Journal of Animal Health and Production

@ CrossMark

Evaluation of Environmental Heat Stress on Physical and Hormonal
Parameters in Murrah Buffalo

Research Article

BirenDrRA Kumar?, Ajit KumMAR SAHOO?, PRADEEP KuMAR Ray!, P C CHANDRAN!, SUBHASH
TArRAPHDER?, ANANTA KUMAR DAs?, SUBHASIS BATABYAL?, SHANKER DAYALY

"ICAR Research Complex for Eastern Region, Patna-800014; > West Bengal Animal and Fishery Science University,
Belgachia, Kolkata, India.

Abstract | Buffaloes have poor heat tolerance capacity compared to other domestic ruminants and are more prone
to heat stress due to scarcely distributed sweat glands, dark body color and sparse hair on the body surface. Thermal
environment is a major factor that can affect milk production and reproduction in buffalo especially animals of
high genetic merit. Therefore present study was undertaken to study the effect of seasonal stress on Murrah buffalo.
Thirty healthy non-lactating Murrah buffaloes each around two years of age were selected for the experiment. Rectal
temperature, respiration rate, heart rate and various hormones level were measured in different season to know the
effect of heat stress in buffalo. Season had no significant effect on rectal temperature, triiodothyronine (T3) and
thyroxine (T4) level. However, it had significant effect on respiration rate(P<0.05), heart rate(P<0.01) and cortisol level
(P<0.05) in Murrah buffalo. They had lowest level of respiration rate, heart rate and cortisol level in winter season and
highest level in summer. This indicates stressful condition of animal in summer.
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INTRODUCTION

B ihar is an agrarian state which has predominantly sub-
tropical climatic region. It experiences fairly low tem-
peratures in winters and high temperatures in summers.
Since these climatic conditions leads to discomfort and
stress in livestock population, their productivity is reduced.
The livestock becomes incapable to achieve their genet-
ic potential and therefore exhibits poor reproductive and
productive performances (Kumar VS et al., 2018). Heat
stress occurs in animal when there is an imbalance be-
tween heat production within the body and its dissipation.
Considerable variation exists for heat tolerance between
individual species/breeds and even between individu-
al within a species/breeds. Akari et al. (1984) found that
body temperature of dairy cattle shows susceptibility to
hot weather, therefore it can be used as sensitive indicator
of heat stress. Mcdowell et al. (1976) also suggested that

temperature humidity index (THI) could be used as in-
dicator of thermal climatic condition. THI value of 72 is
considered comfortable, 72-78 stressful and values greater
than 78 causes extreme distress in lactating animal being
animal unable to maintain normal body temperature. A
rise of 1°C or less in rectal temperature is enough to reduce
performances in most livestock species (McDowell et al.,
1976). Respiration rate is increased when the environmen-
tal temperature increases. An evaporative heat loss from
respiratory tract is regarded as one of the primary mecha-
nism of heat balance. A high respiration rate in most cases
did not necessarily indicate that the animal is successful in
keeping its body temperature constant but rather indicat-
ed that it is already overheated and trying to restore nor-
mal heat balance. Lemerle and Goddard (1986) reported
that, although rectal temperature increases only when THI
was greater than 80, the respiration rate would begin to
increase above a THI value of about 73 and would prob-
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ably increase steeply at THI values 80. This finding sug-
gests that homeostatic mechanisms, including increased
respiration, can prevent a rise in rectal temperature until
the THI reaches 80.The general homeostatic responses to
thermal stress in mammals include reduction in fecal and
urinary water losses, reduction in feed intake and produc-
tion, and increased sweating, as well as initial increases in
respiratory rates and heart rates, which would slow down
if heat stress persists. In response to stress, the dairy cow
sets physical, biochemical, and physiological processes into
play to try and counteract the negative effects of heat stress
and maintain thermal equilibrium.Heat stress activates the
hypothalamo-pituitary-adrenal cortical axis (HPA) and
sympatho-adrenal medullary axis. This leads to increase in
plasma concentration of cortisol in heat stressed animals
(Minton, 1994). Magdub et al. (1982) reported that heat
stress leads to decreased concentrations of triiodothyro-
nine (T3) and thyroxine (T4) in plasma and in milk of
lactating cows. Chaudhary et al. (2015) also reported sig-
nificant decrease in T3 level with increase in THI value in
Surti buffalo. However, a significant increase in T3 but not
in T4 level was observed during heat stress in crossbred
cattle (Singh et al., 1984). Buffaloes have poor heat toler-
ance capacity compared to other domestic ruminants and
are more prone to heat stress due to scarcely distributed
sweat glands, dark body color and sparse hair on the body
surface. Thermal environment is a major factor that can af-
tect milk production and reproduction in buftalo especially
animals of high genetic merit. Therefore present study was
undertaken to evaluate the environmental heat stress on
physical and hormonal parameters.

MATERIALS AND METHODS

EXPERIMENTAL ANIMAL

Thirty non lactating Murrah Buffalo of about 2 yr. age was
selected from the herd maintained at institute’s farm. The
animals were maintained at standard manage mental con-
dition with ad/ibitum access to feed and water.

CLIMATIC MEASUREMENTS

Minimum and maximum temperature, dry bulb and wet
bulb temperature was measured daily at buffalo shed. Tem-
perature humidity index (THI) was calculated as per Mec-
dowell et al. (1976). Experiment period was divided into 3
seasons, viz. spring (Mid February to Mid May), summer
(Mid May to Mid August) and winter (mid November to
mid February).

MEASUREMENT OF  REcCTAL  TEMPERATURE,
RESPIRATION RATE AND HEART RATE:

Rectal temperature was measured with the help of simple
mercury thermometers daily both in the morning at 7 AM
and evening at 4 PM for all the animals included in the

study. Respiration was also measured daily by silently ob-
serving the movement of the thoracoabdominal region for
each animal included in the study. Heart rate is measured
by observing pulse from coccygeal artery.

CoLLECTION OF BLOOD SAMPLE

Blood sample were collected from each experimental an-
imal in three different seasons namely winter, spring and
summer at 15 days interval. 1-2 ml of blood was collected
from the jugular vein of each animal in a sterile polypro-
pylene vials without adding anticoagulant for the isolation
of serum /plasma for the evaluation of hormonal profile.

MEASUREMENT OF HORMONAL PARAMETERS
Cortisol, triiodothyronine (T3) and thyroxine (T4) level in
each season was measured by using ELISA kit (Monobind,

USA) using manufacturer’s protocol.

STATISTICAL ANALYSIS OF DATA
Data was computed and analyzed statistically according to

methods of Snedecor and Cochran, (1994).

RESULT'S AND DISCUSSION

The ambient temperature and Thermo humidity index
(THI) prevailing during the experimental period is pre-
sented in Table 1. THI was found to be highest in summer
and lowest in winter. The Livestock Weather Safety Index
(LCI 1970) is commonly used as benchmark to assign heat
stress levels to normal, alert, danger and emergency cate-
gories. In this index, THI<74 is classified as normal, 75-78
as alert and 79-83 as danger and THI>84 as emergency.
Therefore based on this index buffaloes reared in summer
falls under emergency category indicating stressful condi-
tion of the animal.

Table 1: Environmental parameters prevailing during the
experiment.

Season  Maximum Minimum  Temperature
Temperature Temperature Humidity Index
Spring 30.37+2.36 23.65+3.46 68.56+6.94
Summer 39.17+2.38 28.82+1.32 84.74+7.32
Winter  22.81+1.42 10.24+1.57  53.86+4.38

Errect oN RECTAL TEMPERATURE, RESPIRATION
RATE AND PULSE RATE

Rectal temperature, respiration rate and pulse rate meas-
ured during experimental period are presented in Table 2.
Seasons had non significant effect on both morning and
evening rectal temperature. However, both morning and
evening rectal temperature was highest in summer and
lowest in winter. Bhat et al. (2016) reported significant
increase in both morning and evening rectal temperature
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in summer in Tharparkar cattle. Singh et al. (2014) also
reported significant effect of season on rectal temperature

in Murrah buffalo.

Table 2: Effect of season on rectal temperature, respiration
rate and pulse rate of Murrah buffalo.

Season Rectal Temperature Respiration Pulse
Morning Evening rate” Rate™
Spring 99.83+x  100.15+ 13.25% 63.79+
0.07 0.17 0.46 1.03
Summer 101.1+ 101.18+ 18.97+ 69.98+
0.03 0.02 0.59¢ 0.81°
Winter 99.13+  99.37+  10.91= 58.52+
0.04 0.08 0.50* 2.21°

*Different superscripts indicate significance at 5% level
*Different superscripts indicate significance at 1% level

Season had significant effect (P<0.05) on respiration
rate. Respiration rate was found to be highest in summer
(18.97+0.59) and lowest in winter (10.91+0.50). Increased
respiration rate is the first reaction when animals are ex-
posed to environmental temperature above thermoneutral
zone. Das et al. (1999) also observed an increase in respi-
ration rate in June in Murrah buffalo claves when exposed
to direct sunlight for 6 hr. Bhat et al. (2016) also reported
significant increase in respiration rate in summer in Thar-
parkar cattle.

Season had significant effect (P<0.01) on heart rate. Heart
rate was found to be highest in summer (69.98+0.81) and
lowest in winter (58.52+2.21). Singh et al. (2014) also re-
ported significant effect of season on heart rate in Murrah
buffalo. However, they reported highest heart rate in win-
ter (73.43+4.21) and lowest in summer (67.65+2.8).

EFrFECT OF SEASON ON HORMONAL ASSAY

Effect of seasonal stress was measured on cortisol, T3 and
T4 levels and data were presented in Table 3.There was
seasonal variation in T3 and T4 level. But this variation
was statistically non significant. Level of T3 and T4 was
higher in winter than the summer. Magdub et al. (1982)
also reported similar result and observed that during heat
stress, T3 and T4 levels in plasma and milk decreases.
Chaudhary et al. (2015) also reported significant decrease
in T3 level with increase in THI value. However, Singh et
al. (1984) reported a significant increase in T3 but in T4
level during heat stress in crossbred cattle.

We observed significant effect (P<0.05) of season on
Murrah buffalo. Our study revealed much higher level
of cortisol in summer (6.54+0.67 ng/ml) than the spring
(4.43+1.68 ng/ml) and winter (4.03+1.08 ng/ml). This
may be due to heat stress in summer activates the hypo-
thalmo-pitutary-adrenal cortical axis (HPA) and sympa-

tho-adrenal medullary axis (Minton, 1994). This increases
the plasma concentration of cortisol and corticosterone.
Higher concentration of cortisol level during heat stress

was also reported by Comin et al. (2011).

In brief, these results demonstrated the significant effect of
season on Murrah buffaloes. Summer season has a stressful
effect on animals’ physiological and hormonal parameters
that may be overcome through well managed farming sys-
tems.

Table 3: Effect of season on hormone profile of Murrah

buffalo.
Parameter Spring Summer Winter
Cortisol (ng/ml)* 4.43+1.68" 6.54+0.67*  4.03+1.08
T3 (ng/ml) 2.15+0.58  1.92x0.20  2.72+0.84
T4 (ng/ml) 32.86x1.07 32.25£1.10  35.39+1.07

“Different superscripts indicate significance at 5% level
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