
 ١

�اري �� د	�ج ا������ ��� و���� �
�و�� ا
	��ددرا�� �  ا�
  

�� ���
  ر���� �

 ����� "!� ا��$اب "!� ا���  
  ١٩٨٩ جامعة اسيوط – كلية الزراعة –بكالوريوس في العلوم الزراعية 

  ١٩٩٤ جامعة الازهر –) تكنولوجى انتاج الدواجن(دبلوم الدراسات العليا 

  

  
  )ا���	����(. در	� ا��-', ا���+�ء ���(%!�ت ا��'$ل "%

  ]إ��5ج ح�$ا�5 ـ ���$�$	� ا��وا	�[�� ا��%$م ا�1را"�� 
  

  

  :�9 ا
��5ج ا���$ا�5
�  آ%�� ا�1را"� ـ 	���� ا=زه

  

  م٢٠٠٦ -هـ ١٤٢٧



 ٢

�اري �� د	�ج ا������درا�� �  ��� و���� �
�و�� ا
	��د ا�
  

�� ���
  ر���� �

 ����� "!� ا��$اب "!� ا���  
  ١٩٨٩ جامعة اسيوط – كلية الزراعة –ي العلوم الزراعية بكالوريوس ف

   جامعة الازهر–) تكنولوجى انتاج الدواجن(دبلوم الدراسات العليا 

  

  

  )ا���	����(ا���+�ء ���(%!�ت ا��'$ل "%. در	� ا��-', 
  ]إ��5ج ح�$ا�5 ـ ���$�$	� ا��وا	�[�� ا��%$م ا�1را"�� 

  
�افG
  :��HI ا

  ���حO ح��� خ%�./ د. أ
  .أستاذ فسيولوجي الحيوان ـ قسم الإنتاج الحيواني ـ كلية الزراعة ـ جامعة الأزهر

  

  ه�Pم ح��� خ%�+�./ د. أ
  .أستاذ فسيولوجي الحيوان ـ قسم الإنتاج الحيواني ـ كلية الزراعة ـ جامعة الأزهر

  

  �Tرق ���� یQ5$./ د. أ
  .راعة ـ جامعة الأزهرأستاذ تغذية الحيوان ـ قسم الإنتاج الحيواني ـ كلية الز



 ٣

�اري درا�� �  ��� و���� �
�و�� ا
	��د ا�
  �� د	�ج ا������

  

  

�� ���
  ر���� �

 ����� "!� ا��$اب "!� ا���  
  ١٩٨٩ جامعة اسيوط – كلية الزراعة –بكالوريوس في العلوم الزراعية 

   جامعة الازهر–) تكنولوجى انتاج الدواجن(دبلوم الدراسات العليا 

  

  )ا���	����(���(%!�ت ا��'$ل "%. در	� ا��-', ا���+�ء 
  ]إ��5ج ح�$ا�5 ـ ���$�$	� ا��وا	�[�� ا��%$م ا�1را"�� 

  
  :أ	�زه�
�  ./د. أ��" �  ................"!� ا���دى "��

   	���� ا]زه� – آ%�� ا�1را"� –ا���ذ تVWی� ا��وا	� 
  ................ه�Pم ح��� خ%�+� ./ د. أ

   	���� ا]زه�– آ%�� ا�1را"� – ا���$ان ا���ذ ���$�$	.
  ..............�H. "!� ا��$اب ا�-�Pب ./ د

   	���� ا�+�$م– آ%�� ا�1را"� – ���$�$	. ا���$ان  ���"�ا���ذ
  

  

  :تاريخ المناقشة



 ٤

 STUDY OF SOME ANTI-HEAT STRESS PROCEDURES IN BROILERS 

ByByByBy        
Fathi AbdFathi AbdFathi AbdFathi Abd----El Twab AbdEl Twab AbdEl Twab AbdEl Twab Abd----El HafzEl HafzEl HafzEl Hafz    

B.Sc. Agric. Sciences. Assiut University, ١٩٨٩ 
High Diploma (Poultry Technology) 

Al-Azhar University, ١٩٩٤ 

Thesis Thesis Thesis Thesis     
Submitted in Partial Fulfillment of The Requirements for the DegreeSubmitted in Partial Fulfillment of The Requirements for the DegreeSubmitted in Partial Fulfillment of The Requirements for the DegreeSubmitted in Partial Fulfillment of The Requirements for the Degree    

OFOFOFOF    
Master of ScienceMaster of ScienceMaster of ScienceMaster of Science    

InInInIn    
Agricultural Science Agricultural Science Agricultural Science Agricultural Science     
Animal ProductionAnimal ProductionAnimal ProductionAnimal Production    

(Poultry Physiology) 
 

Department of Animal Production 
faculty of Agriculture 
Al-Azhar University 

 
١٤٢٧ AH AH AH AH    

٢٠٠٦ AD AD AD AD    



 ٥

STUDY OF SOME ANTI-HEAT STRESS PROCEDURES IN BROILERS 

ByByByBy        
Fathi AbdFathi AbdFathi AbdFathi Abd----El Twab AbdEl Twab AbdEl Twab AbdEl Twab Abd----El HafzEl HafzEl HafzEl Hafz    

B.Sc. Agric. Sciences. Assiut University, ١٩٨٩ 
High Diploma (Poultry Technology) 

Al-Azhar University, ١٩٩٤ 

Thesis Thesis Thesis Thesis     
Submitted in Partial Fulfillment of The Requirements for the DegreeSubmitted in Partial Fulfillment of The Requirements for the DegreeSubmitted in Partial Fulfillment of The Requirements for the DegreeSubmitted in Partial Fulfillment of The Requirements for the Degree    

OFOFOFOF    
Master of ScienceMaster of ScienceMaster of ScienceMaster of Science    

InInInIn    
Agricultural Science Agricultural Science Agricultural Science Agricultural Science     
Animal ProductionAnimal ProductionAnimal ProductionAnimal Production    

(Poultry Physiology) 
 

Department of Animal Production 
faculty of Agriculture 
Al-Azhar University 

١٤٢٧ AH AH AH AH    

    ٢٠٠٦ AD AD AD AD    

Supervision CommitteeSupervision CommitteeSupervision CommitteeSupervision Committee::::    

١. Prof. Dr. Medhat Hussein Khalil 
Animal PhysiologyAnimal PhysiologyAnimal PhysiologyAnimal Physiology,,,,Department of Animal ProductionDepartment of Animal ProductionDepartment of Animal ProductionDepartment of Animal Production, , , , Faculty of AgricultureFaculty of AgricultureFaculty of AgricultureFaculty of Agriculture, , , , AlAlAlAl----Azhar UniversityAzhar UniversityAzhar UniversityAzhar University    

٢. Prof. Dr. Hesham Hussein Khalifa 
Animal PhysiologyAnimal PhysiologyAnimal PhysiologyAnimal Physiology, , , , Department of AnimalDepartment of AnimalDepartment of AnimalDepartment of Animal Production Production Production Production, , , , Faculty of AgricultureFaculty of AgricultureFaculty of AgricultureFaculty of Agriculture, , , , AlAlAlAl----Azhar UniversityAzhar UniversityAzhar UniversityAzhar University    

٣. Tarek Mohamed Younis  
Poultry NutritionPoultry NutritionPoultry NutritionPoultry Nutrition, , , , Department of Animal ProductionDepartment of Animal ProductionDepartment of Animal ProductionDepartment of Animal Production, , , , Faculty of AgricultureFaculty of AgricultureFaculty of AgricultureFaculty of Agriculture, , , , AlAlAlAl----Azhar UniversityAzhar UniversityAzhar UniversityAzhar University    



 ٦

STUDY OF SOME ANTI-HEAT STRESS PROCEDURES IN BROILERS 

ByByByBy        
Fathi AbdFathi AbdFathi AbdFathi Abd----El Twab AbdEl Twab AbdEl Twab AbdEl Twab Abd----El HafzEl HafzEl HafzEl Hafz    

B.Sc. Agric. Sciences. Assiut University, ١٩٨٩ 
High Diploma (Poultry Technology) 

Al-Azhar University, ١٩٩٤ 

Thesis Thesis Thesis Thesis     
Submitted in Partial Fulfillment of The Requirements for the DegreeSubmitted in Partial Fulfillment of The Requirements for the DegreeSubmitted in Partial Fulfillment of The Requirements for the DegreeSubmitted in Partial Fulfillment of The Requirements for the Degree    

OFOFOFOF    
Master of ScienceMaster of ScienceMaster of ScienceMaster of Science    

InInInIn    
Agricultural Science Agricultural Science Agricultural Science Agricultural Science     
Animal ProductionAnimal ProductionAnimal ProductionAnimal Production    

(Poultry Physiology) 
 

Department of Animal Production 
faculty of Agriculture 
Al-Azhar University 

١٤٢٧ AH AH AH AH    

    ٢٠٠٦ AD AD AD AD    

Approved ByApproved ByApproved ByApproved By::::    
١. Prof. Dr. Abdel-Hady Amer Amer………………………………………… 
ProfProfProfProf. . . . of Poultry Nutritionof Poultry Nutritionof Poultry Nutritionof Poultry Nutrition, , , , Department of Animal productionDepartment of Animal productionDepartment of Animal productionDepartment of Animal production, , , , Faculty of AgricultureFaculty of AgricultureFaculty of AgricultureFaculty of Agriculture, , , , AlAlAlAl----Azhar UniversityAzhar UniversityAzhar UniversityAzhar University....    

٢. Prof. Dr. Hesham Hussein Khalifa ……….……………………………… 
ProfProfProfProf. . . . of Animal Physiologyof Animal Physiologyof Animal Physiologyof Animal Physiology, , , , Department of Animal ProductionDepartment of Animal ProductionDepartment of Animal ProductionDepartment of Animal Production, , , , Faculty of AgricultureFaculty of AgricultureFaculty of AgricultureFaculty of Agriculture, , , , AlAlAlAl----Azhar UniversityAzhar UniversityAzhar UniversityAzhar University....    

٣. Dr. Mona Abdel-Tawab El-Khashab …………………………….. 
Associate ProfAssociate ProfAssociate ProfAssociate Prof. . . . of Animal Physiof Animal Physiof Animal Physiof Animal Physiologyologyologyology, , , , Department of Animal ProductionDepartment of Animal ProductionDepartment of Animal ProductionDepartment of Animal Production, , , , Faculty of AgricultureFaculty of AgricultureFaculty of AgricultureFaculty of Agriculture, , , , AlAlAlAl----Fayum UniversityFayum UniversityFayum UniversityFayum University....    



 ٧

ACKNOWLEDGEMENTACKNOWLEDGEMENTACKNOWLEDGEMENTACKNOWLEDGEMENT    
I wish to express my sincere appreciation and personal gratitude to Dr. Medhat Hussein Khalil, Professor 

of Animal Physiology, Department of Animal Production, Faculty of Agriculture, Al-Azhar University, for his 
dear services during the time of the study and dear thanks for keeping track of the thesis, encouragement and 
his permanent advice.  

My greatest personal indebtedness and gratefulness to Dr. Hesham Hussein Khalifa, Professor of Animal 
Physiology Department of Animal Production Faculty of Agriculture Al-Azhar University, for suggesting a 
plan of this study and keeping track of all its steps and for his permanent seek for providing farms facilities and 
continuous encouragement during all stages of this study. My deep thanks for his help in statistical analysis, 
reviewing and presentation of the Thesis and sincere advice and giving solutions for obstacles that faced us 
during carrying out my scientific material.  

My deep thanks and gratefulness to Dr. Tarek Mohamad Younis, Professor of Poultry Nutrition, 
Department of Animal Production, Faculty of Agriculture Al-Azhar University, for the practical part for this 
research and for his permanent seek for providing farms facilities and collecting data needed and continuous 
encouragement during all stages of this study with giving advice all the time. 

I wish to extend thanks to all staff members and graduate students of the Department of Animal 
Production for their help and co-operation.  

Thank is to be for Allah for all I have. 



 ٨

    
Acknowledgement Acknowledgement Acknowledgement Acknowledgement     

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Content  
 

Con. Page 

١- Introduction ٤-٢ 

٢- Review of Literature ٣٠-٦ 

١-٢- Broiler performance:  

٢-٢- Physiological responses: 

 

 

٣- Materials and Methods ٣٩-٣٢ 

          ١- Broiler performance  

   ٢- Carcass quality and slaughter test  

          ٣- Physiological parameters  

       ٤- Results and Discussion ٧٥-٤١ 

    ١-٤- Meteorological data:  

     ٢-٤-Effect of chronic heat stress   

٣-٤- Effect of acute heat stress   

        ٥- Summary and conclusions ٨٢-٧٧ 

        ٦-Refrences ١٠١-٨٤ 

 
 
 
 



 ٩

 
 
 
 
 
 
١- INTRODUCTION: 

 

High environmental temperature affects greatly the general health and productivity of poultry. 
With the rapid development of the poultry industry worldwide, especially in developing countries, 
importation of temperate-zone high performance stocks to hot regions is on the rise (Yalcin et al., 
١٩٩٧a). The low resistance to heat stress is a big problem for those birds reared in tropic and sub-tropic 
areas where heat stress occurs most frequently when ambient temperatures are above the zone of 
thermoneutrality (١٨�٣ to ٢٣�٩°C) for domestic fowl (Sturkie, ١٩٦٥). Heat stress may occur when 
ambient temperature exceeds ٣٢ °C (Ahmed and Maghraby, ١٩٩٥). 

Acute heat stress occurs frequently during heat waves in tropical and subtropical regions when 
ambient temperature rises dramatically within short period. Chronic heat stress occurs during the hot 
season when the maximum ambient temperature exceeds the upper critical temperature during day. The 
main effects of heat stress on broilers depends on its type where acute heat stress increase mortality rate, 
while the main effect of chronic heat stress is the reduction in productive performance of broilers 
(Khalifa, ١٩٩٩). Under heat stress, body temperature increase as heat storage increase due to the 
unbalance between heat production and heat loss. The main defense mechanisms against heat stress are 
the reduction in heat production is achieved by decreasing metabolic rate through the reduction in 
thyroid hormones and feed intake, which affects the productive performance of broilers. High 
respiratory rate under heat stress may cause blood alkalosis due to PCO٢ loss during heat stress. Also, it 
may affect plasma osmolality and blood volume due to the increase in evaporative water loss. Also, 
hyperthermia may affect plasma electrolytes through its effect on the acid-base balance. 

Consequently, the main effect of high ambient temperatures on broilers is the reduction in feed 
consumption, growth rates and carcass traits, thereby increasing the time needed to reach marketing 
weight and leading to lower efficiency and profitability of poultry meat production in hot climates 
(Geraert et al., ١٩٩٦).  

The main husbandry strategies for preventing heat stress are: the provision of suitable housing and 
environmental modification, and to exploit biological methods of reducing metabolic heat production.  

To alleviate the effect of heat stress most of the previous studies attempt to supplement electrolytes such as 
NH٤Cl, CaCl٢, KCO٣, NaCl and KCl in diet or drinking water to overcome the possible changes in plasma 
osmolality. While, NaHCO٣ and drinking carbonated water were tried to correct the loss in PCO٢ during 
polypnea. Ascorbic acid, tranquilizers, fat supplementation, acclimatization to heat stress in early ages as well as 
drinking cold water were also used to alleviate the effect of heat stress on broiler chicks. Most of these methods 
improved the productivity (growth rate), but a slight or no improvement occurred in survivability, except in 
using heat acclimatization. Acclimatization to heat stress had a significant effect on reducing mortality rate, but 
its effect on productivity depends on the method of acclimatization (Khalifa et al., ٢٠٠٢). 

The present study aimed to evaluate the validity of some managerial methods to alleviate the effect of 
acute and chronic heat stress on morbidity and mortality of broilers. 
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٢- REVIEW OF LITERATURE: 

 

١-٢- Broiler performance: 

١-١-٢- Body weight, weight gain and growth rate: 

١-١-١-٢- Effect of heat stress: 

Hurwitz et al., (١٩٨٠) reported that the growth rate of ٤ to ٨ weeks old broiler chickens was maximal at 
thermoneutral zone (١٨ to ٢٠°C environmental temperature). Whiting et al., (١٩٩١) found that daily cyclic heat 
stress period for ٤ hrs had negative significant effect (P<٠�٠٥) on broiler body weight at ٧ and ٨ weeks of age. 
Eberhart and Washbum (١٩٩٣) reported that body weight and weight gain decreased significantly when ٤ 
weeks old broiler chicks reared in ٣٢°C than in ٢١°C to ٧ weeks of age. Mckee et al., (١٩٩٧) and Cooper and 
Washbun, (١٩٩٨) found that exposure of broilers to heat stress (٣٢°C) resulted in a ٣٥٪ decrease in weight gain 
compared to those exposed to ٢١°C. El-Tantawy et al., (١٩٩٨) found that body weight of broilers was lower 
during summer than in winter.  

Ernst et al., (١٩٨٤) found that at ٧ days of age, exposure to ٤٠ °C for ٦ hrs did not depress body weight, 
but the long acute heat stress for ٢ hrs significantly reduced mean body weight of birds. Also, exposure to ٤٥°C 
for one hour showed a significant reduction in mean body weight at ١٢ days of age, which persisted until ١٦ 
days of age. Cahaner and Leenstra (١٩٩٢) added that growth reduction due to the high temperature was largest 
in the groups with the highest growth rate at favorable feed conversion. 

Moreover, Dale and Fuller (١٩٨٠) found that as pair fed, the chicks in the cool environment gained 
significantly (P<٠�٠٥) more weight than the hotter indicating that factors other than reduced feed intake 
contributed to the growth depression associated with high temperature. 

 

٢-١-١-٢- Effect of ascorbic acid supplementation: 

Orban et al. (١٩٩٣) and Abou-El-Ella and Ismail (١٩٩٩) stated that under normal 

environmental and managerial conditions, there is no need to ascorbic acid 

supplementation and its inclusion in the diet has limited effects on weight gain and feed 

efficiency. This may be due to that birds produce ascorbic acid in their body, therefore, if 

they are not under stress, their requirements will be maintained and the addition of 

ascorbic acid in the diet, especially in small amounts, will not produce any discernible 

effect. Also, Stillborn et al, (١٩٨٨) found that addition of vitamin C to the diet had no 

beneficial effect on the productive performance of broiler chicks maintained under heat 

stress. Hussien (١٩٩٦) reported that ٢٠٠ mg vitamin C/kg diet had no effect on body weight 

of chicks reared under hot climate. 

However, Mckee and Harrison, (١٩٩٥) found that ascorbic acid at ١٥٠ ppm enhanced performance of 
broiler chicks exposed to heat stress by improving weight gain and feed intake. Njoku (١٩٨٦) and Al-Homidan 
(٢٠٠٠) found an improvement in growth performance of broiler chicks reared in tropical environment or 
exposed to high temperatures, when their diets were supplemented either with ٢٠٠ or ٢٥٠ mg vitamin C/kg diet. 
Cier et al., (١٩٩٢) found increase in growth rate of broilers reared under summer conditions and fed diets 
containing ٣٠٠ ,١٥٠ and ٦٠٠ ppm vitamin C/kg diet.  

Attia et al., (٢٠٠٤) indicated that performance of the broiler chicks in terms of body weight at ٣ weeks of 
age, were not significantly affected by the presence of ascorbic acid in the diet. This observation suggests that 
under normal environmental and managerial conditions, the inclusion of ascorbic acid in the diet of broilers had 
limited effects in weight gain and feed efficiency.  

They added that at ٧ weeks of age, body weight gain increased significantly in chicks fed diets 
supplemented with ascorbic acid. The improving in live body weight, body weight gain and feed conversion 
increased with increasing the dietary ascorbic acid level. However, the supplementation of ascorbic acid at ٤٠٠ 
mg/kg diet seemed to be the optimum level owing to the significant best performance (live body weight, body 
weight gain and feed conversion).  

Similar results were reported by Deaton et al., (١٩٨٦), Bollengier-Lee et al. (١٩٩٩) and Puthponsiripern et 
al., (٢٠٠١) and Metwally (٢٠٠٥) who found that there was a significant effect (p<٠�٠٥) for vitamin C levels on 
final body weight and weight changes. Birds fed control diets (without vitamin C) under high environmental 
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temperature (٣٨ °C) exhibited lower final body weight and body weight changes % than that fed diets 
supplemented with ٢٠٠ mg/kg vitamin C.  

In laying hens, Abou-Zeid et al (٢٠٠٠) found that water supplementation with vitamin C at ٢٠٠ mg/L 
increased body weight and improved feed conversion. Abdel Galil and Abdel Samad (٢٠٠٤) reported that 
supplementation diets during hot climate condition with vitamin C sustained hens to maintain its body weight 
higher than control group.  

 

٣-١-١-٢- Effect of sodium or potassium chloride supplementation:  

Teeter and Smith (١٩٨٦) found that supplementing drinking water with ٠�١٥٪ KCl increased live weight 
gain and feed efficiency. Also, many authors found that supplementation of diet or drinking water with NaCl 
improved body weight gain (Smith, ١٩٩٤ and Ahmed, ١٩٩٨). El-Tantawy et al., (١٩٩٨) reported that addition of 
dietary sodium chloride during summer season improved body weight gain and carcass quality of broiler chicks. 
Teeter et al, (١٩٨٥) stated that adding ٠�٣ or ١٪ NH٤Cl to diets increased body weight gain. Similar results were 
found by Damron et al. (١٩٨٦) and Smith and Teeter (١٩٩٣).  

However, Smith (١٩٩٤) reported that addition of KCl to drinking water d id not alleviate the adverse 
effect of heat stress on body weight gain and feed consumption inspire of the rise in water consumption.  

 

٤-١-١-٢- Effect of sodium bicarbonate (NaHCO٣) supplementation:  

Including ٠�٥٪ NaHCO٣ in the diet of heat-stressed birds enhanced body weight gain (Teeter et al., 
١٩٨٥). Similar results have been reported by Balnave and Oliva (١٩٩١); Balnave and Gorman (١٩٩٣) 
and Ahmed and Maghraby (١٩٩٥) who reported that adding NaHCO٣ at levels ranged between ٠�١٦ to 
١�٠ to broiler chick diets significantly increased body weight, weight gain, feed intake and feed efficiency 
during heat stress. Ghazalah, et al., (١٩٩٨) showed that using NaHCO٣ improved significantly the 
average values of body weight, weight gain, feed intake and feed conversion. 

Balnave and Gorman (١٩٩٣) attributed the improvement in feed intake to the bicarbonate ion which 
produce cation-anion balance or dietary electrolyte balance, thereby the body weight and weight gain increased.  

On the contrary, Bottje and Harrison (١٩٨٥) found that adding ١�٠٪ NaHCO٣ to the grower diet for 
cockerels which were reared under heat stress had no effect on growth rate. Also, Smith and Teeter (١٩٩٣) 
observed that broiler performance was not influenced by adding NH٤Cl to broiler diet under heat stress. 

 

٥-١-١-٢- Effect of fat supplementation: 

Scaife et al, (١٩٩٤) reported that food and live weight were greatest for diet supplemented with 
beef tallow. Meanwhile, Attia et al., (٢٠٠٤) showed that added dietary oil did not significantly (P<٠�٠٥) 
affect body weight, body weight gain, feed intake and feed conversion during the starting period (٣-١ 
weeks).  

On the other hand, they found that at ٧ weeks of age, body weight, body weight gain and feed 
conversion for both the finishing (٧-٣ weeks) and the whole experimental periods (٧-١ weeks) improved 
significantly (P<٠�٠٥ or P<٠�٠١) for either chicks fed ١�٥ or ٣٪ oil as compared to those fed ٠�٠٠٪ oil. 
The best broiler performance could be obtained by supplementing oil up to ٣٪ of the diets. Similar 
results were obtained by Volencia et al, (١٩٩٣) who found that no significant differences either in body 
weight or feed utilization at ٣ weeks of age among chicks fed the diets supplemented with vegetable oil. 
However, Holsheimer and Ruesink (١٩٩٣) and El-Eraky and El-Sadawy (١٩٩٧) reported that broiler fed 
the high fat diet had significantly greater body weights and lower feed conversion at ٣ weeks of age. 

According to Krogdahl (١٩٨٥) and Krogdahl and Sell (١٩٨٤), Attia et al., (٢٠٠٤) suggested that the 
insignificant effect of added dietary oil on body weight, body weight gain, feed intake and feed conversion 
during starting period (٣-١ weeks of age) may be due to the limited ability of the chick to absorb the whole fat 
amount, due to insufficient excretion of bile salts and incomplete hydrolysis by the lipase enzyme. Krogdahl 
(١٩٨٥) and Krogdahl and Sell (١٩٨٤) concluded that younger chicks were unable to digest large amounts of fats, 
because of an inadequate enzyme and bile salt secretion in the intestine.  
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Attia et al., (٢٠٠٤) added that it is worthy to note that there was no need to increase the supplemented oil 
up to ٤�٥٪ while the ٣ % oil gave the best performance. Also, Soliman et al., (١٩٩٩) found that broilers received 
٣٪ oil during the finishing period had significantly better growth rate and feed conversion than those received 
٦٪ during hot summer season. On the contrary, Date and Fuller (١٩٨٠) and Deaton et al, (١٩٨٤) found that the 
chicks which received the high dietary fat gained more weight than those fed the low dietary fat level. 

On the other hand, Bartov, (١٩٨٧) found that tallow supplementation (٤�٨٪ during ١ to ١٠ days of 
age winter and ١ to ٢٧ days of age in summer) depressed significantly body weight.  

٦-١-١-٢- Effect of heat acclimation: 

Van Der Hel et al., (١٩٩٢) reported that heat acclimation to constant temperature of ٢٨ to ٣٢ ,٣٢ to ٣٤, 
٣٤ to ٣٥ ,٣٥ to ٣٧ or ٣٧ to ٤٠°C for ٢ days after hatch decreased boy weight gain, feed intake and feed 
conversion at ١٤ and ١٦ days. While, May, (١٩٩٥) found that heat acclimation to ٣٦�١°C and ٨٠٪ RH for ٢٤ hr 
at ٥ and ٧ days old depressed body weight, but a complete and partial compensation for lost weight was 
achieved thereafter.  

Arjona et al., (١٩٨٨) investigated the effect of early heats tress (٣٧°C) for ٢٤ hr) at ٥ days of age on body 
weight at ٢٨ days of age and after exposure to late heat stress ( ٣٥°C to ٣٧�٨°C for ٨ hr ) at ٤٤ and ٤٥ days of 
age. They found that early heat stress significantly decreased body weight at ٢٨ days of age. While, at ٤٨ days of 
age no significant differences were observed between control and both early and late stressed birds. Whereas, 
body weight gain improved significantly when birds were exposed to early heat stress. 

El-Tantawy et al., (١٩٩٨) found that early heat exposure to ٣٨ºC (at the first three days of age) did 
not affect body weigh. However, body weight of biweekly heat stress group decreased significantly as 
compared to other heat stressed groups. However, early heat acclimation did not affect body weight of 
birds. 

Moreover, Yahav and Hurwits (١٩٩٦) stated that feed intake plays a significant role in the 
acclimation process to alleviate the effect of heat stress at ٤٢ days old (moderate rise in body 
temperature and significantly lower mortality rate).  

 

٢-١-٢- Feed intake, water intake and feed conversion: 

١-٢-١-٢- Effect of heat stress: 

Heninger et al., (١٩٦٠) found that exposure to ٣٥°C decreased feed intake of chicks (٢١-٢ days of age) 
from  ٤٨٣�٥ g/bird to ٣٦٩�١ g/bird and to ٢٥٠�٢ g/bird when exposed to ٤٠°C than birds reared under ٢٣°C. 
Deaton et al., (١٩٧٢) reported that the temperature regimes tested (rearing broiler from ٤ to ٨ weeks of age 
under a constant ٢٤°C temperature or in ٢٤ to ٣٥°C temperature) did not significantly (P<٠�٠٥) affect feed 
utilization of broiler at ٨ weeks of age. Hurwitz et al., (١٩٨٠) stated that birds normally decrease their feed 
intake as environmental temperature increases, and the reducing of feed intake lead to decrease heat 
production. 

Teeter et al., (١٩٨٥) reported that when ٤ weeks old broiler chicks were exposed to chronic heat stress ٣٢°C 
for ٤ days or exposed to acute heat stress at ٤٠°C for ٢٠ minutes, the feed consumption decreased by ٤٨٪ 
compared with the control group reared at ٢١°C. Arjona et al., (١٩٨٨) observed that, at ٢٨ days of age, there was 
a significant decrease of feed intake due to heat stress at ٥ days of age.  

Samara et al. (١٩٩٦) who reported that hens exposed to the high temperatures consumed significantly less 
feed and more water compared with those maintained under relatively lower temperatures. Abou EL-Soud and 
Younis (١٩٩٩) found that feed intake and water intake were significantly affected by heat stress. Feed intake 
was significantly lower under high ambient temperature (٤٠ ± I ºC) compared to control (٢٤ºC), while, water 
intake was significantly higher at the high ambient temperature than at the normal one. Feed intake decreased 
when the birds were exposed to ٤٠ºC, compared with those exposed to ٣٢ºC and ٢٤ºC, which reflects the 
linearity of the negative relationship between feed intake and severity of heat stress and water intake increased 
when heat stress level increased. 

(Yahav et al., ١٩٩٥ and ١٩٩٦) demonstrated that the growth rate of ٤- to ٨-week old declined 
progressively at temperatures higher than ٢٠°C.  
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Hurwitz et al., (١٩٨٠) found that feed efficiency (g gain/g feed intake) for White Rock broilers (٨ 
weeks of age) increased with temperature to reach a maximum at ٢٧°C and then decreased between 
٢٧°C and ٣٤°C. Also, Dale and Fuller (١٩٨٠) found that heat stress depressed feed conversion ratio in 
all cases. Harris et al., (١٩٧٤) studied the effect of twelve temperature cycles, varying between three 
minimum (١٨�٣ ,١٥ and ٢٣�٩°C) and maximum (٣٥ ,٢٩�٤ ,٢٣�٩ and ٤٠�٦°C) air temperatures (٣ to ٨ 
weeks of age) on broiler performance and found no significant effects on feed efficiency. Deaton et al., 
(١٩٧٨) reported that feed conversion of broilers from ٧ - ٤ weeks of age was essentially the same when 
broilers reared under high cyclic temperature regime (٢٤ ٣٥ -٢٤°C) as that for broilers reared at 
٢١�١°C., but at ٨ weeks of age feed conversion was higher for broilers reared under the high cyclic 
temperature regime than those reared at ٢١�١°C. 

Cooper and Washbum (l٩٩٨) noticed significant reduction in feed intake from ٢٨ to ٤٩ days of age when 
broiler chicks exposed to heat stress (٣٢°C). They added that, there was a significant increase in feed conversion 
ratio through the first two weeks of age, however no significant difference between ٣٢ and ٢١°C was observed at 
the third weeks of age. Feed conversion ratio of thermoneuteral birds was better than that of heat stress birds at 
٢٨ to ٤٩ days of age. Furthermore, El-Tantawy et al., (١٩٩٨) found that body weight and feed consumption of 
broilers were lower but dressing percentage was higher during summer than winter.  

On the other hand, Cerniglia et al., (١٩٨٣) reported that feed efficiency was similar between birds reared 
at ٢٤°C and ٣٥°C (there was no significant difference between each environment). 

 

٢-٢-١-٢- Effect of ascorbic acid supplementation 

Attia et al., (٢٠٠٤) indicated that body weight, body weight gain, feed intake and feed conversion at ٣-١ 
weeks of age were not significantly (P<٠�٠٥) affected by the addition of ascorbic acid in the diet. No significant 
differences were observed in daily feed intake during ٧-٣ and ٧-١ weeks of age due to ascorbic acid 
supplementation at any level compared to the control. However, live body weight, body weight gain, and feed 
conversion were improved significantly (P<٠�٠٥ or P<٠�٠١) during ٧-١ weeks of age for chicks fed diets 
supplemented with ascorbic acid. They added that, the supplementation of ascorbic acid at ٤٠٠ mg/kg diet 
seemed to be the optimum level according to the best significantly performance.  

Bell and Marion (١٩٩٠) and Metwally (٢٠٠٥) indicated that supplemental ٢٠٠ mg/kg diet of vitamin C 
had a positive significant (P<٠�٠٥) effect on final body weight and feed conversion of hens. 

 

٣-٢-١-٢- Effect of potassium chloride supplementation: 

Supplementation of diet or drinking water with NaCl increased water consumption, while feed 
consumption decreased (Smith, ١٩٩٤, Ahmed, ١٩٩٨ and El-Tantawy, ١٩٩٨). Ait-Boulahsen et al (١٩٩٥) 
stated that water intake increased with the concentration of KC ١.  

Teeter and Smith (١٩٨٦) found that supplementing drinking water with ٠�١٥٪ KCl increased live 
weight gain and feed efficiency. 

 

٤-٢-١-٢- Effect of sodium bicarbonate (NaHCO٣) supplementation:  

Supplementation of diet with ٠�٣٢٪ NaHCO٣ did not alleviate the adverse effect of heat stress on 
feed consumption or water consumption (Branton et al., ١٩٨٦).  

Many authors observed that adding NaHCO٣ at levels ranged between ٠�١٦ to ١�٠ to broiler chick diets 
increased significantly feed intake and feed efficiency during heat stress (٣٢ºC) (Bottje and Harrison, ١٩٨٥; 
Fixter et al., ١٩٨٧; Balnave and Oliva, ١٩٩١; Balnave and Gorman, ١٩٩٣ and Ahmed and Maghraby, ١٩٩٥).  

Ghazalah, et al., (١٩٩٨) suggested that the decrease in body temperature and panting rate by NaHCO٣ 
supplementation may be due to the increase in water consumption. 

 

٥-٢-١-٢- Effect of fat supplementation 

Attia et al., (٢٠٠٤) showed that added dietary oil did not significantly (P<٠�٠٥) affect body weight, body 
weight gain, feed intake and feed conversion during the starting period (٣-١ weeks). On the other hand at ٧ 
weeks of age, body weight, body weight gain and feed conversion for both the finishing (٧-٣ weeks) and the 
whole experimental periods (٧-١ weeks) improved significantly (P<٠�٠٥ or P<٠�٠١) for either chicks fed ١�٥ or 
٣٪ oil as compared to those fed ٠�٠٠٪ oil. 

 

٦-٢-١-٢- Effect of heat acclimation 
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Heat acclimation to constant temperature of ٢٨ to ٣٢ ,٣٢ to ٣٤ ,٣٤ to ٣٥ ,٣٥ to ٣٧ or ٣٧ to ٤٠°C 
for ٢ days after hatch decreased boy weight gain, feed intake and feed conversion at ١٤ and ١٦ days 
(Van Der Hel et al, ١٩٩٢).  

Meanwhile, Arjona et al., (١٩٨٨) found that a significant improvement in feed efficiency was noticed 
at ٤٢ days of age due to early heat stress. Also, Yahav and Hurwitz (١٩٩٦) reported that feed intake and 
feed efficiency increased when the ٥ days old broiler chicks exposed to ٣٦°C for ٢٤ hrs at ٥ and ٧-٥ and 
٤٢ days for ٦ hrs. than the control at ٤ and ٩ weeks of age. However, the twice exposed group did not 
reach the feed intake of the control group at ٤ and ٦ weeks of age. 

 

٣-١-٢- Mortality rate: 

١-٣-١-٢- Effect of heat stress: 

In domestic fowls, when temperatures exceeding ٣٨°C thermotolerance is overcome leading to 
marked mortality (Sequibb and Wogan, ١٩٦٠). Deaton et al. (١٩٨٦) reported that high temperature in 
Summer increased significantly the heat prostration of broilers as compared to those exposed to normal 
temperature. 

Brown (١٩٨٦) demonstrated that exposure of broiler chicks to high environmental temperature increased 
mortality rate. Pardue et al. (١٩٨٥) and Brown (١٩٨٦) reported that as environmental temperature exceeding 
٣٥°C mortality and morbidity of broiler chicks increase.  

 

٢-٣-١-٢- Effect of ascorbic acid supplementation: 

Metwally (٢٠٠٥) indicated that supplemental ٢٠٠ mg/kg diet of vitamin C had a positive significant 
(P<٠�٠٥) effect on final body weight, mortality rate and feed conversion of Dandarawi hens. 

 

٣-٣-١-٢- Effect of potassium chloride supplementation: 

Metwally (٢٠٠٥) Lower mortality rate was observed during the experimental period under high 
environmental temperature with birds that fed diets supplemented with the highest levels of vitamin C. Birds 
that received ٢٠٠ mg/kg vitamin C exhibited lower percentages of mortality (٨�٤٨٪) compared to control birds 
(١١�٧٨٪). Similar results were obtained by Attia (١٩٦٧).  

٤-٣-١-٢- Effect of sodium bicarbonate (NaHCO٣) supplementation:  

Bottje and Harrison (١٩٨٥); Fixter et al. (١٩٨٧); Balnave and Oliva (١٩٩١); Balnave and Gorman (١٩٩٣) 
and Ahmed and Maghraby (١٩٩٥) observed that adding NaHCO٣ at levels ranged between ٠�١٦ to ١�٠ to broiler 
chick diets decreased mortality rate during heat stress (٣٢ºC).  

In addition, supplementation of diet with ٠�٣٢٪ NaHCO٣ did not alleviate the adverse effect of heat 
stress on mortality rate, while ٠�٦٣٪ reduced mortality rate (Branton et al., ١٩٨٦). Similar results were 
found by Ahmad et al., (٢٠٠٥). 

 

٥-٣-١-٢- Effect of fat supplementation: 

The beneficial effects of adding oil to broiler diets during heat stress were likely due to reduced heat 
production, since fat has a lower heat increment than either protein or carbohydrate. In addition fat offers an 
extra-caloric value by decreasing the rate of passage of digests, thereby increasing the utilization of nutrients 
(Rama Rao et al, ٢٠٠٢). Wilson et al, (١٩٨٠) found that high environmental temperature caused an increase in 
food passage time in White Peking ducks, dietary fat can therefore help in contracting this effect of high 
temperature.  

 

٦-٣-١-٢- Effect of heat acclimation: 

May (١٩٩٥) found that acclimation to constant ٣٦�١°C for ٢٤ hr at ٦-٥ day old did not influence 
resistance to later heat exposure measured by mortality.  

Yahav and Hurwits (١٩٩٦) demonstrated that heat acclimation alleviated the effect of stress at ٤٢ 
days old (moderate rise in body temperature and significantly lower mortality rate). Arjona et al. ( ١٩٨٨) 
reported that exposing the birds to high environmental temperature at early age (٣٧�٨°C at ٥ days of 
age) resulted in a significant decrease in mortality when birds were exposed to a high environmental 
temperature again later in life at ٤٦ - ٤٤ days of age.  

 

٤-١-٢- Carcass quality and slaughter tests: 
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١-٤-١-٢- Effect of heat stress: 

El-Tantawy et al., (١٩٩٨) found that broilers dressing percentage was higher during summer than in 
winter. However, feather as a percentage of body weight was significantly lower in summer. High ambient 
temperature in summer increased the water and ash but decreased protein contents of the carcass especially at 
the ٦th and ٧th week of age. They explained that the higher moisture content in summer than in winter may be 
due to lower carcass fat content in summer or higher water retention in summer as an adaptive mechanism for 
hot climate. Similar results were found by Lyon (١٩٨٣). 

 

٢-٤-١-٢- Effect of ascorbic acid supplementation 

Attia et al., (٢٠٠٤) did not find any significant effect on all traits of carcass studied due to 
the supplementation of ascorbic acid in broiler chicks. Abou-El-Ella and Ismail (١٩٩٩) found 
that carcass, giblets and yield were not significantly affected by the ascorbic acid 

supplementation in the diet under heat stress.  
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٣-٤-١-٢- Effect of potassium chloride supplementation: 

Supplementation of diet or drinking water with NaCl had no significant effect on carcass 
characteristics (Smith, ١٩٩٤, Ahmed, ١٩٩٨ and El-Tantawy, ١٩٩٨). 

 

٤-٤-١-٢- Effect of sodium bicarbonate (NaHCO٣) supplementation:  

Drinking carbonated water improved bone characteristics (Nitta, ١٩٨٦) and alleviated the 
reduction in Pco٢ and the rise in pH during heat stress (Bottje and Harrison, ١٩٨٥). However, it did not 
improve the effect of heat stress on RR, BT or carcass quality (Raup and Bottje, ١٩٩٠ and Khalifa, 
١٩٩٩). 

Ahmad et al., (٢٠٠٥) studied the effect of NaHCO٣ on slaughter test. They found a significantly higher 
carcass weight and dressing percentage in birds fed diets supplemented with NaHCO٣ than the control. 

 

٥-٤-١-٢- Effect of fat supplementation 

Attia et al., (٢٠٠٤) did not find any significant effect on all traits of carcass studied due to 
the supplementation of oil in broiler chicks. These results are similar to those obtained by 

Soliman et al, (١٩٩٩) who found that corn oil supplemented at levels of ٣٪ and ٦٪ had no 
significant effect on carcass characteristics during summer season. Also, Abou-El-Ella and 

Ismail (١٩٩٩) found that carcass, giblets and yield were not significantly affected by the 
ascorbic acid supplementation in the diet under heat stress.  

 

٦-٤-١-٢- Effect of heat acclimation 

Heat acclimation to constant temperature of ٢٨ to ٣٢ ,٣٢ to ٣٤ ,٣٤ to ٣٥ ,٣٥ to ٣٧ or ٣٧ to ٤٠°C 
for ٢ days after hatch decreased body components at ١٤ and ١٦ days (Van Der Hel et al, ١٩٩٢).  

El-Tantawy et al, (١٩٩٨) reported that early acclimation during chronic heat stress by cyclic 
temperature for the consecutive ٣ days after hatch improved carcass quality. Heat acclimation either 
early or biweekly to ٣٨ºC had no significant effect on carcass dressing %, it decreased the percentage of 
moisture and increased the percentage of protein and fat. 

 



 ١٧

٢-٢- Physiological responses: 

١-٢-٢- Rectal temperature: 

١-١-٢-٢- Effect of heat stress: 

Many authors reported that body temperature or rectal temperature of broilers increased significantly 
under heat stress (≥٣٢ °C) or as ambient temperature increases (Ching and Yeh, ١٩٩٢; May and Lott, ١٩٩٢; 
Teeter et al., ١٩٩٢; Beker and Teeter, ١٩٩٤; El-Gendy and Washbum, ١٩٩٥; Yahav and Hurwitz, ١٩٩٦; Yahav 
et al., ١٩٩٧; and Cooper and Washbum, ١٩٩٨). Moreover, Abou EL-Soud and Younis (١٩٩٩) found that rectal 
temperature increased with the increase of the ambient temperature, however, this increase was highly 
significant (p<٠�٠٠١) only when the ambient temperature exceeded ٣٢ºC. 

Teeter et al. (١٩٨٧) and May et al. (١٩٨٧) suggested that body temperature is a good indicator for 
acclimation. They added that acclimated broiler had lower body temperature than unacclimated birds when 
both exposed to high environmental temperature.  

Lott (١٩٩٠) studied the relation between feed to water ratio and body temperature. He reported that 
acclimated broiler had significant lower ending rectal temperature than the unacclimated group when the birds 
not receiving feed in both group and consumption water was ٥٨ and ٣٠ ml/ bird, respectively. He suggested that 
if feed is removed from the birds, water consumption will initially decrease thereby causing an increase in body 
temperature during the heat exposure. 

Teeter et al., (١٩٩٢) studied the relationship between the ambient temperature, birds acclimation to 
cycling temperature ٢٤-٣٥-٢٤°C, heat distress and feed consumption. They found that birds acclimated to heat 
stress had lower (P<٠�٠٥) body temperature (٤٤�١ vs. ٤٤�٦°C) during heat stress than their unacclimated 
counterparts. In contrast body temperature of heat stress acclimated birds was higher (P<٠�٠٥) when measured 
at ٢٤°c ambient temperature (٤٢�٣ vs. ٤١�٢°C). They also reported that the heat stress acclimation and feeding 
level significantly (P<٠�٠١) increased birds rectal temperature. They believed that the interaction between 
ambient temperature and feed consumption level suggests that their effected on body temperature was additive. 

 

٢-١-٢-٢- Effect of ascorbic acid supplementation: 

Metwally (٢٠٠٥) showed that there were no significant effects due to vitamin C supplementation on 
Dandarawi laying hen’s body temperature. 

The insignificant differences in body temperature due to vitamin C supplementation are supported by the 
findings of Pardue et al., (١٩٨٥) who compared chicks supplemented with ١٠٠٠ ppm vitamin C and 
unsupplemented ckicks maintained at ٢٢ C or acutely exposed to ٤٣ °C. However, it has been stated by various 
workers that vitamin C supplementation resulted in significantly lower body temperature at elevated 
environmental temperature (Ahmed et al., ١٩٦٧ and Lyle and Moreng, ١٩٦٨).  

 

٣-١-٢-٢- Effect of potassium chloride supplementation: 

Supplementation of diet or drinking water with NaCl improved body weight gain, increased water 
consumption, while feed consumption decreased and body temperature increased (Smith, ١٩٩٤, Ahmed, 
١٩٩٨ and El-Tantawy, ١٩٩٨). 

Addition of KCl to drinking water did not alleviate  the adverse effect of heat stress on body 
temperature inspire of the rise in water consumption (Smith, ١٩٩٤). 

Ait-Boulahsen et al (١٩٩٥) stated that during heat stress, ٠�٦٪ KC١-birds had lower hyperthermic (body 
temperature) and pH values and higher Ca٢+ and K concentrations than controls. They concluded that the 
beneficial effect of ٠�٦٪ KC١ may in part be attributed to the accompanying Cl. The results showed that ٠�٦٪ 
KC١ solution reduced heat stress-related responses and indicated a relationship among supplemental KC١, 
blood Ca٢+, and body temperature. 

Nagwa Ahmaed et al., (١٩٩٨) found that during hot weather, NaCl supplementation to the basal 
diet of broilers caused a slight reduction in rectal temperature. 

 

٤-١-٢-٢- Effect of sodium bicarbonate (NaHCO٣) supplementation:  

Bottje and Harrison (١٩٨٥); Fixter et al. (١٩٨٧); Balnave and Oliva (١٩٩١); Balnave and Gorman (١٩٩٣) 
and Ahmed and Maghraby (١٩٩٥) observed that adding NaHCO٣ at levels ranged between ٠�١٦ to ١�٠ to broiler 
chick diets significantly decreased body temperature during heat stress (٣٢ºC).  

Similar results were reported by Teeter and Smith (١٩٨٦); and Osman (١٩٩٦) who found that adding 
either NaHCO٣ or NH٤Cl to broiler chick diets or drinking water under heat stress significantly decreased body 
temperature and panting rate values compared to control group (without supplementation). 

Ghazalah, et al., (١٩٩٨) showed that the average values of body temperature, rectal temperature and 
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panting rate were nearly similar and without significant differences due to NaHCO٣ supplementation. 
Meanwhile, body temperature, rectal temperature and panting rate were slightly decreased, not significantly, at 
٢٪ NaHCO٣ compared to ١٪ NaHCO٣ supplementation. 

Ahmad et al. (٢٠٠٥) indicated that NaHCO٣ and NH٤Cl significantly (p < ٠�٠٠٨) reduced the internal 
body temperature of heat stressed broilers than those of other electrolyte supplements or control group. This 
effect was more pronounced (p < ٠�٠٠٠١) during the hottest times of the day. 

 

٥-١-٢-٢- Effect of fat supplementation: 

Rama Rao et al, (٢٠٠٢) concluded that the beneficial effects of adding oil to diets were likely due to 
reduced heat production, since fat has a lower heat increment than either protein or carbohydrate.  

٦-١-٢-٢- Effect of heat acclimation 

Teeter et al. (١٩٨٧) and May et al. (١٩٨٧) suggested that body temperature is a good indicator for 
acclimation. They added that acclimated broiler had lower body temperature than unacclimated birds when 
both exposed to high environmental temperature. Birds previously exposed to heat stress had lower body 
temperature during heat stress than their unacclimation counterparts (٤٤�١ vs. ٤٤�٦°C). 

Yahav and Huwits (١٩٩٦) demonstrated that heat acclimation alleviated the effect of heat stress at ٤٢ 
days old (moderate rise in body temperature and significantly lower mortality rate). Heat acclimation to cyclic 
temperature (٢٤ to ٣٥°C) for two ٢٤-hr cycles at ٦-day old alleviated the rise in body temperature during heat 
stress, but feed intake plays a significant role in the acclimation process.  

May and Lot (١٩٩٢) stated that during heat stress, heat acclimated broilers had lower body temperature 
than unacclimated birds. 

 

٢-٢-٢- Respiration rate: 

١-٢-٢-٢- Effect of heat stress: 

Many investigators reported that respiration rate is the greatest one of numerous thermoregulatory 
mechanisms used to help maintain body temperature within the normal limits during heat stress (Kicka, ١٩٧٣; 
Macleod and Jewitt, ١٩٨٤ and Beker and Teeter, ١٩٩٤). 

Kamar and Khalifa, (١٩٦٧) stated that  respiration rate increased greatly in hot environment to raise heat 
loss by evaporative cooling (it was ٤٨ in warm vs. ٥٥ breath / minute and in hot environment).  

Brees et al. (١٩٨٩) studied the effect of heat stress on respiration rate of ٥ weeks-old broiler chicks and 
found that heat treatment for ٢ hr increased respiration rate to ١٩٥ vs. ٢٥ breath per minute in the optimum 
temperature. Similar results were found by Wiemusz and Teeter (١٩٩٥).  Belay and Teeter (١٩٩٣) exposed 
broiler chicks at ٤٩ day of age to ٣٥°C for ٤ hrs and found that the respiration rate increased to ٧٣ vs. ٣٠ 
breaths per minute in the control group. Also, Khalifa et al., (١٩٩٤) reported that respiration rate was 
significantly higher in summer than winter at all ages. 

El-Gendy and Washbum (١٩٩٥) reported that exposure to acute heat stress (٤٣°C for ٤٥ min.) resulted in 
a significant increase in respiration rate. Similar results have been obtained by Yahav and Hurwitz, (١٩٩٦); 
Yahav et al., (١٩٩٧); and Cooper and Washbum, (١٩٩٨) when broilers exposed to acute heat stress from ٣٨ – ٣٢ 
°C. 

 

٢-٢-٢-٢- Effect of potassium chloride supplementation: 

Khalifa et al. (١٩٩٤) and Nagwa Ahmaed et al., (١٩٩٨) found that NaCl supplementation to the 
basal diet of broilers during hot weather, caused a slight reduction (not significant) in respiration rate. 

Bottje and Harrison (١٩٨٥) found that addition of CaC١٢ to broiler diets decreased blood pH during heat 
stress, while a significant reduction in Pco٢ occurred. 

 

٤-٢-٢-٢- Effect of sodium bicarbonate (NaHCO٣) supplementation  

Bottje and Harrison (١٩٨٥); Fixter et al. (١٩٨٧); Balnave and Oliva (١٩٩١); Balnave and Gorman (١٩٩٣) 
and Ahmed and Maghraby (١٩٩٥) observed that adding NaHCO٣ at levels ranged between ٠�١٦ to ١�٠ to broiler 
chick diets significantly decreased blood pH and panting rate during heat stress (٣٢ºC). Also, Teeter and Smith 
(١٩٨٦) and Osman (١٩٩٦) found that adding either NaHCO٣ or NH٤Cl to broiler chick diets or drinking water 
under heat stress significantly decreased body temperature and panting rate values compared to control group 
(without supplementation). 

Ghazalah, et al., (١٩٩٨) showed that the average values of body temperature, rectal temperature and 
panting rate were nearly similar and without significant differences due to NaHCO٣ supplementation.  
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Ahmad et al. (٢٠٠٥) stated that at high temperature, birds increase their respiration rate in an attempt to 
increase the rate of evaporative cooling. Such hyperventilation increases carbon dioxide loss and as a result 
respiratory alkalosis develops. They concluded that under heat stress electrolyte/acid–base balance is an 
important variable for the maintenance of productivity and survivability of broiler birds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
٣- MATERIALS AND METHODS: 

 

The present study was conducted in the Poultry Experimental Station, Faculty of Agriculture, Al-Azhar 
University, Cairo, Egypt.   

A total number of ٣٥٠ one day old Arbor Acres chicks were used to study the effect of vitamin C, 
potassium chloride, sodium bicarbonate, fat supplementation and early heat acclimation on performance and 
some physiological parameters of the broilers under chronic (during hot summer season ٤٠-٢٧°C) and acute 
(exposure to ٥٠ °C until ٢٥٪ of the control group died) heat stress. The study was carried out during June and 
July.  

Broiler chicks were reared in floor pens and fed a basal diet containing ٢٣٪ CP and ٣٠٠٠ kcal ME/kg diet 
during the first ٧ days of age. Thereafter, ٢٧٠ chicks were selected weighed and randomly distributed into ٦ 
groups each contain ٤٥ chicks in ٣ replicates (١٥ chicks each). The average body weight for chicks was nearly 
similar (about ١٦٠ gm). 

Two diets were used in this study (Table, ١). The first one is the standard diet (NRC, ١٩٩٤) and the second 
one is fat supplemented diet (٤ % fat). In each diet the starter was fed during the period for ٨ to ٣٥ days of age 
and the finisher was fed during the period from ٣٦ to ٤٢ days of age.  

 

 

 

The experimental design of the six groups was as follows:  
Group ١, diet ١ + vitamin C ٠�٣ gm/kg feed 
Group ٢, diet ١+ Potassium chloride ١٠ gm/kg feed 
Group ٣, diet ١ + Sodium bicarbonate ١٠ gm/kg feed 
Group ٤, diet ١ + Heat acclimation (exposure to ٣٨ºC for ٤ hrs at the ٢nd weeks of age for two successive days) 
Group ٥, diet ١ (control)       
Group ٦, diet ٢ (٤٪ fat supplemented diet).  

All rations were calculated to cover broiler recommendations for all nutrients according to the 
recommendations of NRC (١٩٩٤). The birds were exposed to ٢٣ hrs photo period. Feed and water were 
provided ad-lib. 

Two experiments were carried out to study the effect of chronic and acute heat stress on some productive 
and physiological parameters of broilers. 
 
Effect of chronic heat stress during summer (first experiment): 

The First experiment was designed to investigate the effect of chronic heat stress (high ambient 
temperature during summer season ٤٠-٢٧°C). The performance and carcass quality parameters were measured 
weekly on each replicate. Physiological parameters were measure weekly on ١٠ birds selected randomly from 
each group.  
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Table (١): Composition of the experimental diets. 
 

 Diet ١ Diet ٢ 
Ingredient  Starter Finisher Starter Finisher 

Concentrate* 
Corn yellow 

Soybean Meal ٤٤٪ 
Dicalcium phosphate 
D.L Methionine  
Soy oil  
wheat bran  

١٠ 
٥٩�٨١ 
١٨�٤ 
٠�٢ 
٠�٠٩ 
١�٥ 
٠ 

١٠ 
٧٣�٣ 
١٤�٥ 
٠�٢ 
٠ 
٢ 
٠ 

١٠ 
٤٤�٣ 
٢٧�٤ 
٠�٢ 
٠�١ 
٦ 

١٢ 

١٠ 
٥٨�٢ 
١٣�٦ 
٠�٢ 
٠ 
٦ 

١٢ 

 ١٠٠ ١٠٠ ١٠٠ ١٠٠ 
Calculated Analysis     
Crude protein % 
ME (Kcal/kg feed) 
Lysine % 
Methionine % 
Methionine + cystine 
Calcium % 
Av. Phosphorus % 

٢٢�١٥ 
٢٩٦٥ 
١�٢٤ 
٠�٥٤ 
٠�٩١ 
٠�٩٥ 
٠�٤٧ 

١٧�٠٢ 
٣١٤٦ 
٠�٨٦ 
٠�٣٩ 
٠�٦٩ 
٠�٩١ 
٠�٤٥ 

٢٢�٣٢ 
٢٩٦٩ 
١�٢٤ 
٠�٥٣ 
٠�٩١ 
٠�٩٦ 
٠�٥٣ 

١٧�٢٨ 
٣١٣٠ 
٠�٨٧ 
٠�٣٧ 
٠�٦٨ 
٠�٩٢ 
٠�٥ 

 
Broiler Concentrate contains* 
٥٢٪ Crude protein, ١�٥٧ Crude fiber, ٦�١٧٪ ether extract, ٧٪ calaium, ٣�٥٪ available Phosphorus, ١�٥٢٪ 
methionine ٢�١١٪ methionine and cyctime, ٢�٩٨٪ Lysine, ٢٤١٦ Kcal/kg metabolizable energy.  
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Ambient temperature and relative humidity were recorded daily at noon (١٢:٠٠ p.m.). Table (٢) shows the 
mean ambient temperature and relative humidity during the experimental period (٧-١ weeks of age). Data 
indicated that ambient temperature ranged between ٢٧�٠ and ٣٥�٦°C and relative humidity was between ٥٠ 
and ٥٤٪.  

 

The following parameters were measured in the first experiment: 

١- Broiler performance: 

١-١- Average live body weight:- 

 Chicks were individually weighed every week throughout the experimental period from ١٠ to ٤٥ days of 
age. Individual live body weights were totaled and divided by the number of chicks to obtain the average live 
body weight (LBW) 

 

٢-١- Average live body weight gain:- 

 The average live body weight gain was calculated by subtracting the individual initial live weight of the 
final one on the same period. Individual live weight gains were totaled and divided by the number of chicks to 
obtain the average live body weight gain (BWG)  

 

٣-١- Feed intake (FI):    

 The weight of pen feeding was recorded at weekly intervals. Chicks in each replicate were provided 
with a certain amount of feed every week. The residuals were obtained at the end of the same week and the 
amount of feed consumed was calculated by differences. The following equation was applied to obtain the 
average amount of feed consumption.  

feed intake (gm/bird/period) = 

Amount of feed consumed for each replicate   

             Number of chicks consumed feed 

 

٤-١- Feed conversion (FC): 

Feed conversion (feed required to produce a unit of gain) was calculated for each age interval by dividing 
the average feed consumption per chicks per week by average body weight gain per chick per week.  

 

٥-١- Mortality rate:-  

 Mortality rate was calculated during the different experimental periods as absolute number and as a 
percent of total number of birds in each group. In the second experiment, mortality rate was calculated after 
exposure to heat stress. 

 

٦-١- Water intake (WI):     

 The amount of pen water intake was recorded at weekly intervals. Chicks in each replicate were 
provided with a certain amount of water every week. The residuals were obtained at the end of the same week 
and the amount of water consumed was calculated by differences.  

 

٢- Carcass quality and slaughter test:-     

 At the end of the first experiment (٧ weeks age), ٦ birds (٣ males and ٣ females) from each group 
were randomly chosen for slaughter test. Before slaughter, the birds were starved for ١٢ hr. then, weighed 
slaughtered and allowed to bleed freely for about ١٥ minutes. The carcass quality was measured as absolute 
weight or as percentage of body or carcass weight. The weight of heart, gizzard, liver, abdominal fat, dressing 
and edible parts were obtained on an accurate balance (±٢ gm). Chemical components of the carcass 
(moisture%, protein%, fat% and ash%) were determined according to the methods of A.O.A.C. (١٩٨٠). 

٣- Physiological parameters: 

Rectal temperature and respiration rate were recorded weekly at noon (١٢:٠٠ p.m.). 

 

١-٣- Rectal temperature (RT):- 

Rectal temperature (RT), as an expression of body temperature, was measured in weekly intervals in the 
first experiment and before and after exposure to heat stress in the second one. The RT was measured using a 
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digital thermometer with a ٧-cm insertion probe and was recorded when the reading was stable for ١٥ second as 
described by Deeb and Cahaner, (١٩٩٩). 

٢-٣- Respiration rate (RR): 

Respiration rate was measured by counting abdominal movement per minute.  

Heat stress experiment (experiment ٢): 

At the end of growing period (٦th week), ٢٠ birds from each group were selected randomly and kept in 
floor pens for one week before the start of the experiment. Ambient temperature increased gradually (within ٢ 
hours) from normal range (٣٢) to ٤٠ °C using electric heaters. Heat stress remained from ١٢:٠٠ until ٢٥٪ of the 
control group died from heat stress. Rectal temperature, and respiration rate were determined before and after 
the end of the experiment. Mortality rate in each group was calculated at the end of the experiment.  

Rectal temperature, as an expression of body temperature (RT), and respiration rate (RR) were measured 
on each bird before and after the end of exposure to heat stress. The RT was measured using a digital 
thermometer with a ٧-cm insertion probe and was recorded when the reading was stable for ١٥ seconds (Deeb 
and Cahaner, ١٩٩٩). Respiration rate was measured by counting the abdomen movement per minute. 

Statistical analysis: 

Data were subjected to one way ANOVA using GLM (SAS Institute, ١٩٩٧), with group as main effect 
according to the model 

Y = µ + group + e 

where Y is the dependent variable (BW, WG, FC, FE, RT or RR), µ is the grand mean, and e is the 
random residual error term. 

Mean comparison for variables having a significant F-test were done using Duncan's multiple range test 
(Duncan, ١٩٩٥). 
 
 

٤- RESULTS AND DISCUSSION: 

 

١-٤- Meteorological data: 

Table (٢) indicates that during the experimental period, birds were under sever heat stress during day 
time when maximum temperature and THI exceeded the upper critical temperature of broilers (>٣٢ °C) as 
mentioned by Yahav et al., (١٩٩٧) and Cooper and Washbum, (١٩٩٨) and  Abou EL-Soud and Younis (١٩٩٩). 
Meanwhile, the minimum ambient temperature was higher than the thermoneutral zone of domestic fowls 
(Sturkie, ١٩٦٥). 
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Table (٢): Mean ambient temperature, relative humidity and THI during the experimental period. 
 

Period Ta RH % THI 
Min.  

Ta 

Max. 

Ta 

Min. 

THI 

Max. 

THI 

١ week ٨٤�٧٠ ٧٢�٧٤ ٣٩ ٢٨ ٧٨�٥٠ ٧٢ ٣٣�٣ 

٢ weeks ٨٤�١٤ ٧٢�٤٣ ٣٩ ٢٨ ٧٩�١٣ ٧٤�٣ ٣٤�٣ 

٣ weeks ٨٣�٩٧ ٧٤�٤٥ ٣٩ ٣٠ ٨٢�٢٨ ٧٥ ٣٧�٤ 

٤ weeks ٨٣�٦١ ٧٤�٩١ ٣٨ ٣٠ ٧٨�١٧ ٧٢ ٣٣ 

٥ weeks ٨٤�٧٠ ٧٢�٧٤ ٣٩ ٢٨ ٧٧�٠٩ ٧٢ ٣٢ 

٦ weeks ٨٣�٦١ ٧٢�٧٤ ٣٨ ٢٨ ٧٧�٠٩ ٧٢ ٣٢ 

٧ weeks ٨٥�٧٨ ٧١�٦٥ ٤٠ ٢٧ ٧٧�٠٩ ٧٢ ٣٢ 

٨ weeks ٨٥�٧٨ ٧٤�٩١ ٤٠ ٣٠ ٧٩�٢٦ ٧٢ ٣٤ 

Ta = ambient temperature (°C) 

RH% = Relative humidity (%) 

THI = Temperature humidity index (thorn, ١٩٦٠). 

Min. = Minimum value. 

Max. = Maximum value. 

 



 ٢٤

٢-٤- Effect of chronic heat stress (experiment ١): 

١-٢-٤- Broiler performance: 

١-١-٢-٤- Body weight, weight gain and growth rate: 

The average initial and final body weights of broiler chicks in different treatments are shown in Table (٣). 

Statistical analysis revealed that initial body weight did not differ significantly between groups. However, 
final body weight and weight gain (total gain or daily gain) tended to be higher in the fat supplemented group 
(G٦) than all other groups being significant with vitamin C supplemented group (G١).  Also, no significant 
differences in final body weight or weight gain were found between the control group (G٥) and all treated 
groups. These results indicate that treatments had no significant effect on final body weight and body weight 
gain except the significantly higher values in fat supplemented group than in ascorbic acid supplemented group.  

The effect of ascorbic acid on broiler body weight and body weight gain under heat stress is contradicting. 
Hussien (١٩٩٦) reported that ٢٠٠ mg vitamin C/kg diet had no effect on body weight of chicks reared under hot 
climate. However, Mckee and Harrison, (١٩٩٥) and Al-Homidan (٢٠٠٠) found that ascorbic acid enhanced 
performance of broiler chicks exposed to heat stress by improving weight gain and growth rate. Also, 
Puthponsiripern et al., (٢٠٠١) and Metwally (٢٠٠٥) reported that there was a significant effect (p<٠�٠٥) for 
vitamin C levels on final body weight and weight changes of broilers.  

The lower final body weight and weight gain in vitamin C supplemented group in the present study may 
be explained by the insufficient amount of ascorbic acid used under the sever heat stress conditions during 
experimental period. Attia et al., (٢٠٠٤) stated that under heat stress, the supplementation of ascorbic acid at 
٤٠٠ mg/kg diet seemed to be the optimum level owing to the significant best performance (live body weight, 
body weight gain and feed conversion).  However, dose lower than that used in the present study (٢٠٠ mg/kg 
vitamin C) enhanced final body weight and body weight changes % of broilers under high environmental 
temperature (٣٨ °C)   (Puthponsiripern et al., ٢٠٠١ and Metwally, ٢٠٠٥). Table (٢) shows that maximum 
ambient temperature ranged between ٣٩ and ٤٠ °C with high relative humidity (>٧٠٪) during the experimental 
period which indicate that in the present study birds were under sever heat stress which may need higher dose 
of vitamin C to alleviate its effect. 

The insignificant effect of KCl and NaHCO٣ treatments on final body weight disagrees with 

the previous results. Teeter and Smith (١٩٨٦) found that supplementing drinking water with 

٠,١٥٪ KCl increased live weight gain and feed efficiency. Balnave and Oliva (١٩٩١), Balnave 

and Gorman (١٩٩٣), Ahmed and Maghraby (١٩٩٥) and Ghazalah, et al., (١٩٩٨) reported that 

adding NaHCO٣ at levels ranged between ٠,١٦ to ١,٠٪ to broiler chick diets significantly 
increased body weight, weight gain, feed intake and feed efficiency during heat stress. 

However, the present results are in agreement with Smith (١٩٩٤) and Smith and Teeter 

(١٩٩٣). Smith (١٩٩٤) reported that addition of KCl to drinking water did not alleviate the 
adverse effect of heat stress on body weight gain and feed consumption. Smith and Teeter 

(١٩٩٣) observed that broiler performance was not influenced by adding NH٤Cl to broiler 

diet under heat stress. It is worthy to note that the disagreement between the present 

result and the previous ones may be due to the effect of sever heat stress occurred during 

the present experiment.  

The insignificant effect of early heat acclimation on final body weight and weight gain is in agreement with 
results reported by Arjona et al., (١٩٨٨); Van Der Hel et al., (١٩٩٢) and El-Tantawy et al., (١٩٩٨). On the other 
hand, Tollba (٢٠٠٠) found that average live body weight and body weight gain of broiler chicks exposed to ٣٨°C 
at the age of ٤٢ days old were decreased significantly by heat exposure. 

Two factors are influencing the effect of early acclimation on broiler performance under heat 
stress. The first one is the method of early acclimation and the second one is feed intake. El-Tantawy et 
al., (١٩٩٨) found that early heat exposure to ٣٨ºC (at the first three days of age) did not affect body 
weigh. However, body weight of heat acclimated birds by biweekly heat stress decreased significantly. 
Yahav and Hurwits (١٩٩٦) stated that feed intake plays a significant role in the acclimation process to 
alleviate the effect of heat stress at ٤٢ days old. 

The enhancement of final body weight and weight gain in fat supplemented group is in agreement 
with Scaife et al, (١٩٩٤), Soliman et al., (١٩٩٩) and Attia et al., (٢٠٠٤). The beneficial effects on growth 
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and feed conversion of adding oil to diets were likely due to reduced heat production, since fat has a 
lower heat increment than either protein or carbohydrate. In addition fat offers an extra-caloric value by 
decreasing the rate of passage of digests, thereby increasing the utilization of nutrients (Rama Rao et al, 
٢٠٠٢).  

 

٢-١-٢-٤- Feed intake, water intake and feed conversion: 

 Table (٣) reveals that feed intake was significantly higher in fat supplemented group than in all other 
groups. Supplementation with vitamin C and NaHCO٣ increased significantly feed intake to be higher than that 
in the control group. Meanwhile, KCl supplementation did not affect significantly feed intake although it was 
insignificantly higher than the control group. Heat acclimation did not affect feed intake as compared to the 
control group while it was significantly lower than all other treatments except KCl supplementation. 

 As a result, feed conversion was significantly higher in fat ascorbic acid supplemented groups than in the 
control, KCl and heat acclimated groups. Adding NaHCO٣ to diet had no significant effect on feed conversion 
although it was slightly higher than the control, KCl and heat acclimated groups. Feed conversion was almost 
similar in KCl and early heat acclimation group to the control group. 

 The significant increase in feed conversion by fat supplementation indicates that the increase in feed 
intake was higher than that in weight gain. While in group ١ (vitamin C group) it was due to higher feed intake 
and lower weight gain than the control group.  

Although adding NaHCO٣ had no significant effect on feed conversion, it tended to be higher than the 
control group due to insignificantly higher feed intake. 

The present results are contradicting with the previous results regarding the effect of supplementation 
with ascorbic acid and KCl. Attia et al., (٢٠٠٤) who indicated that live body weight, body weight gain, and feed 
conversion were improved significantly (P<٠�٠٥ or P<٠�٠١) during ٧-١ weeks of age for chicks fed diets 
supplemented with ascorbic acid. Teeter and Smith (١٩٨٦) found that supplementing drinking water with ٠�١٥٪ 
KCl increased live weight gain and feed efficiency. 

The effect of adding NaHCO٣ is in agreement with Balnave and Gorman (١٩٩٣) and Ahmed and 
Maghraby, ١٩٩٥ who reported that adding NaHCO٣ to broiler chick diets increased significantly feed intake 
and feed efficiency during heat stress (٣٢ºC). However, the effect was insignificant in the present study may be 
due to difference in severity of heat stress or to adaptability of different broiler strains. Table (٩) reveals that 
respiration rate did not differ significantly between NaHCO٣ and control groups indicating that heat stress did 
not cause a significant increase in respiration rate and consequently did not affect acid base balance. Balnave 
and Gorman (١٩٩٣) attributed the improvement in feed intake to the bicarbonate ion which produce cation-
anion balance or dietary electrolyte balance, thereby the body weight and weight gain increased.  

The results of fat supplementation are in agreement with Attia et al., (٢٠٠٤) who showed that at ٧ weeks 
of age, body weight, body weight gain and feed conversion for both the finishing (٧-٣ weeks) and the whole 
experimental periods (٧-١ weeks) improved significantly (P<٠�٠٥ or P<٠�٠١) for either chicks fed ١�٥ or ٣٪ oil 
as compared to those fed ٠�٠٠٪ oil. 

The low feed intake, weight gain and fed conversion in heat acclimated group are in accordance 
with results reported by Van Der Hel et al, (١٩٩٢). They reported that heat acclimation to constant 
temperature for ٢ days after hatch decreased boy weight gain, feed intake and feed conversion at ١٤ and 
١٦ days (Van Der Hel et al, ١٩٩٢). Meanwhile, Arjona et al., (١٩٨٨) and Yahav and Hurwitz (١٩٩٦) 
found a significant improvement in feed efficiency due to early heat stress.  

The above results indicate that the reduction in feed intake during heat stress could be alleviated by 
adding oil, vitamin C or NaHCO٣ to the broiler diets. Meanwhile, heat acclimation did not prevent the 
reduction in feed intake during heat stress. Teeter et al., (١٩٨٥) reported that when ٤ weeks old broiler chicks 
were exposed to chronic heat stress ٣٢°C for ٤ days or exposed to acute heat stress at ٤٠°C for ٢٠ minutes, the 
feed consumption decreased by ٤٨٪ compared with the control group reared at ٢١°C. On other hand, the 
reduction in feed intake during heat stress may be an adaptive mechanism to tolerate heat stress by reducing heat 
production. Hurwitz et al., (١٩٨٠) stated that birds normally decrease their feed intake as environmental 
temperature increases, and the reducing of feed intake lead to decrease heat production. 

Heat stress increased significantly water consumption to compensate the effect of increasing evaporative 
cooling on water loss. Samara et al. (١٩٩٦) reported that hens exposed to the high temperatures consumed 
significantly less feed and more water compared with those maintained under relatively lower temperatures.  

The average water consumed during the experimental period in different groups is illustrated in 
Table (٣). Water consumption (during the whole period or as ml/bird/day) was significantly higher in fat 
supplemented group than all other groups except NaHCO٣ group. Meanwhile, it was significantly lower 
in heat acclimated group than in all other groups indicating that heat acclimation decreased significantly 
the need for drinking water during heat stress. Adding KCl and NaHCO٣ to the diet increased 
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significantly water intake than that in the control group. Similar results were reported by Ait-Boulahsen 
et al (١٩٩٥) who stated that water intake increased with the concentration of KC١.  

Supplementation of diet or drinking water with NaCl increased water consumption (Smith, ١٩٩٤, 
Ahmed, ١٩٩٨ and El-Tantawy, ١٩٩٨). Ait-Boulahsen et al (١٩٩٥) stated that water intake increased with 
the concentration of KC١. Meanwhile, supplementation of diet with ٠�٣٢٪ NaHCO٣ did not alleviate the 
adverse effect of heat stress on feed consumption or water consumption (Branton et al., ١٩٨٦). However, 
Ghazalah, et al., (١٩٩٨) suggested that the decrease in body temperature and panting rate by NaHCO٣ 
supplementation may be due to the increase in water consumption. 

 

٣-١-٢-٤-Mortality rate: 

 Number of birds died during the experiment did not differ significantly between groups (Fig. ٣). It ranged 
between ٢�٠٨٪ (١ bird/treatment) to ٦�٢٥٪ (٣ birds/treatment). 

 

٤-١-٢-٤- Carcass quality and slaughter tests: 

١-٤-١-٢-٤- Carcass characteristics: 

Table (٤) indicates that in comparison with the control group, all treatments had no significant effect on 
gizzard, spleen and heat as weight or as percentage of body weight, while liver was significantly higher in 
NaHCO٣ supplemented group than in the control one. 

As a result total giblets weight was significantly higher in NaHCO٣ supplemented group than in the 
control group, while no significant differences were found between other treatments and the control group. As 
percentage of body weight, giblets % did not differ significantly between groups (Table, ٥). All other carcass 
characteristics were not affected significantly by treatments. 

Similar results have been found by Attia et al., (٢٠٠٤) for vitamin C supplementation; Smith (١٩٩٤), 
Ahmed (١٩٩٨) and El-Tantawy, (١٩٩٨) for NaCl or KCl supplementation; Attia et al., (٢٠٠٤) and Soliman et al, 
(١٩٩٩) for fat supplementation and El-Tantawy et al, (١٩٩٨) for heat acclimation. However, Ahmad et al., 
(٢٠٠٥) found a significantly higher carcass weight and dressing percentage in birds fed diets supplemented with 
NaHCO٣ than the control. 

The above results indicate that early heat acclimation did not affect adversely carcass 
characteristics. Van Der Hel et al, (١٩٩٢) reported that heat acclimation to constant temperature of ٢٨ 
to ٣٢ ,٣٢ to ٣٤ ,٣٤ to ٣٥ ,٣٥ to ٣٧ or ٣٧ to ٤٠°C for ٢ days after hatch decreased body components at ١٤ 
and ١٦ days. While, El-Tantawy et al, (١٩٩٨) reported that early acclimation during chronic heat stress 
by cyclic temperature for the consecutive ٣ days after hatch improved carcass quality. Heat acclimation 
either early or biweekly to ٣٨ºC had no significant effect on carcass dressing %. Consequently, it could 
be observed that the adverse effect of early heat acclimation on carcass characteristics depends on the 
method used for early heat acclimation. The improvement in carcass characteristics by adding NaHCO٣ 
may be due to the improvement in feed intake to the bicarbonate ion which produce cation-anion 
balance or dietary electrolyte balance, thereby the body weight and weight gain increased (Balnave and 
Gorman, ١٩٩٣). 
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٢-٤-١-٢-٤- Carcass chemical analysis: 
 Carcass chemical analysis is summarized in Table (٦). All treatments had no significant effect on 
percentage of moisture in carcass. However, it tended to be lower in group ٣ (NaHCO٣) than in the other 
groups. A reversed significant trend could be observed in carcass fat % where it tended to be higher in group ٣ 
than in other groups.  

Fat supplementation caused a significantly higher protein % in carcass than the control and NaHCO٣ 
groups. Also, protein % was insignificantly higher in heat acclimated group than in the control, vitamin C 
supplemented and KCl supplemented groups.  

Ash percentage in carcass tended to be higher in group ٦ (fat supplemented), group ٣ (NaHCO٣ 
supplemented) and group ٤ (heat acclimated) than in the control, group ١ (vitamin C supplemented) and group 
٢ (KCl supplemented).  

The above results indicate that adding NaHCO٣ decreased protein % and increased fat % in carcass 
causing a reduction in moisture %. This may be due to the effect of NaHCO٣ on cation-anion balance and 
dietary electrolyte balance (Balnave and Gorman, ١٩٩٣). Also, high ash% in this group may be due to the effect 
of HCO٣ on bone synthesis during heat stress. 

It is worth noting that fat supplementation did not increase fatIt is worth noting that fat supplementation did not increase fatIt is worth noting that fat supplementation did not increase fatIt is worth noting that fat supplementation did not increase fat% % % % in carcass but it enhanced cin carcass but it enhanced cin carcass but it enhanced cin carcass but it enhanced carcass quality by increasing proteinarcass quality by increasing proteinarcass quality by increasing proteinarcass quality by increasing protein%. %. %. %. Rama Rao et alRama Rao et alRama Rao et alRama Rao et al. (. (. (. (٢٠٠٢) ) ) ) demonstrated demonstrated demonstrated demonstrated 
that the beneficial effects on growth and feed conversion of adding oil to diets were likely due to reduced heat productionthat the beneficial effects on growth and feed conversion of adding oil to diets were likely due to reduced heat productionthat the beneficial effects on growth and feed conversion of adding oil to diets were likely due to reduced heat productionthat the beneficial effects on growth and feed conversion of adding oil to diets were likely due to reduced heat production, , , , since fat has a lower heat increment than either since fat has a lower heat increment than either since fat has a lower heat increment than either since fat has a lower heat increment than either 
proteinproteinproteinprotein or carbohydrate or carbohydrate or carbohydrate or carbohydrate. . . . In addition fat offers an extraIn addition fat offers an extraIn addition fat offers an extraIn addition fat offers an extra----caloric value by decreasing the rate of passage of digestscaloric value by decreasing the rate of passage of digestscaloric value by decreasing the rate of passage of digestscaloric value by decreasing the rate of passage of digests, , , , thereby increasing the utilization of nutrientsthereby increasing the utilization of nutrientsthereby increasing the utilization of nutrientsthereby increasing the utilization of nutrients....    
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٣-٢-٤- Physiological parameters: 

١-٣-٢-٤- Rectal temperature: 

Table (٧) shows that at the start of the experiment (٢ weeks age) there were no significant differences in 
rectal temperature between groups. However after ١ week from treatment, RT was significantly higher in 
vitamin C supplemented group than in all other groups except KCl supplemented group. Meanwhile, NaHCO٣ 
supplementation and heat acclimation decreased RT insignificantly. These differences in RT after ١ week from 
the start of treatment disappeared as the experiment continued so that there were no significant differences in 
RT between groups at ٦ ,٥ ,٤, and ٧ weeks of age. 

The significant increase in RT after vitamin C supplementation is contradicting with previous results and 
cannot be explained. However, this effect was temporary and disappeared after ٢ weeks from the start of the 
treatment. Pardue et al., (١٩٨٥) and Metwally (٢٠٠٥) showed that there were no significant effects due to 
vitamin C supplementation on body temperature. However, it has been stated by many workers that vitamin C 
supplementation resulted in significantly lower body temperature at elevated environmental temperature 
(Ahmed et al., ١٩٦٧ and Lyle and Moreng, ١٩٦٨).  

The reduction in RT by heat acclimation and NaHCO٣ supplementation are in agreement with previous 
results. Teeter et al., (١٩٩٢) found that birds acclimated to heat stress had lower (P<٠�٠٥) body temperature 
(٤٤�١ vs. ٤٤�٦°C) during heat stress than their unacclimated counterparts. Balnave and Gorman (١٩٩٣), Ahmed 
and Maghraby (١٩٩٥) and Osman (١٩٩٦) observed that adding NaHCO٣ to broiler chick diets or drinking 
water under heat stress significantly decreased body temperature. While, and Ghazalah, et al., (١٩٩٨) showed 
that the effect was insignificant. Ahmad et al. (٢٠٠٥) added that the effect of NaHCO٣ in reduceding the 
internal body temperature of heat stressed broilers was more pronounced (p < ٠�٠٠٠١) during the hottest times 
of the day. 

 

١-٣-٢-٤- Respiration rate: 

Table (٨) reveals that during the experimental period, although respiration rate was sometimes 
significantly different between groups these differences were not biologically significant (the difference between 
minimum and maximum means of respiration rate within each age ranged between ٢ to g respiratory/minute). 
As a result, it could be concluded that on basis of adaptive physiology treatments did not affect respiration rate 
during the experimental period. Scanty literatures are available regarding the effect of electrolyte additives, fat 
supplementation or heat acclimation on respiration rate  

Khalifa et al. (١٩٩٤) and Nagwa Ahmaed et al., (١٩٩٨) found that NaCl supplementation to the 
basal diet of broilers during hot weather, caused a slight reduction (not significant) in respiration rate 
which is in agreement with the present results. 
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Regarding the effect of NaHCO٣ supplementation, similar results were obtained by Ghazalah, et al., (١٩٩٨) 
who showed that the average values of body temperature, rectal temperature and panting rate were nearly 
similar and without significant differences due to NaHCO٣ supplementation. While many authors found that 
NaHCO٣ supplementation during heat stress decreased significantly respiration rate (Balnave and Oliva, ١٩٩١; 
Balnave and Gorman, ١٩٩٣; Ahmed and Maghraby, ١٩٩٥ and Osman, ١٩٩٦). 

 

٣-٤- Effect of acute heat stress (experiment ٢): 

١-٣-٤- Rectal temperature: 

 During exposure to heat stress (٥٠ °C) rectal temperature increased significantly in all groups (Table, ٩). 
Immediately after the end of the experiment, rectal temperature decreased significantly by about ١ °C but was 
still significantly higher than the pre-experimental level.  

 Before heat stress RT did not differ significantly between groups. However, during heat stress RT was 
significantly higher in group ٢ (KCl) and group ٣ (NaHCO٣) than in the control group. Group ١ (vitamin C) 
and heat acclimated groups had intermediate values of RT so that they were not significantly different than all 
other groups. Fat supplementation had no significant effect on RT as compared with the control group but it 
decreased RT significantly than group ٢ (KCl). 

After heat stress, RT was significantly higher in heat acclimated, fat supplemented and control groups 
than in vitamin C, KCl and NaHCO٣ supplemented groups. Ahmed et al. (١٩٦٧) and Lyle and Moreng (١٩٦٨) 
stated that vitamin C supplementation resulted in significantly lower body temperature at elevated 
environmental temperature. Regarding the effect of KCL, Ait-Boulahsen et al (١٩٩٥) stated that during heat 
stress, ٠�٦٪ KC١-birds had lower hyperthermic (body temperature) and pH values and higher Ca٢+ and K 
concentrations than controls. They concluded that the beneficial effect of ٠�٦٪ KC١ may in part be attributed to 
the accompanying Cl. Meanwhile, the effect of NaHCO٣ on body temperature during heat stressed was studied 
by Ahmad et al. (٢٠٠٥). They indicated that NaHCO٣ significantly (p < ٠�٠٠٨) reduced the internal body 
temperature of heat stressed broilers than those of other electrolyte supplements or control group. This effect 
was more pronounced (p < ٠�٠٠٠١) during the hottest times of the day. 

٢-٣-٤- Respiration rate (RR): 

 Table (١٠) indicates that respiration rate had similar trend to that found in RT where RR increased 
significantly in all groups during heat stress then declined significantly after the end of heat stress but still 
higher significantly than the pre-heat stress levels. El-Gendy and Washbum (١٩٩٥) reported that exposure to 
acute heat stress (٤٣°C for ٤٥ min.) resulted in a significant increase in respiration rate. Similar results have 
been obtained by Yahav and Hurwitz, (١٩٩٦); Yahav et al., (١٩٩٧); and Cooper and Washbum, (١٩٩٨) when 
broilers exposed to acute heat stress from ٣٨ – ٣٢ °C. 

 Before heat stress, RR did not differ significantly between groups. However, during heat stress RR was 
significantly higher in group ١ (vitamin C) and group ٢ (KCl) than in group ٦ (fat supplementation) and control 
groups. Heat acclimation and NaHCO٣ supplementation groups had higher RR than fat supplementation group 
but did not differ significantly than the other groups. It is of interest to note that fat supplementation had the 
lowest RR during heat stress. 

 After heat stress, RR was significantly higher in the heat acclimated and control groups than in all other 
groups, followed by groups ٢ (KCl) and ٣ (NaHCO٣) then group ١ (vitamin C) and group ٦ (fat supplemented).  

The above results indicate that fat supplementation had minimized the increase in RR during heat stress, 
while heat acclimation had similar RR to the control group. Meanwhile fat supplementation decreased RR after 
heat stress, it did not affect RT. Vitamin C supplementation caused a significant reduction in RT and RR after 
the end of heat stress which also occurred by adding KCl and NaHCO٣ to the diet but to a lesser extent.  Teeter 
and Smith (١٩٨٦) and Osman (١٩٩٦) found that adding either NaHCO٣ or NH٤Cl to broiler chick diets or 
drinking water under heat stress significantly decreased body temperature and panting rate values compared to 
control group (without supplementation). 

٣-٣-٤- Mortality rate: 

Fig. (٦) indicates that after heat stress when ٤٠% of the control group died, no mortality occurred in heat 
acclimated and fat supplemented groups. Meanwhile, ٣٠٪ mortality occurred in groups ١ and ٢ (vitamin C and 
KCl supplementation) and ٢٠٪ of the NaHCO٣ group died after heat stress. Pardue et al. (١٩٨٥) and Brown 
(١٩٨٦) reported that as environmental temperature exceeding ٣٥°C mortality and morbidity of broiler chicks 
increase.  

The low mortality rate in heat acclimated group is in accordance with the Khalifa et al. (٢٠٠٢). They 
stated that acclimatization to heat stress had a significant effect on reducing mortality rate, but its effect on 
productivity depends on the method of acclimatization. 

The above results reveal that fat supplementation and heat acclimation prevented the death from heat 
stress although the significant increase in RR and RT. It could be concluded that fat supplementation decreased 
mortality rate during heat stress by because of low heat increment of fat which decreased heat production and 
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subsequently minimized the increase in RR during heat stress. Meanwhile, heat acclimation decreased mortality 
rate during heat stress through the effect of producing heat shock protein which minimized the effect of heat 
stress on the cellular level.  

Using NaHCO٣, KCl and vitamin C supplementation did not prevent mortality during acute heat stress, 
while they decreased the effect of heat stress on RR and RT. 

The hypothesis of using NaCHO٣ and KCl to alleviate the effect of heat stress based on the fact that 
panting by poultry allows them to increase their evaporative heat loss during heat stress. This increased 
respiratory rate causes changes in the gas exchange and acid-base balance within the poultry which is due to the 
loss of carbon dioxide from the respiratory system. The effect of these reactions is a high level of blood pH. 
There is also a relative loss of bicarbonate ions and hydrogen ions which creates a situation of respiratory 
alkalosis. Supplementing birds with bicarbonate (HCO٣-) for the reduction of blood HCO٣- concentration have 
been utilized during heat stress.  

During heat exposure, a decrease in plasma potassium and increase in plasma chloride concentration has 
been reported. These variations in electrolytes, which alter acid-base balance, also influence the metabolism of 
amino acid including glutamic acid. Potassium reduction causes increase intracellular accumulation of basic 
amino acid as well as glutamic acid have been proposed to be an important role in metabolic regulation of acid-
base balance (Austic and Calvert, ١٩٨١). However, many methods were designed to look at the effects of 
correcting this acid-base imbalance. Dietary manipulations have been carried out which may enable the bird to 
cope more completely with acute or chronic heat stress.  
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Table (٣) 

0

500

1000

1500

2000

2500

1 2 3 4 5 6 7

Age (in weeks)

B
od

y 
w

ei
gh

t (
gm

)

G1 G2 G3 G4 G5 G6

 

Fig. (١): Mean body weight in different treatments during the follow-up period (growth curve). 
Group ١= Vit. C ٠�٠٣٪  Group ٤= Heat acclimated 

Group ٢= KCl ١�٠٪  Group ٥= Control 

Group ٣= NaHCO١�٠ ٣٪  Group ٦= Fat supplemented (٦٪) 
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Fig. (٢): Mean total gain (gm) in different groups. 
Group ١= Vit. C ٠�٠٣٪  Group ٤= Heat acclimated 

Group ٢= KCl ١�٠٪  Group ٥= Control 

Group ٣= NaHCO١�٠ ٣٪  Group ٦= Fat supplemented (٦٪) 

 



 ٣٢

 

3500

3700

3900

4100

4300

4500

4700

F
ee

d 
co

ns
um

pt
io

n 
(g

m
)

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

 

Fig. (٢b): Mean feed consumption (gm) in different groups. 
Group ١= Vit. C ٠�٠٣٪  Group ٤= Heat acclimated 

Group ٢= KCl ١�٠٪  Group ٥= Control 

Group ٣= NaHCO١�٠ ٣٪  Group ٦= Fat supplemented (٦٪) 
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Fig. (٢c): Mean feed conversion (gm food/gm gain) in different groups. 

Group ١= Vit. C ٠�٠٣٪  Group ٤= Heat acclimated 

Group ٢= KCl ١�٠٪  Group ٥= Control 

Group ٣= NaHCO١�٠ ٣٪  Group ٦= Fat supplemented (٦٪) 
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Fig. (٣): Mortality rate during the experimental period in  the different treatments. 

groups. 
Group ١= Vit. C ٠�٠٣٪  Group ٤= Heat acclimated 

Group ٢= KCl ١�٠٪  Group ٥= Control 

Group ٣= NaHCO١�٠ ٣٪  Group ٦= Fat supplemented (٦٪) 
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Fig. (٤): Mean rectal temperature in different treatments during the follow-up period (growth curve). 

Group ١= Vit. C ٠�٠٣٪  Group ٤= Heat acclimated 

Group ٢= KCl ١�٠٪  Group ٥= Control 

Group ٣= NaHCO١�٠ ٣٪  Group ٦= Fat supplemented (٦٪) 
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Fig. (٥): Mean respiration rate in different treatments during the follow- 
Group ١= Vit. C ٠�٠٣٪  Group ٤= Heat acclimated 

Group ٢= KCl ١�٠٪  Group ٥= Control 

Group ٣= NaHCO١�٠ ٣٪  Group ٦= Fat supplemented (٦٪) 
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Fig. (٦): Effect of acute heat stress on mortality rate (%) in different groups. 
Group ١= Vit. C ٠�٠٣٪  Group ٤= Heat acclimated 

Group ٢= KCl ١�٠٪  Group ٥= Control 

Group ٣= NaHCO١�٠ ٣٪  Group ٦= Fat supplemented (٦٪) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٥- SUMMARY AND CONCLUSIONS: 
 

The present study was conducted to compare different methods to alleviate the negative effect of heat 
stress on broiler performance. 

Experimental design 

A total number of ٣٥٠ one day old Arbor Acres chicks were used to study the effect of vitamin C, 
potassium chloride, sodium bicarbonate, fat supplementation and early heat acclimation on performance and 
some physiological parameters of the broilers under chronic (during hot summer season ٣٥�٦-٢٧�٦°C) and acute 
(exposure to ٥٠ °C until ٢٥٪ of the control group died) heat stress. The study was carried out during June and 
July.  

Broiler chicks were reared in floor pens and fed a basal diet containing ٢٣٪ CP and ٣٠٠٠ kcal ME/kg diet 
during the first ٧ days of age. Thereafter, ٢٧٠ chicks were selected weighed and randomly distributed into ٦ 
groups each contain ٤٥ chicks in ٣ replicates (١٥ chicks each). The average body weight for chicks was nearly 
similar (about ١٦٠ gm). 

The experimental design of the six groups was as follows:  
Group ١, control diet + vitamin C ٠�٣ gm/kg feed 
Group ٢, control + Potassium chloride ١٠ gm/kg feed 
Group ٣, control + Sodium bicarbonate ١٠ gm/kg feed 
Group ٤, control + Heat acclimation (exposure to ٣٨ºC for ٤ hrs at the ٢nd weeks of age for two successive days) 
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Group ٥, control diet.       
Group ٤ ,٦٪ fat supplemented diet.  
 
Effect of chronic heat stress during summer (first experiment): 

The First experiment was designed to investigate the effect of chronic heat stress (high ambient 
temperature during summer season ٤٠-٢٧°C). The performance and carcass quality parameters were measured 
weekly on each replicate. Physiological parameters were measure weekly on ١٠ birds selected randomly from 
each group.  
 
The following parameters were measured weekly t: 
١- Broiler performance: 
Average live body weight:- 
Average live body weight gain:- 
Feed intake (FI):    
Feed conversion (FC): 
Mortality rate:-  
Water intake (WI):     
Carcass quality and slaughter test:-     

 At the end of the first experiment (٧ weeks age), ٦ birds (٣ males and ٣ females) from each group were 
randomly chosen for slaughter test. The carcass quality was measured as absolute weight or as percentage of 
body or carcass weight. The weight of heart, gizzard, liver, dressing and edible parts were obtained on an 
accurate balance (±٢ gm). Chemical components of the carcass (moisture%, protein%, fat% and ash%) were 
determined. 

٢- Physiological parameters: 

Rectal temperature and respiration rate were recorded weekly at noon (١٢:٠٠ p.m.). 

Heat stress experiment (experiment ٢): 

At the end of growing period (٦th week), ٢٠ birds from each group were selected randomly and kept in 
floor pens for one week before the start of the experiment. Ambient temperature increased gradually (within ٢ 
hours) from normal range (٣٢) to ٤٠ °C using electric heaters. Heat stress remained from ١٢:٠٠ until ٢٥٪ of the 
control group died from heat stress. Rectal temperature, and respiration rate were determined before and after 
the end of the experiment. Mortality rate in each group was calculated at the end of the experiment. 

Results indicated that: 

First experiment:  

• There was no significant effect for treatments on most of broiler performance measurements. However, 
Fat supplementation increased insignificantly body weight gain and significantly feed consumption 
causing an increase in feed conversion (significant with group ٤ ,٢ and ٥).  

• Fat supplementation increased water consumption as compared with vitamin C, KCl, heat acclimation 
and control groups. Also, NaHCO٣ supplementation increased significantly water consumption as 
compared with control and heat acclimated groups. 

• Mortality rate during experimental period did not d iffer significantly between groups. 

• There was no significant effect of treatments on heart weight, spleen weight and gizzard weight, while 
NaHCO٣ supplementation increased significantly liver weight. 

• Treatments had no significant effect on carcass weight, dressing percentage or edible parts weight and 
percentage, while NaHCO٣ supplementation increased significantly giblets weight and percentage. 

• There were no significant effects for treatments on carcass moisture, fat and ash percentage, while 
NaHCO٣ decreased significantly carcass protein percentage. 

• After ١ week from starting the experiment, NaHCO٣ supplementation and heat acclimation decreased 
significantly rectal temperature as compared with vitamin C supplementation while no significant 
differences were found between other groups. However, this effect disappeared during the following 
weeks. 

• The differences in respiration rate within each age are physiologically insignificant although some of them 
were statistically significant. 

 

Second experiment: 

• Exposure to heat stress (٥٠°C for ٤ hrs) caused the following: 



 ٣٦

• Significant increase in rectal temperature and respiration rate in all groups during heat stress, followed by 
a significant decrease after the end of the heat stress but values were still significantly higher than those 
before exposure to heat stress. 

• There were no significant differences between groups in rectal temperature and respiration rate before 
exposure to heat stress. 

• Supplementation with NaHCO٣ increased significantly rectal temperature and respiration rate during 
heat stress as compared with the control and heat acclimated groups. 

• Supplementation with vitamin C, KCl and NaHCO٣ decreased significantly rectal temperature after heat 
stress as compared with the control, heat acclimated and fat supplementation groups. Meanwhile, fat, 
vitamin C, KCl and NaHCO٣ supplementation decreased significantly respiration rate after heat stress as 
compared with the control and heat acclimated groups. 

• Heat stress increased mortality rate in vitamin C, KCl, NaHCO٣ supplemented groups and the control 
group while it did not cause any death for chicks in the heat acclimated and fat supplemented groups.  

It could be concluded that ٤٪ fat supplementation and early heat acclimation alleviated the effect of heat 
stress on increasing mortality rate in broiler chicks. These two methods for heat stress alleviation did not cause 
any significant effect on carcass quality or carcass chemical analysis and could be used successfully to alleviate 
the effect of chronic and acute heat stress in broiler farms. However, due to low cost and easily handling of early 
heat acclimation it would be preferred than fat supplementation. 

 

Recommendations: 
١. Acclimation to heat will be the best method to alleviate mortality under heat stress, may be through 

the production of heat shock proteins. 
٢. Mortality rate must be considered in all studies concerning methods of heat stress alleviation. 
٣. Further studies are required to investigate physiological mechanism controlling blood volume and 

plasma osmolality under chronic and acute heat stress, as the role of heat shock protein and immunity 
in the alleviation of the effect of heat stress in broilers. 
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فمن المعروف ان الاجهاد الحرارى نتيجة لارتفاع درجة . يهدف البحث الى دراسة انسب وسيلة لتقليل اثر الاجهاد الحرارى على دجاج التسمين  
لذا فان مقارنة الوسائل الحقلية . بيحة كما ان الموجات شديدة الحرارة تؤدى الى ارتفاع نسبة الوفياتحرارة الجو يؤثر على معدل النمو ومواصفات الذ

المستخدمة لتقليل اثر الاجهاد الحرارى على الانتاج والوفيات وتقييم افضلها من حيث تقليل اثر الاجهاد الحرارى واقلها تكلفة له قيمة تطبيقية واقتصادية 
  .ج التسمين خاصة فى المناطق الحارة مثل صعيد مصرهامة فى صناعة دجا

]�  :خ(� ا�!
  :التجربة الاولى

 كتكوت تسمين من سلالة الاربر اكيرزعمر يوم لدراسة تأثير اضافة فيتامين ج وكلوريد البوتاسيوم وبيكربونات الصوديوم ٣٥٠اجرى البحث على 
تم تربية الكتاكيت . لفسيولوجية لدجاج التسمين تحت تأثير العبء الحرارى المزمن والحادوالدهن والاقلمة للجو الحار على بعض الصفات الانتاجية وا

 كتكوت عشوائيا حيث تم ٢٧٠تم اختيار .  ايام٧كجم عليقة لمدة / كيلوكالورى طاقة ممثلة٣٠٠٠بروتين و% ٢٣تربية ارضية على علائق تحتوى 
  ).   كتكوت فى كل مكررة١٥(رات  مجاميع تحتوى كل مجموعة على ثلاثة مكر٦تقسيمها فى 

  كجم عليقة/ جم٠,٣ بمعدل  تم اضافة فيتامين ج: المجموعة الاولى 

  كجم عليقة/ جم١٠تم اضافة كلوريد البوتاسيوم بمعدل :  المجموعة الثانية
  كجم عليقة/ جم١٠تم اضافة بيكربونات الصوديوم بمعدل : المجموعة الثالثة

من ( ساعات يوميا ٤م لمدة °٣٨كتاكيت عند عمر اسبوع على الحرارة العالية بتعريضها يومين متتاليين لدرجة حرارة تم اقلمة ال: المجموعة الرابعة
  ). ظهرا٣ صباحا حتى الساعة ١١الساعة 

  مجموعة مقارنة:  المجموعة الخامسة

  الى العليقة% ٤تم اضافة الدهن النباتى بمعدل : المجموعة السادسة

  : اسابيع٧تالية اسبوعيا حتى نهاية التجربة عند عمر تم تقدير القياسات ال

  : الصفات الانتاجية-١

  وزن الجسم

  .معدل النمو اليومى والاجمالى

  )حسب فى كل مكررة(معدل استهلاك الغذاء والماء الاسبوعى والاجمالى 

  )حسب فى كل مكررة(كجم نمو /معدل التحويل الغذائى كجم عليقة

  النمومعدل الوفيات اثناء مرحلة 

  

  :حيث تم تقدير)  اناث٣+  ذكور ٣( طيور من كل مجموعة ٦فى نهاية التجربة تم ذبح 

  )وزن الذبيحة والاعضاء الداخلية والخارجية والاجزاء المأكولة(مواصفات الذبيحة 

  ) الرماد– البروتين – الدهن –نسب الرطوبة (التحليل الكيميائى للذبيحة 

  

  : الصفات الفسيولوجية-٢

  . طيور عشوائيا من كل مجموعة١٠اس درجة حرارة المستقيم ومعدل التنفس اسبوعيا على تم قي
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  :التجربة الثانية
  . ساعات الى ان بدأت الوفيات فى المجموعة المقارنة٤م لمدة °٥٠ طائر من كل مجموعة الى درجة حرارة ٢٠فى نهاية التجربة الاولى تم تعريض 

  . التنفس قبل واثناء وبعد التجربةتم تقدير درجة حرارة الجسم ومعدل

  .تم تقدير نسبة الوفيات بعد التعريض للحرارة المرتفعة فى كل مجموعة

  

  :اوضحت النتائج ما يلى
  :التجربة الاولى

دل النمو لم تؤثر الاضافات او المعاملات تأثيرا معنويا على اغلب الصفات الانتاجية الا ان اضافة الدهن ادى الى زيادة غير معنوية فى مع •
  ).٥ و٤ و٢معنويا مع المجاميع (ومعنوية فى معدل تناول الغذاء مما ادى الى انخفاض معدل تحول الغذاء عن باقى المجاميع 

كذلك ادى اضافى بيكربونات الصوديوم الى زيادة استهلاك . ٥ و٤ و٢ و١ادى اضافة الدهن الى زيادة استهلاك الماء معنويا عنه فى المجاميع  •
 .نويا عنه فى المجموعة المقارنة والمجموعة المتأقلمة للجو الحارالماء مع

 .لم تؤثر المعاملات معنويا على نسبة الوفيات اثناء التجربة •

 .لم تؤثر المعاملات تأثيرا معنويا على اوزان القلب والطحال والقونصة بينما ادى اضافة بيكربونات الصوديوم الى زيادة وزن الكبد •

ت معنويا على النسبة المئوية للتصافى او النسبة المئوية للاجزاء المأكولة بينما ادى اضافة بيكربونات الصوديوم الى زيادة وزن لم تؤثر المعاملا •
 ).القونصة+ القلب + الطحال + الكبد (الاجزاء الداخلية المأكولة 

بينما ادى اضافة بيكربونات . بة المئوية للدهن والرماد فى الذبيحةلم تؤثر المعاملات معنويا على النسبة المئوية للرطوبة فى الذبيحة او على النس •
 .الصوديوم الى نقص نسبة البروتين فى الذبيحة

بعد اسبوع من بداية التجربة ادى اضافة بيكربونات الصوديوم والتأقلم للجو الحار الى انخفاض درجة حرارة الجسم عنه عند اضافة فيتامين ج  •
 .وية بين باقى المجاميع الا ان هذا التأثير تلاشى فى الاسابيع التاليةبينما لا توجد فروق معن

بالرغم من وجود فروق معنوية فى بعض الاسابيع لبعض المعاملات على معدل التنفس الا ان هذه الفروق لا تعتبر معنوية فسيولوجيا حيث ان  •
 .رية المختلفة تنفسات فى الدقيقة فى المراحل العم٥ الى ٢هذه الفروق تراوحت بين 

  

  :التجربة الثانية
  :الى)  ساعات٤لمدة / °٥٠(ادى التعريض للحرارة المرتفعة الفجائية 

زيادة معنوية فى معدل التنفس ودرجة حرارة المجمع فى جميع المعاملات اثناء التعريض للحرارة ثم نقص معنوى بعد انتهاء التعريض للاجهاد  •
 .ومعدل التنفس استمر اهلى معنويا عنه قبل التعريض للاجهاد الحرارى فى كل المحاميعالحرارى الا ان درجات حرارة المجمع 

 . قبل التعريض للاجهاد الحرارى لم يوجد اختلاف معنوى بين المجاميع فى درجة حرارة المجمع ومعدل التنفس •

عن المجموعة المقارنة والمجموعة المتأقلمة للجو الحار ادى اضافة كلوريد البوتاسيوم الى زيادة معنوية فى درجة حرارة المجمع ومعدل التنفس  •
 . اثناء التعريض للاجهاد الحرارى

ادى اضافة فيتامين ج وكلوريد البوتاسيوم وبيكربونات الصوديوم الى انخفاض معنوى فى درجة حرارة المجمع بعد التعريض للاجهاد الحرارى  •
بينما ادى اضافة الدهن وفيتامين ج وكلوريد البوتاسيوم وبيكربونات الصوديوم .  للجو الحارمقارنة بالمجموعة المقارنة واضافة الدهن والتأقلم

 .الى انخفاض معدل التنفس بعد التعريض للاجهاد الحرارى مقارنة بالمجموعة المقارنة والمجموعة المتأقلمة للجو الحار

 المضاف اليها فيتامين ج وكلوريد البوتاسيوم وبيكربونات الصوديوم ادى التعريض للاجهاد الحرارى الى زيادة نسبة الوفيات فى المجاميع •
 .المجموعة المقارنة بينما لم تحدث وفيات فى المجموعة المضاف المتأقلمة للجو الحار والمجموعة التى تم اضافة دهن الى العليقة

  

  :الخلاصة
 ساعات يومين ٤لمدة ) خلال الاسبوع الاول(ار فى الفترة الاولى للنمو او التأقلم للجو الح% ٤اظهرت النتائج السابقة ان اضافة الدهن نسبة 

كما انها لم تؤثر على )  اسابيع٧-٦عند اعمار (متتاليين  الى منع تأثير الاجهاد الحرارى على زيادة نسبة الوفيات اثناء الموجات الحارة مستقبلا 
الا انه نظرا . همية استخدام هاتين الطريقتين لتقليل اثر العبء الحرارى فى مزارع التسمينمواصفات الذبيحة او التحليل الكيميائى لها مما يدل على ا

  .لسهولة وقلة تكلفة استخدام طريقة الاقلمة المبكرة فيفضل استخدامها عن باقى وسائل مكافحة الاجهاد الحرارى
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Table (٣): Effect of treatments on broiler performance from ٧ – ١ weeks of age. 
 

  Group ١ Group ٢ Group ٣ Group ٤ Group ٥ Group ٦ 

Mean  ٦٨٧�١٢٢  ٨٣٤�١٢١  ٨١٣�١٢٢  ١٢٥�١١٨  ٧٩٢�١١٣  ٢٩٤�١١٩ Initial weight, 
١ week age (g) S.E. ١٤٠�٦ 

a 
٣٢٦�٢ 

a 
٥١٠�٢ 

a 
٩٢٤�١ 

a 
١٦٨�٤ 

a 
٤٧٧�٠ 

a 

Mean ٨٦٣�٢١٤٦ ٠٣٥�٢٠٤٧ ٣٣٣�٢٠٠٨ ١٦١�٢٠٢٢ ٥٧٩�١٩٩٢ ٦٠٥�١٩٣٠ Final weight, 
٧ weeks age (g) S.E. ٩٧٦�٦٩ 

b ٩٩٤�٣٦ 
ab ٢٧٤�٥٥ 

ab ١٤٤�٣٦ 
ab ٨٨٤�٥٨ 

ab ٣١٢�٣٧ 
a 

Mean ١٧٦�٢٠٢٤ ٢٠٢�١٩٢٥ ٥٢٠�١٨٨٥ ٠٣٦�١٩٠٤ ٧٨٧�١٨٧٨ ٣١٠�١٨١١ Total gain 
(g) S.E. ٨٥٤�٦٣ 

b ٦٢٦�٣٧ 
ab ٠٤٨�٥٤ 

ab ٦٤٥�٣٧ 
ab ٩٣٧�٥٩ 

ab ٩٦٨�٣٦ 
a 

Mean ٠٠٠�٤٦٢٠ ٧٧٨�٣٦٦٢ ٦٦٧�٣٦٧٦ ١١١�٣٩٢١ ٦٦٧�٣٧٣٦ ٥٥٦�٤٠٤٠ Total feed consumed (g) 
S.E. ٦٦٠�٧٨ 

b ٣٨١�٢٢ 
cd ٨٤١�٧٤ 

bc ٢٢٧�٧٨ 
d ٢٤٩�٦٠ 

d ٣٧٥�٣٢ 
a 

Mean   ١٩٥�٤٨   ٨٣٨�٤٥   ٨٩٣�٤٤   ٣٣٤�٤٥   ٧٣٣�٤٤   ١٢٦�٤٣ Daily gain (g/bird/day) 
S.E. ٥٢٠�١ 

b ٨٩٦�٠ 
ab ٢٨٧�١ 

ab ٨٩٦�٠ 
ab ٤٢٧�١ 

ab ٨٨٠�٠ 
a 

Mean   ٠٠٠�١١٠  ٢٠٩�٨٧   ٥٤٠�٨٧   ٣٦٠�٩٣   ٩٦٨�٨٨   ٢٠٤�٩٦ Feed consumed (g/bird/day) 
S.E. ٨٧٣�١ 

b 
 ٥٣٣�٠  

cd ٧٨٢�١ 
bc ٨٦٣�١ 

d ٤٣٤�١ 
d ٧٧١�٠ 

a 

Mean    ٢٨٤�٢    ٩٠٤�١    ٩٥٣�١    ٠٦٤�٢    ٩٩١�١    ٢٣٩�٢ Feed conversion (g/g) 
S.E. ١١٦�٠ 

a ٠٤٦�٠ 
b ٠٨٢�٠ 

ab ٠٧٤�٠ 
b ٠٣٣�٠ 

b ٠٥١�٠ 
a 

Mean   ٣�٨٨٣٤  ٩�٧٥٩٥   ٥�٦٨٩٦   ٧�٨٦٠١   ٧�٨٢٠٠   ٩�٨٠٢٣ Total water consumed (ml) 
S.E. ٠٣٣�١٦١ 

bc 
 ٢٨٨�١٦٩  

b ٤٢٦�٢٤٠ 
ab ٠٩١�٢٥١ 

d ٤٥٧�٣٩ 
c ٢٤٢�١٦٠ 

a 

Mean   ٣٤١�٢١٠  ٨٥٥�١٨٠   ٢٠١�١٦٤   ٨٠٢�٢٠٤   ٢٣٨�١٩٥   ٠٤٤�١٩١ water consumed (ml/bird/day) 
S.E. ٨٣٤�٣ 

bc 
 ٠٣١�٤  

b ٧٢٤�٥ 
ab ٩٧٨�٥ 

d ٩٣٩�٠ 
c ٨١٥�٣ 

a 

Group ١= Vit. C ٠٣�٠٪  Group ٤= Heat acclimated 
Group ٢= KCl ٠�١٪  Group ٥= Control 
Group ٣= NaHCO٠�١ ٣٪  Group ٦= Fat supplemented (٦٪) 
Similar letters within each column are not significantly differ at p=٠٥�٠. 
 
 
 
Table (٤): Effect of treatments on giblets of broiler chicks (٧ week age). 

  Group ١ Group ٢ Group ٣ Group ٤ Group ٥ Group ٦ 

Mean ٠�٢٢٠٠ ٠�٢٢٢٠ ٣�٢١٣٣ ٠�٢٢٩٥ ٧�٢١٠١ ٧�٢١٢٦ Live body weight 
(g) S.E. ٨�١١٣ 

a 
٧�٤١ 

a 
٨�٥٨ 

a 
٣�٨١ 

a 
٤�١٥٣ 

a 
٤�١٢٠ 

a 

Mean   ١٦٧�٤٩   ٨٣٣�٥٠   ٨٣٣�٤٥   ٣٣٣�٦٣   ٨٣٣�٥٥   ٠٠٠�٥٥ Liver weight 
(g) S.E. ٦٥١�٣ 

b ٠٠٧�٢ 
ab ١٠٨�٢ 

a ٠٠٧�٢ 
c ٣٨٦�٢ 

bc ٠٠٧�٢ 
bc 

Mean    ٢٥٩�٢    ٣١٠�٢    ١٧٤�٢    ٧٧٢�٢    ٦٦٧�٢    ٥٨٦�٢ Liver % 
 S.E. ٠٩٣�٠ 

abc ١٣٤�٠ 
ab ١٢٩�٠ 

a ١٦١�٠ 
d ٠٧٨�٠ 

bcd ١١٤�٠ 
cd 

Mean   ١٦٧�٤٩   ٣٣٣�٥٣   ٦٦٧�٥١   ٥٠٠�٥٢   ١٦٧�٤٩   ٦٦٧�٥١ Gizzard weight (g) 
S.E. ١٠٨�٢ 

a ٠٠٧�٢ 
a ٥٠٠�٢ 

a ٥٧٥�٣ 
a ٥٧٨�٥ 

a ٣٨٦�٢ 
a 

Mean    ٢٨٠�٢    ٤٣٤�٢    ٤٢١�٢    ٢٩١�٢    ٣٤٨�٢    ٤٤٧�٢ Gizzard % 
S.E. ٠٩٧�٠ 

a ١٢٤�٠ 
a ١١٤�٠ 

a ١٢٩�٠ 
a ٢٦٠�٠ 

a ٢٠٢�٠ 
a 

Mean    ٣٣٣�٢    ٥٠٠�٢    ١٦٧�٢    ٠٠٠�٣    ٨٣٣�٣    ٠٠٠�٣ Spleen weight (g) 
S.E. ٨١٦�٠ 

a ٠١٤�١ 
a ٨١٦�٠ 

a ١٦٧�٠ 
a ٢٢٤�٠ 

a ٢١١�٠ 
a 

Mean    ١٠٦�٠    ١١٢�٠    ١٠٢�٠    ١٣٤�٠    ١٨١�٠    ١٣٦�٠ Spleen % 
S.E. ٠٣٠�٠ 

a ٠٤٧�٠ 
a ٠٤٠�٠ 

a ٠٠٨�٠ 
a ٠٠٥�٠ 

a ٠٠٨�٠ 
a 

Mean    ٦٦٧�٣    ٦٦٧�٣    ٦٦٧�٣ ٦٦٧�٣    ٥٠٠�٣    ٦٦٧�٣ Heart weight (g) 
S.E. ٢١١�٠ 

a ٢٢٤�٠ 
a ٢١١�٠ 

a ٣٣٣�٠ 
a ٣٣٣�٠ 

a ٣٣٣�٠ 
a 

Mean    ١٦٦�٠    ١٦٦�٠    ١٧٢�٠ ١٦٠�٠    ١٦٧�٠    ١٧٥�٠ Heart % 
S.E. ٠١٣�٠ 

a ٠١١�٠ 
a ٠٠٩�٠ 

a ٠١٣�٠ 
a ٠١١�٠ 

a ٠٠٨�٠ 
a 

Group ١= Vit. C ٠٣�٠٪  Group ٤= Heat acclimated 
Group ٢= KCl ٠�١٪  Group ٥= Control 
Group ٣= NaHCO٠�١ ٣٪  Group ٦= Fat supplemented (٦٪) 
Similar letters within each column are not significantly differ at p=٠٥�٠. 
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Table (٥): Effect of treatments on carcass characteristics of broiler chicks (٧ week age). 
 

  Group ١ Group ٢ Group ٣ Group ٤ Group ٥ Group ٦ 

Mean ٠٠٠�٢٢٠٠ ٠٠٠�٢٢٢٠ ٣٣٣�٢١٣٣ ٠٠٠�٢٢٩٥ ٦٦٧�٢١٠١ ٦٦٧�٢١٢٦ Live body weight 
(g) S.E. ٨٠٣�١١٣ 

a 
٧٤٧�٤١ 

a 
٨٠٨�٥٨ 

a 
٣٠٩�٨١ 

a 
٤٠٦�١٥٣ 

a 
٤١٦�١٢٠ 

a 

Mean  ٣٣٣�١٠٤  ٣٣٣�١١٠  ٣٣٣�١٠٣  ٥٠٠�١٢٢  ٣٣٣�١١٢  ٣٣٣�١١٣ Giblets weight 
(g) S.E. ٦٣٧�٥ 

ab ٠١٨�٣ 
ab ٦٠٣�٣ 

a ٨١٤�٤ 
b ٩٢٧�٦ 

ab ٣٧٦�٢ 
b 

Mean    ٨١١�٤    ٠٢٢�٥    ٨٧٠�٤    ٣٥٧�٥    ٣٦٣�٥     ٣٤٤�٥ Giblets % 
 S.E. ١٣٧�٠ 

a ٢٢٣�٠ 
a ٢٢٢�٠ 

a ٢٥١�٠ 
a ٢٨٧�٠ 

a ٢٧٢�٠ 
a 

Mean ٣٣٣�١٤٢٣ ٣٣٣�١٤١٣ ٣٣٣�١٣٦٨ ٠٠٠�١٤٢٥ ٠٠٠�١٣٧٥ ٣٣٣�١٣٦٨ Carcass weight (g) 
S.E. ٧٦٠�٧١ 

a ٨٥٢�٤٤ 
a ٩٧٩�٣٩ 

a ٤٦٥�٥٩ 
a ٦٦٧�٩٦ 

a ٥٢٥�٨٤ 
a 

Mean   ٦٠٨�٦٤   ٦٧٤�٦٣   ٠٩٣�٦٤   ٢١٨�٦٢   ٣٦٣�٦٥   ٣٧١�٦٤ Dressing % 
S.E. ٦٣٢�٠ 

a ٠٨٦�١ 
a ٨٣٢�١ 

a ٧٠٨�٠ 
a ٣٨٨�٠ 

a ٤٩٢�٠ 
a 

Mean ٦٦٧�١٥٢٧ ٦٦٧�١٥٢٣ ٦٦٧�١٤٧١ ٥٠٠�١٥٤٧ ٣٣٣�١٤٨٧ ٦٦٧�١٤٨١ Edible parts weight (g) 
S.E. ٢٥٥�٧٦ 

a ٥٧٥�٤٣ 
a ٠٩٧�٤١ 

a ٣٦٤�٦١ 
a ٢٠٦�١٠١ 

a ٩٦٨�٨٤ 
a 

Mean   ٤١٩�٦٩   ٦٩٦�٦٨   ٩٦٣�٦٨   ٥٧٦�٦٧   ٧٢٦�٧٠   ٧١٥�٦٩ Edible parts % 
S.E. ٥٥٠�٠ 

a ٠١٩�١ 
a ٩٦٥�١ 

a ٧٧١�٠ 
a ٣٢٠�٠ 

a ٣٨٨�٠ 
a 

Giblets weight = gizzard weight + liver weight + heart weight + spleen weight  
Dressing % = carcass weight/ live body weight*١٠٠ 
Edible parts weight = carcass weight + giblets weight  
Group ١= Vit. C ٠٣�٠٪  Group ٤= Heat acclimated 
Group ٢= KCl ٠�١٪  Group ٥= Control 
Group ٣= NaHCO٠�١ ٣٪  Group ٦= Fat supplemented (٦٪) 
Similar letters within each column are not significantly differ at p=٠٥�٠. 
Table (٦): Effect of treatments on carcass chemical analysis of broiler chicks (٧ week age). 
 

  Group ١ Group ٢ Group ٣ Group ٤ Group ٥ Group ٦ 

Mean ١٣٥�٦٣ ٦٧٢�٦٣ ١٠٣�٦٤ ٠٥٣�٦١ ٠٥٠�٦٤ ٢٢٧�٦٤ Moisture % 
S.E. ١٤١�١ 

a 
٦٨٦�٠ 

a 
٣٦٤�٢ 

a 
٧٤٠�٠ 

a 
٠٢١�٢ 

a 
٩٩٠�٠ 

a 

Mean ٢٣٣�١٩ ٨٠٠�١٦ ٠٠٠�١٨ ٦٣٣�١٦ ٧٣٣�١٧ ٦١٧�١٧ Protein % 
S.E. ٥٩٠�٠ 

ab ٤٧٢�٠ 
ab ٧٥٣�٠ 

b ٣٥٩�٠ 
ab ٩٦٤�٠ 

b ٣٢٠�٠ 
a 

Mean ٠٨٢�١٥ ٦٢٨�١٤ ٧٧٥�١٥ ٨١٨�١٧ ٤٨٢�١٤ ١٠٩�١٤ Fat % 
 S.E. ٩٩٨�٠ 

a ٨١١�٠ 
a ٥١٨�١ 

a ٣٥٩�١ 
a ٣٩٩�١ 

a ٠٨٤�١ 
a 

Mean  ٧٠٠�٢  ٢٣٢�٢  ٦٠٠�٢  ٦٠٨�٢  ٥١٣�٢  ٣٧٤�٢ Ash % 
S.E. ٢٩٥�٠ 

a 
٢٧١�٠ 

a 
١٧٢�٠ 

a 
١٨٧�٠ 

a 
٢٢٣�٠ 

a 
٢٤٩�٠ 

a 

Group ١= Vit. C ٠٣�٠٪  Group ٤= Heat acclimated 
Group ٢= KCl ٠�١٪  Group ٥= Control 
Group ٣= NaHCO٠�١ ٣٪  Group ٦= Fat supplemented (٦٪) 
Similar letters within each column are not significantly differ at p=٠٥�٠. 
Table (٧): Effect of treatments on rectal temperature of broiler chicks from ٧ – ٢ weeks of age. 
 

Age  Group ١ Group ٢ Group ٣ Group ٤ Group ٥ Group ٦ 

Mean ٢ ٤١٩�٤١ ٤٢٢�٤١ ٤٦٧�٤١ ٣٥٦�٤١ ٣٧٠�٤١ ٤٣١�٤١ weeks 
S.E.  ٠٧٥�٠ 

a 
 ٠٧٢�٠ 

a 
 ٠٧٢�٠ 

a 
 ١٠٨�٠ 

a 
 ٠٨١�٠ 

a 
 ٠٦٧�٠ 

a 

Mean ٣ ١٩٤�٤١ ٢٠٠�٤١ ١١١�٤١ ٠٦٧�٤١ ٣٤٨�٤١ ٤١٢�٤١ weeks 
S.E.  ٠٨٠�٠ 

a 
 ٠٧٨�٠ 

ab 
 ٠٤٩�٠ 

c 
 ٠٥٧�٠ 

c 
 ٠٦٠�٠ 

bc 
 ٠٥١�٠ 

bc 

Mean ٤ ٢٤٦�٤١ ١٦٧�٤١ ١٩٠�٤١ ١١٩�٤١ ١٣٦�٤١ ١١٨�٤١ weeks 
S.E.  ٠٤٦�٠ 

a 
 ٠٥٢�٠ 

a 
 ٠٥١�٠ 

a 
 ٠٦١�٠ 

a 
 ٠٥٨�٠ 

a 
 ٠٥٦�٠ 

a 

Mean ٥ ٢٣٧�٤١ ٢٨٩�٤١ ١١١�٤١ ٢٨٩�٤١ ٢٣٩�٤١ ٢٥٥�٤١ weeks 
S.E.  ٠٦٢�٠ 

a 
 ٠٦٤�٠ 

a 
 ٠٦٨�٠ 

a 
 ٠٤٧�٠ 

a 
 ٠٦٨�٠ 

a 
 ٠٥٦�٠ 

a 

Mean ٦ ١٤٥�٤١ ١٧٨�٤١ ٢٠٠�٤١ ٢٤٤�٤١ ١٧٤�٤١ ٠٩٨�٤١ weeks 
S.E.  ٠٩٨�٠ 

a 
 ١٠٩�٠ 

a 
 ٠٩٦�٠ 

a 
 ١٠٣�٠ 

a 
 ٠٨٦�٠ 

a 
 ٠٨٦�٠ 

a 

Mean ٧ ٢٢٦�٤١ ٢٢٢�٤١ ١٣٣�٤١ ١٧٨�٤١ ٢٣٩�٤١ ١٣٧�٤١ weeks 
S.E.  ٠٦٣�٠ 

a 
 ٠٨٣�٠ 

a 
 ٠٨٦�٠ 

a 
 ٠٩٨�٠ 

a 
 ١٠٠�٠ 

a 
 ٠٨٧�٠ 

a 

Group ١= Vit. C ٠٣�٠٪  Group ٤= Heat acclimated 
Group ٢= KCl ٠�١٪  Group ٥= Control 
Group ٣= NaHCO٠�١ ٣٪  Group ٦= Fat supplemented (٦٪) 
Similar letters within each column are not significantly differ at p=٠٥�٠. 
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Table (٨): Effect of treatments on respiration rate of broiler chicks from ٧ – ٢ weeks of age. 
 

Age  Group ١ Group ٢ Group ٣ Group ٤ Group ٥ Group ٦ 

Mean ٢ ٧٧٤�٦٨ ٦٢٢�٦٨ ٤٠٠�٦٨ ٣٥٦�٦٩ ٦٩٦�٦٨ ٤١٢�٦٧ weeks 
S.E.  ٦٣١�٠ 

b 
 ٥٥٧�٠ 

ab 
 ٤٩٥�٠  

a 
 ٦٨٩�٠ 

ab 
 ٦٣٧�٠ 

ab 
 ٥٤١�٠ 

ab 

Mean ٣ ٢٥٨�٧٢ ٢٠٠�٧٢ ٠٠٠�٧١ ٤٤٤�٧٢ ٩٥٧�٧٠ ٤٣١�٦٨ weeks 
S.E.  ٨٦٣�٠ 

b 
 ٧١٤�٠ 

ab 
 ٧٦٦�٠  

a 
 ٩٣٧�٠ 

ab 
 ٧٤٦�٠ 

ab 
 ٥٩٧�٠ 

ab 

Mean ٤ ٦٦١�٧٣ ٨٨٩�٧٤ ١٣٣�٧٥ ٨٤٤�٧٥ ١٩١�٧٧ ٩٢٢�٧٥ weeks 
S.E.  ٩٠٦�٠ 

ab 
 ٠٩٧�١ 

a 
 ٠٨٣�١  

ab 
 ٩٥١�٠ 

ab 
 ٨٤٧�٠ 

ab 
 ٨٠٩�٠ 

b 

Mean ٥ ٤٦٨�٦٣ ٣٣٣�٦٢ ٥٧٨�٦١ ٦٣٦�٦٠ ١١٤�٦٠ ٣٥٣�٦٢ weeks 
S.E.  ٩٠٤�٠ 

ab 
 ٩٤٥�٠ 

b 
 ١٥٤�١  

ab 
 ٠٩٩�١ 

ab 
 ١٤٤�١ 

ab 
 ٩٧٠�٠ 

a 

Mean ٦ ١٩٤�٦٠ ٢٤٤�٥٨ ٣١١�٦٠ ٤٣٢�٥٥ ٩٣٢�٥٩ ٤١٢�٦٠ weeks 
S.E.  ١٢٦�١ 

a 
 ٠٧٥�١ 

a 
 ٦٨٠�١  

b 
 ٣٢٣�١ 

a 
 ٣٠٧�١ 

ab 
 ٠٠٧�١ 

a 

Mean ٧ ٢٤٢�٥٩ ٥٧٨�٦٠ ٠٤٤�٦٣ ٧٠٥�٦٢ ٣٨٦�٦٢ ٣٧٣�٦١ weeks 
S.E.  ١٦٦�١ 

ab 
 ١٢٠�١ 

ab 
 ٢٢٠�١  

ab 
 ١٤٠�١ 

a 
 ٠٦٥�١ 

ab 
 ٠٤٥�١ 

b 

Group ١= Vit. C ٠٣�٠٪  Group ٤= Heat acclimated 
Group ٢= KCl ٠�١٪  Group ٥= Control 
Group ٣= NaHCO٠�١ ٣٪  Group ٦= Fat supplemented (٦٪) 
Similar letters within each column are not significantly differ at p=٠٥�٠. 
    
    Table (٩): Effect of treatments on rectal temperature of broiler chicks before and after heat stress. 
 

  Group ١ Group ٢ Group ٣ Group ٤ Group ٥ Group ٦ 

Mean ٢٠٤�٤١ ٢٠٨�٤١ ١٦٣�٤١ ١٧٧�٤١ ٢٢٥�٤١ ٢١٦�٤١ Before heat stress 
S.E.  ٠٣٠�٠ 

a 
 ٠٢٥�٠ 

a 
 ٠٢٦�٠ 

a 
 ٠٢٤�٠ 

a 
 ٠٢٩�٠ 

a 
 ٠٢٦�٠ 

a 

Mean ٥٠٠�٤٣ ٤٠٠�٤٣ ٠٠٠�٤٤ ١٠٠�٤٤ ٥٠٠�٤٤ ٠٠٠�٤٤ During heat stress 
S.E.  ٢٩٨�٠ 

abc 
 ١٦٧�٠ 

a 
 ٢٣٣�٠ 

ab 
 ١٤٩�٠ 

abc 
 ١٦٣�٠ 

c 
 ١٦٧�٠ 

bc 

Mean ٨٠٠�٤٣ ١٠٠�٤٤ ٨٠٠�٤٣ ٣٠٠�٤٣ ٣٠٠�٤٣ ٠٠٠�٤٣ After heat stress 
S.E.  ٠٠٠�٠ 

b 
 ١٥٣�٠ 

b 
 ١٥٣�٠ 

b 
 ١٣٣�٠ 

a 
 ١٨٠�٠ 

a 
 ٢٠٠�٠ 

a 

Group ١= Vit. C ٠٣�٠٪  Group ٤= Heat acclimated 
Group ٢= KCl ٠�١٪  Group ٥= Control 
Group ٣= NaHCO٠�١ ٣٪  Group ٦= Fat supplemented (٦٪) 
Similar letters within each column are not significantly differ at p=٠٥�٠. 
Table (١٠): Effect of treatments on respiration rate of broiler chicks before and after heat stress. 
 

  Group ١ Group ٢ Group ٣ Group ٤ Group ٥ Group ٦ 

Mean  ٢٦٩�٦٦ ١٤٥�٦٦  ٦٥٢�٦٦  ٠١٧�٦٦  ٦٥٥�٦٦  ٩٨٨�٦٥ Before heat stress 
S.E.   ٣٨٧�٠ 

a 
  ٣٢٣�٠ 

a 
  ٤٣٣�٠ 

a 
  ٤٤١�٠ 

a 
  ٤١٣�٠ 

a 
 ٣٥٠�٠ 

a 

Mean ٣٠٠�٩٤ ٣٠٠�٩٧  ٥٠٠�١٠١ ٥٠٠�١٠٢ ٧٠٠�١٠٥ ٤٠٠�١٠٥ During heat stress 
S.E.   ٤٥٩�٢ 

a 
  ١٤٥�٢ 

a 
  ٠٩٤�٢ 

ab ٨٩٩�١ 
ab 

  ٢٧٤�١ 
bc 

 ٠٥٥�١ 
c 

Mean  ٣٠٠�٨٢ ١٠٠�١٠٦ ٢٠٠�١٠٢ ٩٠٠�٩٣  ٦٠٠�٩٢  ١٠٠�٨٧ After heat stress 
S.E.   ٩١٢�٠ 

cd 
  ٩٥٦�١ 

bc 
  ٣٣٧�١ 

b 
  ٤١٧�٢ 

a 
  ٩٥٧�٢ 

a 
 ٨٢٦�١ 

d 

Group ١= Vit. C ٠٣�٠٪  Group ٤= Heat acclimated 
Group ٢= KCl ٠�١٪  Group ٥= Control 
Group ٣= NaHCO٠�١ ٣٪  Group ٦= Fat supplemented (٦٪) 
Similar letters within each column are not significantly differ at p=٠٥�٠. 
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