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ABSTRACT 
 The study was conducted to evaluate the effect of thermal stress and exercise on feed intake, 
body growth, hormonal and physiological changes in kids. Twelve Alpine X Beetal crossbred 
kids were divided into two groups so that the initial body weights of both groups were similar. 
The study was completed in three phases of 21 days each. In the first phase, group 1 and group 2 
were kept in the shed where environmental temperature varied from 20-24oC and RH 35-40%. In 
the second phase, group 1 was given 1 hour exercise on a treadmill and then exposed at 
temperatures 40, 42 and 440C in a climatic chamber for 2 hours daily for a period of 6 days at 
each exposure temperature. In the third phase, group 1 was again shifted in the shed along with 
group 2. RR, PR and RT of group 1 and group 2 were recorded before exercise and after thermal 
exposure. Physiological reactions increased significantly in group 1 at temperatures 40, 42 and 
44oC. Increase in RR and PR of group 1 was significantly higher (P<0.05) and increase was in 
commensurate with the increase in exposure temperature but magnitude of increase in RT was 
not significant at 42 and 44oC compared to 40oC. DMI in the first and third phase was similar in 
both groups but it was significantly lower in group 1 during phase 2. The variation in body 
weight gain and feed conversion efficiency was similar in group 1 group 2 throughout the period 
of experiment. Serum cortisol, T3 and T4 concentration were similar in group 1 and group 2 
before exercise and thermal stress; the levels of cortisol increased; whereas T3 and T4 decreased 
significantly in group1 due to thermal exposure. Physiological responses, feed intake and 
hormone concentration were impacted by thermal and exercise stress but the ADG and body 
weight loss were negated in group 1 due to adequate and proper nutrient supply. 

Key Words :  Body weight gain, Cortisol, Exercise, Heat stress, Physiological responses,     
Thyroid hormone 

 
INTRODUCTION 

Goat, constituting more than 70% of small 
ruminant population in arid and semi-arid 
region of India, is subjected to multiple 
stressors. Earlier studies indicated that heat 
stress, physical stress due to walking and feed 
scarcity are the major predisposing factors of 
low productivity in hot environment.1,2 
Physiological and behavioral responses have 
been used to gauge the degree of stress 
imposed on animals by heat stress. Increased 
respiration rate and body temperature are the 
most important signs of stress in inclement 
environment3. Respiration rate was the most 
reliable, simple and cost effective indicator of 
heat stress and several authors have reported  

an increased respiration rate in response to 
induced heat stress in sheep4.  Exposure of 
sheep to elevated temperature resulted in a 
decrease of body weight and growth rate5. 
Depleted body condition during period of 
nutrient deficiency reduced heat tolerance of 
sheep6. There is clear evidence that animals 
subjected to prolonged periods of heat stress 
significantly reduce their dry matter intake7. 
During stress, various endocrine responses are 
involved to improve the fitness of the animal. 
The frontline hormones used to overcome 
stressful situations are gluco-corticoids and 
catecholamines. The secretion of gluco-
corticoids is a classic endocrine response to 
stress8. In addition decrease in blood 
circulating thyroid hormone levels determine 
lower rate of metabolism and thermogenesis9. *Author for correspondence 
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Although goats outnumber sheep in many 
areas of tropical environment, their 
susceptibility to combined physical and heat 
stress has not been studied. The main objective 
of this study was to investigate the impact of 
cumulative effects of physical stress and heat 
on growth rate, physiological reactions, feed 
intake and hormonal responses of Alpine x 
Beetal crossbred kids. 

AIMS AND OBJECTIVES 
Goats, reared in the arid and semiarid region of 
the country, are subjected to multiple stresses 
of heat, physical (walking stress during 
grazing), water and feed scarcity. The studies 
have been made to investigate the role of 
single stress (high temperature) at a time on 
their physiological, biochemical and 
productive performances. However, no study 
has been made in combination of two or more 
stresses to investigate the cumulative effects of 
these stresses on goat. In the present study, the 
combined effects of heat and physical stress on 
growth rate, physiological and hormonal 
responses have been reported. The study will 
help to devise strategies to reduce productive 
losses in goats caused by multiple stresses in 
arid and semiarid region of the country.  

MATERIAL AND METHODS 
Twelve male kids of Alpine x Beetal cross of 
approximately four months of age were used 
for this study. The kids were randomly divided 
into two groups of six animals each in such a 
way that their initial body weights were 
approximately the same. For the first 21 days 
the kids of both groups were kept in the goat 
pens. The environmental temperature in the 
goat pens varied between 20-24oC and relative 
humidity 35-40%. Subsequently, the kids of 
group 1 were made to walk on a treadmill for 
one hour at a speed of 2.5 Km/hour and then 
subjected to thermal stress in a climatic 
chamber for two hours daily for a period of 6 
days at each exposure temperature of 40, 42 
and 44oC with one day gap at each exposure 
temperature (total period, 21 days). After 21 
days of thermal exposure, the animals of group 
1 were again shifted in goat pens for next 21 
days. The kids of both groups were given 
berseem ad libitum and concentrate @ 400 g 
per animal per day throughout the experiment. 

Water was made available freely to both 
groups all the time. Feed intake was recorded 
daily. Body weights of kids were taken on 0, 
21, 42 and 63 days of the experiment. The 
composition of the concentrate was maize 
grain 32, mustard cake 11, ground nut cake 22, 
wheat bran 20, de-oiled rice 12, mineral 
mixture 2 and common salt 1% with 20% 
crude protein and 70% TDN. Physiological 
responses, respiration rate (RR), pulse rate 
(PR), rectal temperature (RT) were recorded in 
the morning at 7.00 AM and at the end of 
thermal exposure on alternate day during the 
period of 21-42 days of experiment. RR was 
recorded by flank movement, PR by palpation 
of femoral artery and RT by digital 
thermometer.  Blood samples were collected 
from jugular vein of each animal before 
thermal exposure and at the end of exposure at 
temperature 40, 42, 44oC. Plasma was 
separated immediately after blood collection 
by centrifuging at 3000 rpm and stored at -
20oC. Plasma cortisol was estimated by 
cortisol EIA kit (Caymon Chemical Company, 
1180 East Ellsworth road Ann. Arbour M 
48108, USA). T3 and T4 were estimated by 
RIA assay kit provided by Beckman Coulter. 
The data was analyzed and subjected to test of 
significance by Sigma Plot 11.0 software 
package (Systat software Inc., USA) 

RESULTS AND DISCUSSION 
Respiration Rate (RR) of group 1 and group 2 
before exposure was 14.88±0.24 and 14.89± 
0.32, respectively. The RR of group 1 
increased significantly and the increase was 
significantly different at temperature 40, 42 
and 44oC. The RR of group 1 was significantly 
higher compared to group 2 at all exposure 
temperatures (Table 1). The deviation in RR 
from pre exposure values was 35.67±0.66, 
54.39±0.63 and 67.06±1.14 at temperature 40, 
42 and 44oC, respectively (Table 2). The 
increase in RR in the present study was due to 
individual as well as combined effects of 
exercise and heat stress. Elevated RR is part of 
the repertoire of responses used to increase 
heat loss in situations of elevated heat load. It 
has been reported that respiratory rate was the 
most reliable, practical and cost effective 
indicator of heat stress10 and several authors  
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have reported an increased RR in response to 
induced heat stress in sheep4and goat11.  
Pulse Rate (PR) of group 1 and group 2 before 
exposure was 53.89±0.29 and 54.00±0.40, 
respectively. It increased significantly in group 
1 at temperature 40, 42 and 44oC. Between 
groups, pulse rate of group 1 was significantly 
higher than group 2 at all exposure 
temperatures of 40, 42 and 44oC (Table 1). 
The increase in heart rate due to exposure to 
high temperature in the present studies is in 

agreement with previous studies in goats11 and 
sheep12,9. The pulse rate reflects primarily the 
homeostasis of circulation along with the 
general metabolic status. The observed 
accelerated PR in the study could be due to the 
reported redistribution of blood to peripheral 
tissues to give chance for more heat to be lost 
by sensible (loss by conduction, convection 
and radiation) and insensible (loss by diffusion 
of water from skin) means during exercise and 
heat exposure in goat13.  

Table 1 : Physiological responses of kids subjected to thermal and exercise stress 

Parameters Group Before 
Exposure 

Exposure Temperature (oC) 
40 42 44 

Respiration Rate/minute 
1 14.88a 

±0.24 
50.44Ab 
±0.65 

70.44Ac 
±0.65 

84.40Ad 
±1.00 

2 14.89a 
±0.32 

19.33Bb 
±0.30 

20.28Bb 
±0.30 

22.80Bb 
±0.50 

Pulse Rate/ minute 
1 53.89a 

±0.29 
58.28Ab 
±0.49 

61.56Ac 
±0.47 

63.90Ad 
±0.41 

2 54.00a 
±0.40 

54.52Ba 
±0.32 

56.06Bb 
±0.47 

58.30Bb 
±0.96 

Rectal Temperature (o F) 
1 102.50a 

±0.09 
103.70Ab 

±0.17 
103.7Ab 
±0.10 

104.20Ab 
±0.88 

2 102.50a 
±0.19 

102.60Ba 
±0.10 

102.70Ba 
±0.08 

102.90Ba 
±0.42 

Superscript a,b,c,d differ significantly in a row for individual parameter 
Superscript A, B, differ significantly between groups for individual parameter 

Rectal Temperature (RT) of group 1 and group 
2 before exposure was 102.5±0.09 and 
102.5±0.19o F, respectively. RT increased 
significantly at 40oC from pre exposure values 
but further increase at 42 and 44oC was not 
significant. Between groups, RT was 
significantly higher in group 1 compared to 
group 2 at exposure temperature of 40, 42 and 
44oC (Table 1). The deviations in RT from pre 
exposure values was significantly higher in 
group 1 than group 2, but within groups it was 
not significant at temperature 40, 42 and 44oC 
(table 2). RT and RR are important measures 
of physiological status and ideal indicator of 
stress in animals14. The major response to heat 
stress was a large increase in RR and when 
respiratory cooling was inadequate. In the 
present study RT increased significantly at 
40oC compared to pre exposure values but 
further increase in RT at 40 and 44oC was not 

significant, whereas there was very high 
increase in RR (> 80 breaths/ minute) with the 
increase in exposure temperature. The high 
increase in RR at 42 and 44oC compared to 
40oC might have been adequate in balancing 
heat load and to prevent increase in RT at 42 
and 44oC. The increased RT in response to 
thermal exposure is also reported in sheep15, 
goat11. The physiological reactions are good 
indicators of thermal stress and the deviations 
in these parameters increased with the increase 
in intensity of thermal stress in this study 
(Table 2). The RT increased significantly 
under thermal and exercise stress when 
exposed at high temperatures. To maintain the 
body temperature, excess heat is dissipated 
through respiratory passage by increasing the 
RR. However, when the animals failed to 
maintain its heat balance, RT increased as also 
reported by other workers13. 
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Table 2 : Deviations in physiological responses from pre exposure values of kids 

Parameters Groups Exposure Temperature (o C) 
40 42 44 

Respiration Rate/minute 1 35.67Aa±0.66 54.39Ab±0.63 67.06Ac±1.14 
2 4.44Ba±0.25 3.72Ba±0.29 4.33Ba±0.63 

Pulse Rate/minute 1 4.39Aa±0.39 6.61Ab±0.57 8.00Ac±0.61 
2 4.39Aa±0.25 4.00Ba±0.18 4.56Ba±0.42 

Rectal Temperature (o F) 1 1.23Aa±0.12 1.35Aa±0.09 1.47Aa±0.11 
2 0.30Ba±0.05 0.46Ba±0.04 0.35Ba±0.06 

Superscript a,b,c differ significantly in a row for individual parameter 
Superscript A, B, differ significantly between groups for individual parameter 

There was no variation in Dry Matter Intake 
(DMI) in group 1 and group 2 before thermal 
and exercise stress. During thermal exposure 
DMI of group 1 was lower than group 2. After 
removal of thermal and exercise stress, the 
DMI of group 1 and group 2 was also similar 
(Table 3). Earlier studies also reported that 
animals subjected to heat stress significantly 
reduce their DMI16,7. The decrease in feed 

intake under thermal stress might be due to the 
suppressive effect of nerve impulse at the 
hypothalamic appetite centre which is being 
transmitted from peripheral thermal receptors 
stimulated by thermal stress5. The decline in 
feed intake during heat stressed was reported 
in sheep17 and the decrease is attributed to one 
of the efforts to reduce heat load under thermal 
stress. 

Table 3 : Body weight gain, DMI and feed conversion efficiency of kids subjected to 
thermal and exercise stress 

Parameter Group 
Period (Days) 

0-20 21-42 43-63 0-63 
(Overall) 

Body Weight (Kg) 
1 14.67Aa 

±1.11 
16.25Ab 
±1.27 

18.83Ac 
±1.31 

22.17A 
±1.14 

2 14.58Aa 
±1.36 

16.17Ab 
±0.62 

19.00Ac 
±0.96 

22.25A 
±0.96 

DMI/day (g) 
1 707.62Aa 

±10.77 
710.64Aa 
±11.37 

790.12Ab 
±11.89 

736.12A 
±12.25 

2 720.84Aa 
±11.23 

744.78Bb 
±10.35 

795.02Ac 
±16.23 

752.55A 
±18.37 

Body weight gain 
(kg) 

1 1.58Aa 
±0.33 

2.58Ab 
±0.15 

3.33Ac 
±0.17 

7.50A 
±0.52 

2 1.58Aa 
±0.20 

2.83Ab 
±0.48 

3.25Ac 
±0.11 

7.67A 
±0.53 

Body weight 
gain/day (g) 

1 75.40Aa 
±5.57 

123.01Ab 
±7.32 

158.73Ac 
±7.94 

119.05A 
±8.34 

2 75.39Aa 
±7.52 

134.92Ab 
±7.32 

154.77Ac 
±5.32 

121.65A 
±7.42 

Body weight gain 
/kg feed intake (g) 

1 104.64Aa 
±11.23 

175.30Ab 
±13.72 

203.08Ac 
±11.67 

162.52A 
±8.74 

2 104.61Aa 
±12.34 

178.23Ab 
±16.98 

197.84Ac 
±15.18 

161.57A 
±12.66 

Superscript a,b,c differ significantly in a row for individual parameter 
Superscript A, B, differ significantly between groups for individual parameter 

The initial body weights of group 1 and group 
2 (14.67±1.11 and 14.58±1.36) were similar. 
The body weights increased significantly in 

both groups throughout the experimental 
period and the differences at the end of 
experiment were non -significant. The 
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variation in body weights between group 1 and 
group 2 at different periods of experiment was 
also non-significant. Body weight gain and 
feed conversion efficiency between group 1 
and group 2 were similar before exercise and 
thermal stress, slightly lower during stress 
period and again similar after removal of 
stresses and the variations were statistically 
non-significant. The effects of high ambient 
temperature on growth performance are 
induced by the decrease of anabolic activity 
and increase in tissue catabolism5. This 
decrease in anabolism is essentially caused by 
a decrease in voluntary feed intake of main 
nutrients. The decrease in feed intake of group 
1 during thermal exposure in this study might 
be due to decrease in roughage (berseem) 
intake. The results are in accordance to 
those18,4 who reported that reduction in feed 
intake is exacerbated as the roughage quantity 
increases in the diet. The little variation on 
body weight gain of kids due to physical 
exercise and thermal stress in this study might 
be due to adequate concentrate feeding as the 
animals were given 400 g of concentrate per 

kid per day. The level of cortisol was 
23.00±0.66 and 22.67±0.67, respectively, in 
group 1 and group 2 before exercise and 
thermal exposure. It increased significantly in 
group 1 after exposure at temperature 40, 42 
and 44oC and the levels were slightly higher 
but non significant at temperature 42 and 44oC  
compared to temperature 40oC. Between the 
groups cortisol level of group 1 was 
significantly higher than group 2 (Table 4). 
The modulating effect of hypothalamic-
pituitary-adrenal axis on the endocrine glands 
is essential for maintenance of thermal 
homeostasis24. The association between 
thermal stress and increased secretion of 
cortisol in ruminants is well documented. The 
increased concentration of cortisol in this study 
is corroborated by earlier workers who 
reported that cortisol increased under thermal 
stress in goat19,20, sheep21 and under physical 
stress of transportation22-24. Cortisol is 
produced by the adrenal cortex as a result of 
activation of the hypothalamic-pituitary-
adrenal-cortex and its levels increased during 
stressful situations. 

Table 4 :  Serum hormones concentration of kids subjected to thermal and exercise stress 

Parameter Group Before 
Exposure 

Exposure temperature  (oC) Overall 40 42 44 

Tri-
iodothyronine 
(T3, p mol) 

1 5.25Aa 
±0.28 

2.63Ab 
±0.27 

2.65Ab 
±0.31 

2.42Ab 
±0.20 

3.24A 
±0.25 

2 5.28Aa 
±0.28 

5.30Ba 
±0.18 

5.27Ba 
±0.20 

5.28Ba 
±0.21 

5.28B 
±0.35 

Thyroxine 
(T4, p mol,) 

1 26.00Aa 
±0.91 

15.33Ab 
±0.44 

14.58Ab 
±0.57 

14.33Ab 
±0.38 

17.56A 
±0.75 

2 27.00Aa 
±0.82 

27.25Ba 
±0.69 

26.92Ba 
±0.99 

27.08Ba 
±0.93 

27.06B 
±1.06 

Cortisol 
(n mol) 

1 23.00Aa 
±0.66 

61.20Ab 
±2.03 

64.00Ab 
±2.28 

64.00Ab 
±1.58 

53.05A 
±1.89 

2 22.67Aa 
±0.67 

22.83Ba 
±0.88 

21.75Ba 
±0.67 

21.83Ba 
±0.61 

22.17B 
±1.34 

Superscript a,b,c differ significantly in a row for individual parameter 
Superscript A, B, differ significantly between groups for individual parameter 
Thyroxine (T4) and tri-idothyronine (T3) 
concentrations were similar in group 1 and 
group 2 before thermal and exercise stress. The 
levels of T3 and T4 decreased significantly at 
exposure temperature 40, 42 and 44oC in group 
1. Between the groups the levels were 
significantly lower in group 1 compared to 
group 2 (Table 4). Thyroid gland is highly 

sensitive to the ambient heat variation25 and 
the reduction in thyroid hormone levels during 
thermal stress is an adaptive response and also 
an attempt to reduce metabolic heat 
production9. The decreased T3 and T4 levels in 
this study are in agreement with that of20 who 
also reported significantly lower T3 and T4 
levels in goats exposed to thermal stress. The 
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decrease in the levels of thyroid hormone 
might also be due to production of free radical 
hydrogen peroxide since H2O2 serves as a 
substrate for thyroperoxidase enzyme which 
catalyses the synthesis of thyroid hormone26-29. 

CONCLUSION 
Physiological responses and hormonal 
concentrations differed significantly but little 
variation occurred in the average daily gain 
and body weight losses in kids during thermal 
and exercise stresses indicating that productive 
loss can be negated and minimised by proper 
and adequate nutrient supply during stress 
period period. 
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