
J. Agric. Sci. Mansoura Univ., 26 (11): 6705 - 6710 , 2001. 

 بسم الله الرحمن الرحيم
BODY FLUIDS AS AFFECTED BY FAT 

SUPPLEMENTATIONDURING HEAT STRESS IN BROILERS 
El-Far, A. A. 1; Nagwa A.  Maghraby 2; A. M. I.  Dawoud3 and 
Nagwa A.Ahmed1. 
1 Animal Production Department, Faculty Of Agriculture, Cairo 

University, Giza, Egypt. 
2 National Research Center, Giza, Egypt. 
3 Animal and Poultry Physiology Department, Desert Research Center, 

Giza, Egypt.  
 

ABSTRACT 
 

This study was conducted to determine the effect of dietary fat 
supplementation in body fluids compartments, respiration rate (RR) and rectal 
temperature (Rt) of broilers during heat exposure. One hundred and twenty (1- day – 
old) unsexed Sasso chicks were divided randomly into 4 groups. The first group was 
fed a control diet and kept under normal ambient temperature (28oc). The second 
group was fed the control diet and exposed to 40oc for 3 hrs. at 49 days  of age. The 
third group was fed the control diet supplemented with corn oil (6%). The fourth group 
was fed the control diet supplemented with (6%) corn oil and exposed to 40 oc for 
3hrs. at 49 days of age. Body fluids compartments, respiration rate and rectal 
temperature were measured. Results indicated that rectal temperature and respiration 
rate increased during heat exposure in broilers fed diet with or without fat 
supplementation. 

Fat supplementation diet decreased total body water % (TBW%) of broilers 
with or without heat exposure. Heat exposure (40oc) decreased the percentage of 
plasma volume (PV%) in broilers. Fat supplementation prevent the reduction of P.V%. 
In occlusion, the maintenance of plasma volume % in broilers via dietary fat 
supplementation is an adaptive mechanism to heat stress.  
Keywords: broilers, heat stress, body fluids, fat supplementation 

 

INTRODUCTION 
 

Mortality of broilers due to heat prostration is a problem for broiler 
producers when summer temperature is near 38oc., especially in the humid 
production areas. Economic losses due to heat prostration are very drastic, 
especially, when broilers are about ready for marketing (Reece et al., 1972). 

May (1995) found that mortality rate of broilers exposed to 37.8 C for 8 hrs. 

was higher than broilers at normal temperature  (29.4C) . 
Physiological effects of hyper thermic panting have been studied. 

Khalifa et al. (1994) and Dawoud (1998) found that the evaporative cooling by 
panting in broilers decreased plasma volume by about 50% during heat 
stress.  

Several authors used ascorbic acid for reducing the deleterious effects 
of heat stress in broilers, McKee and Harrison (1995) found that ascorbic acid 
was responsible for increasing resistance of female Hubbard broiler chicks to 
multiple concurrent stressors.  
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Heat stress substantially reduced growth rate of broilers. Fat 
supplementation to diets has been recorded to reduce this problem via 
reducing the heat increment of the diet (Fuller and Mora, 1973). 

Part of the heat produced by metabolism is referred to the specific 
dynamic effect (SDE) and is attributed to various nutrients in the ration. 
Protein produces a high SDE, whereas carbohydrates produce low SDE, 
while fat has been suggested to produce the lowest SDE (Ceringlia at al., 
1983).  

Khalifa et al. (1994), Dawoud (1998) and Ahmed et al. (1998) reported 
that the increase of broilers mortality rate in summer might be due to the 
decrease of body fluids compartments, especially plasma volume. Dawoud 
(1998) and Ahmed et al. (1998) found that NaCl supplementation to the diet 
did not improve the decrease plasma volume reared in summer.  

The objective of this study was to investigate the effect of dietary fat 
supplementation on body fluids compartments in broilers during heat stress.  
 

MATERIALS AND METHODS 
 

The present study was carried out to study the effect of dietary fat 
supplement-ation on body fluids compartments and thermal reactions of 
broilers during exposure to heat.  

One hundred and twenty unsexed (one – day – old) Sasso chicks  
were used in this study. Chicks were randomly divided into 4 groups. Birds in 
group 1 were fed a broiler diet containing 20% crude protein and 2890 kcal/kg 

diet (control diet) and kept under normal ambient temperature (28   ْ c) up to 

49 days of age. Birds, in group 2 were fed a control diet up to 49 days of age. 
Birds in group 3 were kept under normal ambient temperature and fed the 
control diet supplemented with 6% fat (as corn oil). Birds in group 4 were fed 
a control diet with 6% fat supplementation up to 49 days of age. Feed and 
water were available ad-libitum during rearing and heat stress periods. At 49 

days of age birds in group 2 and group 4 were exposed to 40C for 3hrs and 
twenty birds (5 from each group) were used for measurements. Rectal 
temperature (Rt) was measured using digital thermometer inserted for 2 cm 
in cloaca. Respiration rate (RR) was measured by counting body wall 
movements per minute. Body fluids compartments were determined. 

Total body water (TBW) was measured using antipyrine method as 
described by Weiss (1958). Extracellular fluid (ECF) was estimated by 
potassium thiocyanate method as described by Hix et al. (1959). Plasma 
volume (Pv) was determined by Evan’s blue method as described by 
Kennedy and Mellikan (1938). Intracellular fluid (ICF) was calculated by 
subtracting ECF from TBW, and interstitial fluid (ISF) was calculated by 
subtracting Pv. from ECF.  

Least square means was used to calculate the mean of studied traits 
using SAS (1988). Differences among means were compared using Duncan’s 
test (1955). 

RESULTS AND DISCUSSION 
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1- Rectal Temperature (RT) 
Exposure to heat significantly increased rectal temperature in group 2 

and group 4 (Table1). Similar results were found by Kamar and Khalifa 
(1977), Borady et al. (1979), Sinarat and Balanare (1985) and Deyhin and 
Teeter (1991) who found that body temperature was increased as ambient 
temperature increased. Dietary fat supplementation slightly decreased RT 
when comparing birds of group 1 and 3 (Table1). 
 
Table 1: Effect of dietary fat supplementation on respiration rate (RR) 

and rectal temperature (Rt) of broilers during exposure to 
heat.  

Group RR Rt. 

Group 1 53.20 B  1.356 42.96 B  0.356 

Group 2 103.20A  6.591 44.68 A  0.548 

Group 3 53.60 B  3.31 42.20 B  0.148 

Group 4 104.40 A  6.794 44.14 A  0.068 
A, B Means in the same column having different superscripts are significantly different (P  

0.05). 
Group 1: control group. 
Group 2: control group and heat exposure (40 oc 3hrs at 49d age).  
Group 3: control group with fat supplementation (6%)  

Group 4: control group with fat supplementation (6%) and heat exposure (40oc for 
3hrs.) at  49 days of age. 

 
2- Respiration rate (RR) 

Exposure to heat significantly increased respiration rate in both groups 
(2 and 4). Similar trends were found by Weiss and Barbely (1957) and Kamar 
and Khalifa (1977) who found that respiration rate was slightly lower at warm 

weather (21C) than at hot weather (31C). Respiration rate greatly increased 

at air temperatures higher than 30C to aid in heat loss by evaporating 
cooling.  
 
3- Total Body Solids (TBS%): 

Exposure to heat showed no effect on TBS%. Total Body Solids were 
significantly increased (Table 2) in groups 3 and 4 which fed diets 
supplemented with fat. This increase may be due to the increase in 
abdominal fat. 

 
4-1- Total Body Water (TBW%): 

Exposure to heat showed no effect no TBW%. However, fat 
supplementation in both groups 3 and 4 significantly decreased TBW% 
(Table 2). This decrease may be due to the increase in abdominal fat.  
 
 
 
Table 2: Effect of dietary fat supplementation on body fluids 

compartments of broilers during heat exposure  

Group Body TBS TBW ECF % ICF % 
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weight 
(gm) 

% % 
ISF % PV % Total 

% 

Group 1 1234 A 
115.52 

33.34 B 
0.763 

66.66 A 
0.763 

29.67A 
0.667 

7.56 A 
0.584 

37.23 A 
0.375 

29.43 B 
1.096 

Group 2 1208 A  
129.28 

33.71 B 
0.787 

66.29 A 
0.779 

26.58A 
1.024 

5.89 B 
0.448 

32.47 A 
1.175 

33.82 A 
1.513 

Group 3 1460 A 
124.89 

41.65 A 
0.443 

58.34 B 
0.443 

26.55A 
1.367 

7.39 A 
0.510 

33.94 B 
0.984 

24.40 A 
1.318 

Group 4  1146 A 
59.96 

41.01 A 
0.876 

58.39 B 
0.876 

20.52B 
0.818 

6.57 A 
0.568 

27.09 C 
0.358 

31.30 A 
1.215 

A, B, C Means the in same column having different superscripts are significantly different (P 

 0.05). 
Group 1: control group. 
Group 2: control group and heat exposure (40 oc 3hrs at 49d age).  
Group 3: control group with fat supplementation (6%)  

Group 4: control group with fat supplementation (6%) and heat exposure (40o c for 3hrs.) 
at 49 days of age. 
 
4-2- Intra cellular fluids (ICF%): 

Intra cellular fluids in group 2 which exposed to high temperature were 
significantly higher than that in group 1. Similar results were found by Khalil et 
al. (1991) who found that ICF% in hens was significantly higher in summer 
than in winter. A higher and significant increase occurred when birds fed diets 
supplemented with 6% fat and exposed to heat stress in group 4. 
 
4-3- Extra cellular fluids (ECF%): 

The increase in evaporative cooling during heat stress in group 2 
caused a significant reduction in ECF% (Table 2) Khalil et al. (1991) found 
that ECF% in hens was significantly lower in summer than in winter. They 
suggested that this reduction was due to a higher water loss through panting 
in summer. Feeding birds in group 4 a diet supplemented with 6% fat and 
exposing them to heat stress showed significantly more decrease in ECF%. 
 
4-4- Interstitial fluid (ISF%): 

The effect of heat exposure with or witthout a diet supplemented with 
6% fat (Table 2) showed similar trend on ISF% as in ECF% in group 4 and 
group 2, respectively. 
 
4-5- Plasma volume (PV%): 

Exposure to heat significantly decreased plasma volume % in group 2 
(Table 2). Khalifa et al. (1994) and Dawoud (1998) found that the evaporative 
cooling by panting in broilers decreased plasma volume by about 50% during 
heat stress. On  the  other  hand, addition  of  6%  fat  in  group  4 prevent the  

 
reduction in PV%. Since, heat produced by fat metabolism has the 

lowest SDE (Ceringlia et al., 1983).  
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It could be concluded from the results of the present study that, the 
maintenance of PV% via fat supplementation is an adaptive mechanism to 
heat stress. 
 

REFERENCES 
 

Ahmed, Nagwa A.; H.H. Khalifa; S. Eltantawy; M. Kicka and A.M. Dawoud 
(1998). Response of broilers body fluids and some physiological traits to 
changes in environmental condition. Egyp. J. Anim. Prod. 35, Suppl. 
Issue, Dec.m, 1998: 125-139. 
Borady, A.M.; M.M. Sahfie and N.H. Abdelmutaal (1979).Maturation of 

homeathermy in Fayoumi chickens. Egypt. J. Anim. Prod., 19(2): 205-
218.  

Cerniglia, G.J.; J. A. Hebert and A.B. wahs (1983). The effect of constant 
ambient temperature and ration on the performance of sexed of 
broilers. Poul. Sci., 62: 746-754. 

Dawoud, A.M.I. (1998). Effect of environmental conditions on body 
composition of broilers.  Ph.D. Thesis, Fac. Agric. Cairo Un. 

Dehyime, F. and R.G. Teeter (1991). Sodium and potassium chloride drinking 
water supplementation effects on acid-base balance and plasma 
corticosterone in broilers reared in thermoneutral and heat-distressed 
environments. Poultry Sci., 70: 2551-2553. 

Duncan, D.B. (1955). Multiple range test and multiple F-test Biometrics, 11:1-
42. 

Fuller, H.L. and G. Mora (1973). Effect of heat increment of the diet on feed 
intake and growth of chicks under heat stress. pp. 58 – 44 inproc. 
Maryland Natr. Cinf. 

Hix, E.L.; G.K.L. Underbjerg and J.S. Hughes (1959). The body fluids of 
ruminants and their Simultaneous determination. Am. J. Vet. Res., 20: 
184 – 191.  

Kamar, G.A.R. and M.A. Khalifa (1977). Effect of hot and cold weather on 
body reactions of chickens. Egypt. J. Anim. Prod., 17:141-146. 

Kennedy, J.A. and G.A. Mellikan (1938). A micro blood volume method using 
a blue dye and photo cell. J. Physiol., 93: 276 – 284.  

Khalifa, H.H.; N.F. Abdel-Hakim and A.M. Dawoud (1994). Effect of growing 
season on growth rate and body fluids compartment of broilers. Egyp. 
J. Anim. Prod., 31: 403 – 418. 

Khalil, M.H.; H.H.; Khalifa; A.A. Amer and M.A. Awadallah (1991). Effect of 
dehydration and salt stress in chickens on behavioral and physiological 
responses reflected on egg production. Egypt. J. Anim. Prod. 

Mackee, J.S. and P.C. Harrison (1995). Effect of supplemental Ascorbic acid 
on the performance of broiler chickens exposed to multiple concurrent 
stressors. Poul Sci., 74: 1772 – 1785. 

May, J.D. (1995). Ability of broilers to resist heat following Neonatal exposure 
to high environmental temperature. Poul. Sci., 74: 1905 – 1907. 



El-Far, A. A. et al. 

 6710 

Reece, F.N.; J.W. Deaton and L.F. Kubena (1972). Effects of high 
temperature and humidity on heat  prostration of broiler chickens. Poul. 
Sci., 51: 2021 – 2025.  

Rodbard, S.; H. Saiki; A. Malin and C. Young (1951). Significance of changes 
in plasma and extracellular volumes in induced hyperthermia and 
hypothermia. Am. J. Physoil., 167:485. 

SAS, (1988). SAS User’ Guide: statistics, SAS Inst. Inc., Cary, NC. 
Sinurat, A.P. and D. Balnave (1985). Effect of dietary amino acids and 

metabolizable energy on the performance of broilers kept in high 
temperature. Br. Poultry. Sci., 26:117-128. 

Weiss, H.S. (1958). Application to the fowl of the antipyrine dilution technique 
for the estimation of body compostion. Poul. Sci., 37: 484 – 489.  

Weiss, H.S., and E. Borbely (1957). Seasonal changes in the resistance of 
the hen to thermal stress. Poultry Sci., 36: 1383-1384. 

 
 لحرارىاتأثير إضافة الدهن إلى دجاج التسمين على سوائل الجسم أثناء الإجهاد 

 1ىو نجوى عبدالهاد 3ـ أحمد محمود داود 2ـ نجوى عبدالمنعم مغربى 1أحمد الفار

 قسم الإنتاج الحيوانى ، كلية الزراعة ، جامعة القاهرة ، الجيزة ـ مصر . -1
 المركز القومى للبحوث ، جيزة ـ مصر. -2
 قسم فسيولوجى الحيوان والدواجن ، مركز بحوث الصحراء ، الجيزة ـ مصر. -3

 
رارى علمى يد تأثير إضافة الدهن إلى علائق دجاج التسميين أثاماا اهجدماد الحمأجريت هذه الدراسة لتحد

 سوائل الجسم ويعدل التافس ودرجة حرارة الجسم.
كتكمموت ساسممو عيمممر يمموم. تممم تيسمميم الكتاكيممت إلممى أر عممة يجمممايي     120اسممتمدم فممى هممذا ال حمم  

م    30تحمت درجمة الحمرارة العاديمة  اليجيوعة الأولى كاتمرول كاامت التيذيمة فيدما  مدون إضمافة دهمن وكاامت
لمى عيمر عاليجيوعة الثااية تيذت على افس عليية اليجيوعة الأولى )كاترول( ولكن تم تعريض الكتاكيت فيدما 

ة زيمت ذر %6ساعات واليجيوعة الثالثة تيمذت علمى علييمة يضماا لدما  3م ليدة  40يوم لدرجة حرارة  49
م لدرجمة يمو 49ية يثل اليجيوعة الثالثة ثم تعمريض الكتاكيمت علمى عيمر أيا اليجيوعة الرا عة فتيذت على علي

 ساعات. 3م ليدة 40حرارة 
درجمة تم تيدير سوائل الجسم ويعدل التافس ودرجة حرارة الجسم. أوضحت الاتمائ  أن يعمدل التمافس و

ضماا ا أو غيمر يالحرارة ارتفعت أثااا التعريض للإجداد الحرارى فمى حالمة التيذيمة علمى علائمق يضماا إليدم
 إليدا دهن )زيت ذرة(.

عمريض. التيذية على الدهن أدت ايص الياا الكلى  الجسم عامد التعمريض للإجدماد الحمرارى أو عمدم الت

لمدهن اسماعات( أدى إلمى ايمص اسم ة ال لازيما  يايما إضمافة  3م ليمدة 40كيا أن التعريض للإجدماد الحمرارى )
 حسّات ين هذا الايص.

زيما المدم ول أن إضافة الدهن لعلائق دجماج التسميين تم دى إلمى الحفما  علمى اسم ة  لاييا تيدم ييكن الي
 وماصة أثااا اهجداد الحرارى.

 


