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Abstract: The aim of the present study was to investigate the
effect of sprinkler with ceiling fans on the growth performance,
physiological responses and behaviour of Murrah buffalo calves.
For this study, a total of twelve Murrah buffalo female calves
were selected based on the age and body weight and allocated
to two treatments (n=6 each). In the first treatment (T1), the calves
were provided with sprinkler with fan. While, in second treatment
called control (T0), the calves were not provided with any cooling
system. The average daily gain was greater in T1 than T0 calves
on week (w) 3 (P=0.01), w 4 (P=0.03), w 5 (P=0.04), w 6 (P=0.02), w
7 (P=0.01) and w 8 (P=0.05). While it was similar between the
calves of two groups on the w 1 (P= 0.32), w 2 (P=0.31), w 9
(P=0.16), w 10 (P=0.19), w 11 (P=0.12), w 12 (P=0.1).The overall
eye temperature was significantly (P<0.05) higher in control group
(37.42±0.04 ºC) than treatment group (36.42±0.13 ºC) calves. The
overall muzzle (P=0.01) and skin temperature (P=0.001) was also
significantly higher in control calves as compared to treatment
calves. The average respiration rate was lower (P<0.05) in T1
(22.83±0.18 breaths/min) than in T0 (30.83±0.12 breaths/min)
calves. Similarly, overall pulse rate was also lower (P<0.05) in T1
(38.36±0.11 No./min) as compared to T0 (60.19±0.13 No./min)
calves. The average time spent on eating, ruminating and resting
was significantly greater in T1 than in T0 calves. In conclusion,
the provision of sprinkler with fan reduces physiological
response along with body temperatures. Consequently, it
improved the growth performance and helped in normal
behavioural expression of the buffalo calves.
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Introduction

The domestic riverine buffaloes (Bubalus bubalis) are the main
dairy animals in India. Where, the performance of these animals
is a great challenge due to high ambient temperature especially
in summer months (Bah et al. 2021). Further,buffaloes are relatively
more sensitive to solar radiation due to dark coat colour,
comparatively lesser density of sweat gland and dense epidermis
(Marai and Habeeb 2010).The exposure of buffaloes to the hot
conditions strongly affects their bioenergetics, with adverse
effects on the dry matter intake (9–13%), growth rate, metabolism
of water, protein, energy and mineral balances (Kumar et al. 2018).
These series of changes cause impairment of reproduction and
productive performances (21% reduction in milk production) in
buffaloes (Das et al. 2014). Further, young calves of buffaloes are
reported to be more vulnerable leading to lower feed intake,
decreased feed utilization efficiency which results in poor growth
rate and lower life time productivity (Adin et al. 2009). Therefore,
in order to combat thermal stress, for survivability and to abate
heat load, these animals wallow in water ponds (Napolitano et al.
2013). Since, traditions at small buffalo farms in India and Pakistan,
farmers splash the water on the buffalo body during late morning,
afternoon and in early evening hours in order to reduce the effect
of thermal stress (Bah et al. 2022). Moreover, buffaloes wallow in
the community ponds at village level after grazing but over time,
reduction in wallowing ponds in villages have led to limited or no
access to water for wallowing (Bah et al. 2021). Further, traditional
buffalo production system is shifting to intensive buffalo
production system where water splashing to individual animal is
not possible. Moreover, there has been an emphasis on reducing
water use on cooling dairy animals with nominal effect on
productivity and welfare (Tresoldi et al. 2018; Bah et al. 2021).
So, in order to ameliorate thermal stress in buffaloes and to reduce
water consumption for cooling various managemental methods
viz., sprinkling (Khongdee et al. 2011), showering, fanning, forced
ventilation, foggers and misters have been tried with varied
success. Similarly, Anderson et al. (2013) and Tresoldi et al. (2018)
had reported that the most common method of cooling in dairy
cows during summer is sprinklers/soakers or misters. Earlier
various studies on the buffaloes also shown that the provision

https://doi.org/10.33785/IJDS.2023.v76i01.011



Indian J Dairy Sci 76(1): 78-83

79

of sprinklers dropped respiration rate and body temperature, and
improved dry matter intake and milk yield as compared to non-
cooled buffaloes during summer (Aggarwal et al. 2008; Yadav et
al. 2016; Ahmad et al. 2019). Furthermore, evaporative cooling
through foggers, sprinklers and fans has turn out to be a common
practice to improve milk production (Avendano-Reyes et al. 2006),
feed utilization and to decrease rectal temperature, pulse rate and
respiration rate (Rahangdale et al. 2012) in dairy animals as a tool
to combat heat stress during hot environment. However, to our
best knowledge there is no available information on the effect of
cooling system on growth performance and physiological variable
of the buffalo calves.

Further, Rajasthan state in India have different environmental
condition with highest temperature may reaches to 49 ºC during
summer months, however, humidity ranges 45% to 47%. The
state is having very low rainfall (32.7 to 64.9 cm). In Jaipur,
temperature may reaches to 35 ºC during September and October
months.  While, the thermoneutral zone and comfort zone for the
buffaloes is 15o to 25oC, leading to higher thermal stress, poor
milk production and reproductive efficiency. Considering all this
information, we hypothesized that use of sprinkler with fan may
reduce the physiological responses and improve the growth rate
of buffalo calves. Therefore, the aim of the present study was to
investigate the effect of sprinkler with fan on the growth
performance, physiological responses and behaviour of Murrah
buffalo calves in hot summer in Rajasthan region of India.

Materials and Methods

The Institutional Animal Ethics Committee (IAEC, Registration
No. PGIVER/IAEC/2022-16) approved this study, which was
conducted following IAEC established standards as per Article
Number 13 of the committee for the Control and Supervision of
Experiments on Animals (CPCSEA) policies of the Government
of India. The present study was conducted at the farm of Post
Graduate Institute of Veterinary Education & Research (PGIVER),
Jaipur, Rajasthan, India (longitude=75°522 15.062 2 E, latitude=
26°532 34.662 2 N and altitude= 431 m above the mean sea level).
The summer in Jaipur, Rajasthan, India is very hot while winters
are extremely cold. The maximum temperatures hover at 40 °C to
47 °C in May and June Months. Heat wave prevails for a few
days in the season, when day temperature rises to 4-6 ° C above
normal. The winter minimum temperatures remain about 4-9 °C
and fall below zero degrees. The experiment began in 01 August
2021 and ended in 31 October 2021. During this period, temperature
may reaches to 35 °C in Jaipur.

Experimental design

 For this study, a total of twelve Murrah buffalo female calves
were selected based on the age (4 to 12 month) and body weight
(106.33±14.72) and allocated to two treatments (n=6 each). In the
first treatment (T1), the calves were provided with sprinkler with

fan. The six sprinklers and two ceiling fans (8 feet height at 7 feet
distance) were fitted at the height of 2.10 m from the ground
level. The sprinkler with fan cooling system was operated at 11
am to 4 pm with gap of 5 minutes. While, in second treatment
called control (T0), the calves were not provided with any cooling
system.

Housing and feeding of calves

The experimental calves of both treatments groups were allocated
to a loose housing system with a covered shed and an adjoining
open paddock with a total floor space of 3 m2 per calf and a
shared feeder through a fence line feed barrier, and a shared
drinker. The allocation of floor space and feeding space was
consistent with the standards of the Bureau of Indian Standards
for buffaloes in loose housing systems (BIS: 1223-1987). The
floors of the calves’ enclosures were made of concrete, with
grooves under the covered and open area. The roof was flat type
with average height of 2.65m from the ground.

Calves were offered concentrate at 1 % of their body weight, and
ad libitum chopped green and dry fodders. Clean and fresh water
with salt lick was offered ad libitum. Calf concentrate was
composed of maize 35%, wheat bran 20%, gram 10%, Groundnut
cake 32%, mineral mixture 2%, and common salt 1%.

Body weight and average daily gain

The body weight of the experimental calves was recorded on
weekly (w) basis until the end of the experiment. Weights of all
calves were recorded in the morning between 6:00 a.m. and 6:30
a.m., before feeding and watering, using an electronic weighing
machine with a precision of 500g. The average daily gain (ADG)
was calculated in grams as (Final body weight-Initial body
weight)/ weekly intervals and expressed in gm/day.

Physiological parameters

Physiological parameters viz., rectal temperature (RT), muzzle
temperature (MT), eye temperature (ET), skin temperature (ST),
pulse rate (PR) and respiration rate (RR) were recorded on daily
basis at 3:00 PM and the average of these recorded values are
presented in weeks. The eye, muzzle and skin temperature were
taken by using digital thermometer at the distance of one meter
from the calves. The RT (°C) was measured from rectum with the
help of digital thermometers. The PR (beats per min) was taken
from the coccygeal artery. The RR (times per min) was recorded
from the distance without disturbing the animals observing the
flank movement. The RR was recorded first followed by PR and
RT for getting actual observation.

Recording of behaviour of calves

Behaviors parameters of calves were observed by using CCTV
(CP Plus) video cameras installed to record the activity of animals
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for 24 hours per day. The CCTV cameras were installed in such a
way as to have a complete view of animals inside the covered
area as well as in open area. The camera had 8x digital zoom for
closer viewing. The cameras were enabled with array infrared
technology for best night vision. Cameras were installed at
different places and different angles in the experimental shed so
that whole shed can be covered in viewing angle. The images
and video were stored in 16 channel digital video recorder (DVR)
having hard disk of 4 TB space. All the parameters were recorded
in hours: minutes format initially which were later changed to
hours according to needs of parameters.

Statistical analysis

The Body weight, ADG and various physiological parameters,
time spent on eating, rumination, resting and standing were
compared using a mixed model (IBM SPSS Statistic 22.0 computer
software). Treatment, time, and their interaction were included as
fixed effects, and the individual calves were included as random
effects. Differences were considered statistically significant when
P dH 0.05. Results are presented as LS means ± SEM.

Results and Discussion

Growth performance

Body weight and average daily gain

There were non-significant effects of group and their interaction
(P=0.822), while there was significant effect of time on the calves’
body weight (P=0.001). The average body weight of the calves
did not differ between the two groups on all the sampling weeks
(P=0.979, 0.955, 0.933, 0.903, 0.884, 0.854, 0.882, 0.798, 0.782, 0.766,
0.749, 0.735, 0.719, respectively) (Fig 1 A). There was an effect of
time (p <0.01), group (p <0.01), and an interaction between group
and time (p <0.01) on the calves ADG. The average daily gain
was greater in T1 than T0 calves on w 3 (P=0.01), w 4 (P=0.03), w
5 (P=0.04), w 6 (P=0.02), w 7 (P=0.01) and w 8 (P=0.05). While it
was similar between the calves of two groups on the w 1 (P=
0.32), w 2 (P=0.31), w 9 (P=0.16), w 10 (P=0.19), w 11 (P=0.12), w 12
(P=0.1) (Fig 1 B). The results of this study support the initial
hypothesis that provision of sprinkler along with ceiling fans

was effective in reducing the thermal stress and in improving the
growth performance of the buffalo calves. The core body
temperature of animals rises primarily because of reduced heat
loss due to the dropping of thermal gradient between the skin
surface and environment. So, an ideal thermal gradient between
the animal body and the surrounding environment is essential
for the effective dissipation of heat energy. Once ambient
temperature rises well beyond the upper critical limit,
thermoregulation is incapable to avoid an elevation of core body
temperature. However, in this study, animals remained under
sprinkler with ceiling fans, therefore, probably had a lower body
temperature. The results of the present study on ADG are
reinforced by previous studies which revealed the positive impact
of sprinkler with fan (Vijayakumar et al. 2009), four times washing
(Das et al. 2011), fan-cum-mist cooling (Singh et al. 2014) and
modified roofing (Khongdee, 2016), on weight gain in buffaloes.
A higher ADG in T1 group of calves may be due to improved feed
intake as a result of better cooling through provision of sprinkler
along with ceiling fans. In Addition, efficient utilization of feed
under calm micro-environments might have triggered in more
weight gain in cooled calves. The lower average daily weight
gain in control calves indicated higher tissue catabolism and
reduced anabolic activity due to extra energy requirements to
dissipate excess body heat (West, 2003) in order to sustain
homeothermy in heat-stressed animals.

Body temperature

The overall rectal temperature was slightly higher in control group
of (101.94±0.13 ºF) calves as compared to treatment calves
(101.19±0.11 ºF), although the difference was not statistically
significant (P=0.19).The overall eye temperature was significantly
(P<0.05) higher in control group (37.42±0.04 ºC) than treatment
group (36.42±0.13 ºC) calves. Similarly, the overall muzzle (P=0.01)
and skin temperature (P=0.001) (Table 1) was also significantly
higher in control as compared to treatment calves.

Rectal temperature was lower in the calves of the treatment group
than in the control group. Owning to dark skin color, sparse hair
coat and very few sweat glands, buffaloes absorb a profound
quantity of solar radiation and are considered more susceptible
to heat stress (Kishore et al. 2016; Kapila et al. 2016; Lakhani et

Parameter Control (To) Treatment (T1)
Body temperature
Overall RT (ºF) 101.94±0.13 101.19±0.11
Overall ST (ºC) 36.75±0.06b 33.64±0.10a

Overall MT (ºC) 36.59±0.02b 36.22±0.01a

Overall ET (ºC) 37.42±0.04b 36.42±0.13a

Physiological parameters
Respiration rate (breaths/min) 30.83±0.12b 22.83±0.18a

Pulse rate (beats/min) 60.19±0.13b 38.36±0.11a

Table 1 Mean± SEM of overall average body temperature and physiological parameters of two different groups of calvesData are
presented as LS means ± SEM. a, b indicates differences between the mean values of different groups.
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al. 2018; Prasad et al. 2020). The provision of sprinkler with fan
results in evaporative cooling in the treatment calves of the present
study, which results in lower environmental temperature and
consequently body temperature of the calves (Avendaño-Reyes
et al. 2006; Ambulkar et al. 2011). Further, higher eye temperature
in control groups may be because of dilation of ocular blood
vessels and increased visual alertness in response to stress
(Stewart et al. 2007). It is probably because the eyes have rich
capillary beds that are innervated with sympathetic and
responsible for changes in the eye blood flow and further rhythmic
changes in eye temperature (Uddin et al. 2019; Prasad et al. 2020).

Basically, skin temperature rises with increase in solar radiation
(Das et. al. 1999). In our study, lower skin temperature in T1
groups is due the fact of lower environmental temperature due to
provision of time bound sprinklers with ceiling fans, which have
cooled the animals through conduction process (Ahmad et
al.2017). The present study results are in general agreement with
the previous finding of Singh et al. (2005) on Nili-Ravi buffalo;

Das et al. (2011) on Nili-Ravi calves and Singh et al. (2014) on
Murrah buffalo, who had reported significant decrease in skin
temperature when buffaloes were subjected to water splashing
during hot summer.

Physiological parameter

The average respiration rate was lower (P<0.05) in T1 (22.83±0.18
breaths/min) than in T0 (30.83±0.12 breaths/min) calves (Table
1). Similarly, overall pulse rate was also lower (P<0.05) in T1
(38.36±0.11 beats/min) as compared to T0 (60.19±0.13 beats/min)
calves (Table 2). All through hot and humid climatic conditions,
the environmental temperature is generally higher than the body
temperature of calves, and they cannot release additional body
heat to the environment. Therefore, in order to release extra body
heat, animals evaporate heat from the body through increased
respiration rate. Therefore, the provision of sprinkler with fan in
the treatment group of present study have prevented in rising of
environmental temperature in surrounding of the calves. On the
similar line, Seerapu et al. (2015) had reported lower respiration
rate among the animals provided with foggers and foggers plus
fans during the summer season than the animals of the control
group. Moreover, Singh et al. (2014) in Murrah buffalo calves
reported significant decreased in respiration rate when these
animals were subjected to water splashing during hot summer
season.

Further, provisions of sprinkler with ceiling fan have resulted in
higher pulse rate in the control group. This is possibly because
of higher environmental temperature, heat stress, stimulate
hypothalamic-pituitary-adrenal axis to secrete adrenaline and
cortisol. This higher adrenaline hormone constricts blood vessels
resulting in higher blood flow within the blood vessels. Similarly,
present study results are in support with the findings of Ganaie
et al. (2013) and Das et al. (2014) who had reported lower pulse
rate in the treatment group having provision of fogger with fans.

Behaviour of calves

Time spent on eating, rumination, resting

The data pertaining to average time spent on eating, rumination
and resting by calves are graphically depicted in fig 2 A, B, C.
The average time spent on eating (373.09±5.64min/d vs
338.48±4.22min/d), rumination (520.73±6.98 min/d vs
504.36±6.18min/d) and resting (778.62±5.58 min/d vs
683.83±6.19min/d) was significantly greater (P<0.05) in T1 than
T0 calves, respectively. The time spent on eating and rumination
was higher in calves which were having provision of sprinkler
with fans (treatment group). It has been reported earlier that the
season can be a critical factor in altering the feeding behaviour
of calves (Grant and Albright 2001). Further, any temperature
higher than their thermo-neutral zone reduces the voluntary feed
intake of animals (Hooda et al. 2010). Likewise, Magrin et al.
(2017) stated that young bulls exposed toeH74 temperature-

Fig 1: (A) Average body weight (kg/d) and (B) average daily
gain (kg/day)of Murrah buffalo calves had provision of sprinkler
with fan (  ; T1), no sprinkler with fan group ( Ï% ; T0). Data are
presented as LS means ± SEM. Different letters indicate
differences between the mean values of the groups at that time

point (p<0.05).
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humidity index (THI) decreases their time spent on eating and
ruminating compared to their counter parts under optimum THI
conditions, however the provision of ceiling fans augmented
time spent on rumination and exploring activities in young calves.
The calves in our study under control group spent less time for
eating and ruminating, possibly in an effort to decline metabolic
heat and to maintain their core body temperature (Nardone et al.
2010). The time spent on resting was significantly (P<0.05) lower
in the calves of the control group compared to the treatment

group. The lower time spent on resting among calves housed
in the control shed might be due to concrete flooring and also
the animals might have spent most of their time standing for
heat dissipation as the body surface area exposed to air is more
when they keep standing. The evaporation from the body
surface increases by standing in calves or there may be a chance
of sun-heated floor, which might have decreased the resting
time in the present study (Kamal et al. 2018). Further, the
increased standing time is the most common behavioural
change observed in animals under heat stress (Widowski 2001).
Tucker et al. (2008) observed 10% increase in standing time
when heat load increased by 15% in dairy cattle, might be due
to increased heat loss by exposing the more amount of skin to
airflow.

Conclusions

The provision of sprinkler with fan reduces physiological
response along with body temperatures. Consequently, it
improved the growth performance and helped in normal
behavioural expression of the buffalo calves.
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