± 0.15a
B
41.35 ± 0.02ab
B
40.90 ± 0.07a
A

2400h
41.30 ± 0.15b
AB
40.95 ± 0.11ab
BC
40.70 ± 0.07b
AB
40.92 ± 0.13c
C
40.45 ± 0.11b
A

Table 4. Effect of supplementation betaine , mixture of NaHCO3, KCl, salicylic acid and vit.C and vit.
C alone with drinking water on body temperature of heat- stressed broiler chickens, 5 weeks old
during 600, 1400, 1800 and 2400 h of day
Treatments
T1
T2
T3
T4
T5

600h
40.72 ± 0.06 a
A
40.68 ± 0.11 a b
A
40.67 ± 0.10b
A
40.70 ± 0.05bc
B
40.37 ± 0.04bc

A

1400h
41.78 ± 0.06a
B
41.13 ± 0.14a
B
41.00 ± 0.10 a
B
41.10 ± 0.08a
C
41.65 ± 0.08a
A

A

1800h
41.57 ± 0.05a
B
40.90 ± 0.10ab
C
40.48 ± 0.05bC
B
40.90 ± 0.02ab
C
40.55 ± 0.05ab

2400h
40.97 ± 0.03b
B
40.58 ± 0.09b
B
40.30 ± 0.11C
AB
40.63 ± 0.06c
B
40.35 ± 0.02C
A

Table 5. Effect of supplementation betaine , mixture of NaHCO3, KCl, salicylic acid and vit.C and
vit.C alone with drinking water on body temperature of heat- stressed broiler chickens, 6 weeks old
during 600, 1400, 1800 and 2400 h of day
Treatments
T1
T2
T3
T4
T5

600h
41.20 ± 0.02 c
A
41.07 ± 0.11 b
B
40.70 ± 0.02b
A
41.03 ± 0.03b
B
40.45 ± 0.12ab

A

1400h
42.09 ± 0.09a
B
41.40 ± 0.07a
C
41.09 ± 0.04 a
B
41.47 ± 0.10a
D
0.75 ± 0.10ab
A

15

1800h
42.06 ± 0.03a
B
41.43 ± 0.06a
C
41.10 ± 0.05a
B
41.55 ± 0.05a
D
40.90 ± 0.07a

A

2400h
41.50 ± 0.07b
BC
41.03 ± 0.03b
C
40.83 ± 0.04b
B
41.14 ± 0.07b
D
40.50 ± 015ab
A
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early age and second critical period of adrenal
development on broiler performance reared
later under high temperature. The Iraqi Journal
of agricu ltural sciences, vol 28,.)1(:221-228.
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2009. Effect of Supplementing Imported and
local mixtures of vitamins and salts with
drinking water on some productive traits of
broiler chicken reared under heat stress
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4(2):102-111.
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Hassan, 1999. Increase of body temperature
and its relation with subsequent heat resistance
to heat stress in male chickens. The Iraqi
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672.
7. Attia, M., 1976. Effect of different levels of
vitamin C on body temperature of White
Russian birds during heat stress. Egyptian Vet.
Med. J., 24: 111.
8. Attia, Y. A, R. A. Hassan and E. M.
Aqota.2008. Recovery from adverse effect of
heat stress on slow growing chicks in the
tropics 1: effect of ascorbic acid and different
levels of betaine. Tropical Animal health and
production volume 41: 5: 807- 818 (Abst.).
9. Balnave, D. and I. Gorman, 1993. A role for
sodium bicarbonate supplements for growing
broilers at high temperatures. World’s Poultry
Sci. J., 49: 236-241.
10. Belay, T. and R. G. Teeter, 1993. Broiler
water balance and thermobalance during
thermoneutral and high ambient temperature
exposure. Poultry Sci. 72:116-124.
11. Borges, S. A., A. V. Fischer da silva and
A. Majorka. 2007. Acid- base balance in
broilers. World's poultry Sci. J. Vol 63 .
12. Bottje, W. G. and P. C. Harrison, 1985.
The effect of tap water, carbonated water,
sodium bicarbonate, and calcium chloride on

Figure 1- Average heat-stressed broiler body
temperature for 4, 5, and 6 weeks of age.
Superscripts of different capital and small
litters mean significant (p < 0.05) difference
between treatments within same time (h) and
between times of day respectively. Standard
error bars included

Figure 2- Illustrate body temperature of heat –
stressed broiler chickens of control group and
average for 4, 5 and 6 weeks of age for
treatment groups, and their difference ( -●- )
time of day (h). * and ** mean significantly (P <
0.05) and (P <0.01) different within time
respectively. Standard bars included

REFERENCES
1. Abou El-Soud, S. B., T. A. Ebeid and Y. Z.
Eid, 2006. Physiological and antioxidative
effects of dietary acetyl salicylic acid in laying
Japans quail (Coturnix coturnix japonica)
under high ambient temperature. The J.
Poultry Sci., 43: 255-265.
2. Ibrahim, D. K. and D. H. Al- hassani, 1997.
Effect of acclimation to heat stress during
16

The Iraqi Journal of Agricultural Sciences – 74: (Special Issue): 12-18, 6102

blood acid-base balance in cockerels subjected
to heat stress. Poultry Sci., 64:107-113.
13. Chang, K. C., W. S. Chong, D. Sohn, B.
H. Kwon, I. J. Lee, C. T. Kim, J. S. Yang and
J. I. Jum, 1993. Endothelial potentiation of
relaxation response to ascorbic acid in rat and
guinea pig thoracic aorta. Life Sci., 52: 37-42.
14. Deaton, J. W. 1994. Acclimation to heat
stress in birds. USDA, Agricultural research
service south central poultry Laboratory.
Mississippi state, Ms 39762 (personal
communication).
15. Deyhim, F. and R. G. Teeter, 1991.
Research note: Sodium and potassium chloride
drinking water supplementation effects on
acid-base balance and plasma corticosterone in
broilers reared in thermoneutral and heatdistressed environments. Poultry Sci. 70:25512553.
16. Donohue, M. 2001. Sodium bicarbonate
and sesquicarbonate users in summer (JulySeptember). Special Executive Report to
Church & Dwight Co., Inc. by Agri Stats, Inc.,
Fort Wayne, Indiana.
17. Duncan, B. D, 1955. Multiple Range and
Multiple F. Tests, Biometrics.11: 1- 42.
18. Eberhart, D. E., and K. W. Washburn.
1993. Variation in body temperature response
of naked nek and normally feathered chickens
to heat stress. Poultry Sci.,72: 1385- 1390.
19. Eissen, J. and H. Enting, 2007. Role of
betaine in preventing heat stress. Feed Mix.,
15: 25-26.
20. Eklund, M., E. Bauer, J. Wamatu and R.
Mosenthin. 2005. Potential nutritional and
physiological function betaine in livestock.
Nutrition Research Reviews.18:31- 48.
21. Feenster, R. 1989. Vitamin C and Stress
Management
in
Poultry
Production.
Zootechnica International.
22. Gharib, H. B. A., M. A. El-Menawey;
A.A.Attala and F. K. R. Stino. 2005. Response
of commeicial layer to housing at different
cage densities and heat stress conditions.
Physiological indicators and immune response.
Egypt. J. Anim. Prod., 42 : 47-70.
23.Gomes, H. A., S. L. Vieira, R. N. Reis,
D.M. Freitase, R. Barros, and F.V.
Furtado.2008. Body weight, carcass Yield and
intestinal content of broiler having sodium and
potassium salts in the drinking water twenty-

Alhassani & Alshukri

four Hours before processing. J. Appl. Poultry
Res., 17: 369- 375.
24. Haddy, F. J. 1977. Minireview: Potassium
and blood vessels. Life Sci. 16: 1489-1498.
25. Keskin, E. and Z. Durgan, 1997 . Effects
of supplemental NaHCO3, KCl, CaCl2, NH4Cl
and CaSO4 on acid base balance, weight gain
and feed intake in Japanese quails exposed to
constant chronic heat stress. Pak Vet J. 17:60–
64.
26. Kutlu, H. R. and J. M. Forbes, 1993.
Changes in growth and blood parameters in
heat stressed broiler chicks in response to
dietary ascorbic acid. Livestock Prod. Sci., 36:
335-350.
27. Kutlu, H. R., 1996. Effect of feeding on
performance of broiler chicks exposed to heat
stress. Farmavet. Bull., 3: 1-8.
28. Lin, H., H. C. Jiao, J. Buyse and E.
Decuypere, 2006.Strategies for preventing heat
stress in poultry. World’s Poultry Sci. J., 62:
71-85.
29. McDaniel, C. D. and H. M. Parker, 2004.
The Effects of Dietary Acetylsalicylic Acid on
Heat Stress Infertility of Broiler Breeder
Males. International J. Poultry Sci., 3(9): 570577.
30. Mohammed, A. A., 2010. Effect of Acetyl
Salicylic Acid (ASA) in Drinking Water on
productive
Performance
and
Blood
Characteristic of Layer Hens During Heat
Stress. International J. Poultry Sci., 9(4): 382385.
31. Pardue, S. L. and Thaxton, J. P. 1986.
Ascorbic acid in poultry, A review. World’s
Poultry Sci. 42:107–123.
32. SAS Institute. 2003. SAS Users Guide.
Version 9.1 reviews. SAS Institute Inc, Cary
Stilborn HL, Harris GS, Pottje WG, Waldroup
PW. Ascorbic acid and acetyl salicylic acid
(aspirin) in the diets for broilers maintained
under heat stress conditions. Poultry Sci. 1988;
67(8):1183-1187.
33. Stilborn, H. L., G. C. Harris, W. G. Bottje,
& P.W. Waldroup, 1988. Ascorbic acid and
acetylsalicylic acid (aspirin) in the diet of
broilers maintained under heat stress
conditions. Poultry Science, 67,(8): 11831187.
34. St-Pierre, N. R., B. Cobanov, and G.
Schnltkey. 2003. Economic Losses from heat
17

The Iraqi Journal of Agricultural Sciences – 74: (Special Issue): 12-18, 6102

stress by US livestock industries. J. Dairy. Sci.
86 :(E.Suppl.) : E52-E77.
35. Teeter, R. G., M. O.Smith, F. N. Owens,
S.C.Arp, , S. Sangiah, and J.E. Breazile, 1985.
Chronic heat stress and respiratory alkalosis :
Occurrence and treatment in broiler chicks.
Poultry Sci. 64: 1060-1064.

Alhassani & Alshukri

36. Zulkifli, I.; S. A. Mysahra and I. Z. Jin.
2004. Dietary supplementation of betaine
(betafin) and response to high temperature
stress in male broiler chickens. Asian – Aust.
J. Anim. Sci.,17: 244– 249.

18

