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Abstract | Heat stress constitutes a significant threat to dairy cattle welfare and productivity in semi-arid and tropical
climates. The present research aimed to assess the efficacy of two field-based management measures evaporative cooling
and nutritional supplementation on the physiological, behavioural, and productive responses of lactating crossbred
cows during the summer peak months. Fifteen cows were randomly divided into three treatment groups: No treatment
(control), cooling only (fan with and without the mist system), and cooling combined with nutritional treatment
(antioxidants and electrolytes). Compared with the two other groups, the combined-intervention group presented with
significantly lower rectal temperatures, respiration rates, and heart rates, but also showed increased yield, food intake,
and improved behaviours related to comfort. The results validate that a combined strategy involving low-cost cooling
infrastructure and affordable dietary supplements can improve heat stress tolerance in dairy cows under actual farm
conditions, providing a feasible solution for small to medium-scale farmers in heat-prone areas.
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INTRODUCTION

eat stress is a significant environmental challenge

facing the global dairy industry, particularly in the
tropics and subtropics, where high ambient temperatures
and humidity are the norm. Dairy cows, particularly high-
yielding breeds such as Holstein-Friesians, are susceptible
to high thermal loads due to their high metabolic rates and
limited capacity to dissipate heat effectively (Becker and
Stone, 2020). When the ambient temperature exceeds the
thermoneutral zone of the animal, physiological processes
such as enhanced respiration rate, panting, decreased

feed intake (Becker, 2021), and modified blood flow are
initiated to achieve homeostasis (Bishop-Williams ez
al., 2015). These compensatory mechanisms typically
result in significant reductions in milk yield, reproductive
performance (Brown-Brandl, 2018), and overall animal
well-being, which have substantial economic implications
for dairy farmers (Conte e7 a/., 2018).

Recent climatic evaluations indicate a growing incidence
and severity of heatwaves due to global climate change.
Therefore, the potential for heat stress-induced losses
in livestock production, particularly in dairy cattle, has
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become a focus of expanding research in veterinary and
animal sciences (Das ¢ a4/, 2016). In rapidly growing
dairy economies and hot summer climates, such as those
in India, Brazil, and parts of the Middle East, the adverse
effects of heat stress are becoming increasingly apparent
(Dash ez al., 2016). Besides compromised productivity,
heat-stressed animals are also at greater risk for metabolic
disorders, mastitis,and lameness, adding further complexity
to animal health management in dairy operations (De
Rensis ez al., 2015). Hence, the management of and
imparting knowledge about effective preventive measures
against heat stress is critical in supporting animal well-
being, productivity (Fabris ez /., 2019), and the economic
efficiency of dairy production.

While traditional approaches, such as providing shade
and ventilation, have been practised for a long time, their
success depends on weather conditions and the size of
the herd (Fodor ez a/, 2018). Breakthroughs in farm
technology and an enhanced understanding of the animal’s
physiology have led to new methods for better managing
heat stress (Fournel ez a/., 2017). Current interventions
also include mechanical cooling systems, locally adapted
house designs, precision environmental monitoring devices
(Galan ez al., 2018), and nutritional adjustments that help
the cow increase its internal heat-regulation mechanism.
However, even with these advances, their field adoption and
biological performance are highly variable as a function of
local climatic regimes, herd genetic makeup, and farming
practice (Gupta ez a/., 2022). There is an urgent need for
site-specific field research that compares and measures the
effectiveness of different mitigation options under actual
farm conditions, providing data-based recommendations.

MATERIALS AND METHODS

STUDY AREA AND CLIMATIC PROFILE

The current study was conducted from May to August
2024, which coincides with the peak summer months, on
a small commercial dairy farm located within the semi-
arid region of India., and the region witnesses high diurnal
temperatures between 36°C to 46°C (Herbut ez a/., 2018),
while the relative humidity during the period varies from

25% to 55%.

A digital automated weather station (AWS) was installed
on the premises of the shed to measure environmental
parameters continuously. Ambient temperature and
relative humidity measurements were recorded hourly and
used to calculate the Temperature-Humidity Index (THI),
a measure of thermal stress. The THI was calculated using
the following standard formula:

THI= (1.8 X T +32) — [(0.55— 0.0055 X RH) % (1.8 X T — 26)]

Where T'is the dry bulb temperature (°C) and RH is the
relative humidity (%). The average daily THI values were
recorded to classify the heat stress level in the environment
during the experiment.

The intensity of heat stress was measured using the
Temperature-Humidity Index (THI), which was
computed daily from meteorological readings taken from
an on-site automated weather station (Herbut ¢z 4/, 2021).
The index was used to measure the thermal burden on the
animals throughout the trial period. The THI values were
averaged weekly to track changes in environmental stress
levels throughout the six-week study (Johnson, 2018).
The Figure 1 shows the variation in weekly THI values,
which aid in determining whether the animals experienced
comfortable, mild, or hot heat stress conditions at various
stages of the trial.
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Figure 1: Average weekly THI values during the
experimental period (May—August 2024).

The THI values remained well above the critical value of
72 throughout the experiment. Week 1 had a THI of 79,
which increased slowly to a high of 85 in Week 4 before
declining to 82 by Week 6. These values confirm continuous
exposure to moderate to severe heat stress conditions,
particularly Weeks 3-5. The repeated exposure of animals
to elevated THI levels justifies the study’s applicability and
guarantees that mitigation measures were subjected to real
stress conditions.

EXPERIMENTAL DESIGN AND ANIMAL SELECTION

'The research was conducted on a sample size of 15 crossbred
Holstein-Friesian lactating cows, allowing for proper and
concentrated observation at the field level (Kim ez a/,
2022). Animals were chosen due to homogeneity in parity
(27 lactation), middle stage of lactation (90-120 DIM),
and BCS (BCS of 3.0-3.5).

The cows were randomly assigned to three treatment
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groups (n = 5 per group) to assess the impact of different

heat stress mitigation strategies:

*  Group I (Control): Cows received no intervention and
were maintained under standard farm conditions.

*  Group II (Cooling Only): Cows were housed under a
cooling setup equipped with fans and misting nozzles,
which were activated intermittently during peak heat
hours.

* Group III (Cooling + Nutritional Support): In
addition to the cooling setup used in Group II, these
cows were supplemented with antioxidants (Vitamin
E: 1,000 IU/day) and electrolytes (Na-K blend: 50 g/
day) through top-dressed feed.

All animals were kept in the same open-sided sheds with
sloping asbestos roofing. The bedding space was kept dry
with sand, and fly control measures were consistently
adopted across all groups (Krishnan ez a/., 2017). Cows
were provided with a routine total mixed ration (TMR)
prepared according to National Research Council (NRC)
recommendations for maintenance and production needs.
Clean water for drinking was provided ad libitum during

the day.

To support focused field-level assessment of effective
heat stress alleviation techniques, 15 crossbred Holstein-
Friesian lactating cows, chosen based on uniformity of
physiological status (2" lactation, 90-120 DIM, BCS
3.0-3.5), were used in this study. The cows were randomly
divided into three experimental sets, with five animals in
each set. Each set was subjected to different treatment
regimens for comparison under semi-arid climate stress.
The interventions provided to each group, including
cooling and nutritional methods applied throughout the
study, are listed in the Table 1.

Table 1: Description of treatment groups and interventions.

Group No.of Cooling Nutritional
animals intervention supplementation
I 5 None None
11 5 Fan + Mist system None
(6 hours/day)
III 5 Fan + Mist system  Antioxidants +
(6 hours/day) Electrolytes daily

'The three groups of treatment are tabulated: Group I was
the control group with no cooling or supplementation,
Group II had only a mechanical cooling system (fan and
mist operation for 6 hours/day), and Group III had both
the cooling intervention and dietary supplementation with
antioxidants (Vitamin E at 1,000 IU/day) and electrolytes
(Na-K blend at 50 g/day). This classification gave a
systematic design for assessing the separate and combined
impacts of the interventions.

HOUSING AND COOLING SYSTEM SETUP

The cooling installed on Groups II and III featured
oscillating fans (24 inches) and low-pressure mist nozzles,
located 8 feet in height and at 10-foot intervals on the shed
(Levit ez al., 2021). The system operated between 10:00
AM and 4:00 PM on alternating periods of 20 minutes on
and 10 minutes off. The direction of the fans was designed
to create a consistent airflow in the cattle resting area.

PHYSIOLOGICAL AND PERFORMANCE MONITORING

Physiological parameters were measured twice a day, at

8:00 AM and 2:00 PM, to identify variations caused by

fluctuations in ambient temperature. The parameters taken

were:

+ Digital rectal temperature (°C) with a calibrated digital
veterinary thermometer.

* Respiration rate (breaths/minute) measured by
counting flank movements for 60 seconds.

*  Pulse rate (beats/minute) measured with a stethoscope
at the left thoracic area.

Milk production per animal was measured daily with
portable electronic weighing scales at the morning and
evening milking sessions. Data were also averaged on
a weekly basis to track trends. Feed consumption was
estimated by subtracting refusals from the feed offered,
measured every 24 hours.

Cow behaviour was also visually observed and documented
for time spent in lying, standing, feeding, and panting
postures during two observation blocks.

For an assessment of heat stress and alleviation effect on
cow welfare and performance, a uniform set of behavioural,
productive, and physiological parameters was tracked
along the trial phase (Liu ¢7 a/.,2019). They were measured
using a constant frequency and a standard methodology
for every individual animal. The Table 2 summarises the
parameters, units of measurement, manner of assessment,
and observation intensity during the study duration.

Table 2: Parameters recorded and observation frequency.
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Parameter Unit Method Frequency
Rectal tem- °C Digital thermometer ~ Twice daily
perature
Respiration Breaths per Visual flank observation Twice daily
rate minute
Pulse rate  Beats per  Auscultation Twice daily

minute
Milk yield  kg/day Weighing post-milking Daily
Feed intake kg DM/day Feed offered refusals Daily
Behavioral Timein  Visual scan sampling  Twice daily
observations hours block
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Table 2 illustrates the multi-dimensional monitoring
strategy applied in the trial. Animals were monitored for
key physiological markers (rectal temperature, respiratory
rate, and pulse), productive measures (feed intake and milk
yield), and behavioural characteristics (panting time, lying,
standing, and feeding). The employment of impersonal
instruments (weighing scales, digital thermometer) and
methodical approaches (visual scan sampling) helped
ensure consistency and reliability in the data gathered.
The rate of observation particularly the twice-daily
physiological sampling was intended to detect both
morning and afternoon reactions to diurnal peaks of heat
stress.

STATISTICAL ANALYSIS

All the information gathered was tabulated using
Microsoft Excel 2021, and statistical analysis was
performed using SPSS v26.0. Descriptive statistics (mean
+ standard deviation) were calculated for all parameters. To
compare the differences between the three groups, One-
Way ANOVA was used, followed by Tukey’s post hoc test
to identify significant pairwise differences. A p-value of

less than 0.05 was taken as statistically significant for all
analyses (Alani and Kawan, 2024).

RESULTS AND DISCUSSION

The current research evaluated the efficacy of two popular
heat stress alleviation measures environmental cooling and
nutritional supplementation on physiological, productive,
and behavioural traits of dairy cattle during the peak
summer season in a semi-arid climatic zone (Negron-
Pérez, 2019). The Temperature-Humidity Index (THI)
exceeded the critical value of 72 on the majority of trial
days, indicating the occurrence of moderate to severe heat
stress conditions.

PHYSIOLOGICAL RESPONSES TO HEAT MITIGATION

The physiological parameters measured during the
experiment exhibited that both cooling therapy and
composite approaches exerted considerable impacts in
modulating thermal stress. Rectal temperature, respiration
rate, and pulse rate were consistently lower in Group III
(cooling + nutrition) than in Group I (control) and Group
IT (cooling alone). This demonstrates the synergistic
impact of combining antioxidant supplementation with
environmental modulations.

'The physiological responses of dairy cows to various heat
stress management practices were assessed by measuring
rectal temperature, respiration rate, and pulse rate. These
parameters directly quantify thermal stress and internal
heat load. The following Table 3 provides the mean values

of these physiological parameters recorded in the three

treatment groups throughout the study period.

Table 3: Mean (+SD) physiological parameters of cows

under different treatments during the trial period

Groupl GrouplIl Group III
(Control) (Cooling) (Cooling +
Nutrition)

Rectal temperature (°C) 39.6 + 0.3 38.9+0.2 38.4+0.1
81.2+3.5 66.8+2.9 58421
86.6 +2.4 773+19 72.6+1.7

Parameter

Respiration rate (bpm)
Pulse rate (bpm)

'The findings indicate that the control group cows (Group
I) experienced the highest physiological stress, with rectal
temperatures averaging 39.6°C, a respiration rate of 81.2
breaths per minute,and a pulse rate of 86.6 beats per minute.
Group II, under fan and mist cooling, showed a moderate
improvement with reduced averages compared to Group 1.
'The most striking alterations were in Group III, where the
combination of cooling and nutritional support resulted
in a remarkable reduction of rectal temperature (38.4°C),
respiration rate (58.4 breaths/min), and pulse rate (72.6
bpm). These results unequivocally show that combining
nutritional support with cooling increases physiological
resilience under heat stress.

The decline in the pulse and respiration rates of cows
in Group III is consistent with previous findings
indicating that antioxidant supplementation enhances
cellular tolerance to heat-induced oxidative stress. Such
enhancements manifest as enhanced thermoregulation
and comfort status.

MILK YIELD AND FEED INTAKE PATTERNS

Milk production varied significantly daily between the
groups. Cows subjected to combined heat alleviation
methods (Group III) exhibited increased milk production,
with a consistent trend throughout the study duration
(Polsky and Von, 2017). This is likely due to increased feed
consumption, improved thermal balance, and decreased
stress-related hormonal disturbances.

To determine the productive response to heat stress
alleviation measures, daily milk production was measured
and averaged every week. The Figure 3 illustrates the trend
in milk production over the six weeks for each treatment
group, enabling a comparative evaluation of productivity
under varying interventions.

Milk production decreased consistently in the control
group, from 13.5 kg/day during Week 1 to 12.0 kg/
day during Week 6, reflecting a detrimental effect of
unremitting heat stress. Group II showed more consistent
performance, with milk production varying between 14.0
and 14.2 kg/day, reflecting that evaporative cooling per
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se can stabilize productivity. Nonetheless, Group III had
the highest and consistently rising milk yield, increasing
from 14.2 kg/day in Week 1 to 15.4 kg/day in Week
6, demonstrating the cumulative effect of cooling and
nutritional supplementation in sustaining metabolic
efficacy and milk synthesis under heat stress.

=== Group I (Control)
== Group II (Cooling)
Group III (Cooling + Nutrition)

15
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Week 1 Week2 Week3 Week4 Week5 Week6
WeeK

Mik Yield (Kg/day)

Figure 3: Weekly average milk yield (kg/day) across

treatment groups.

Group I cows, which were exposed to direct heat without
any interventions, experienced a consistent reduction in
milk yield throughout peak temperature weeks. Group
IT cows had a relatively constant yield because of cooling,
whereas Group III cows had enhanced milk production
after the second week of acclimation.

Dry matter intake (DMI) is a crucial determinant of the
impact of heat stress and its alleviation on the appetite and
energy balance of dairy cows (Rahimi ez 4/, 2021). The
Table 4 presents the mean weekly feed consumption of
all treatment groups and the impact on voluntary intake
resulting from these interventions.

Table 4: Average feed intake (kg dry matter/day) during

the study.

Week Group 1 Group 11 Group II1
Week 1 16.8 17.2 17.3
Week 2 16.2 17.5 18

Week 3 15.9 17.4 18.5
Week 4 15.5 17.3 18.7
Week 5 15.1 17.1 18.9
Week 6 14.7 16.9 18.8

Feed intake fell progressively in the control group, from
16.8 to 14.7 kg/day, reflecting heat-stimulated depression
of appetite. Group II had relatively consistent values

throughout, but Group III experienced a remarkable
increase in DMI, reaching 18.9 kg/day by Week 5. The

increase in Group III feed intake coincides with the
enhancement of milk production,implying that antioxidant
and electrolyte supplementation may counteract anorexia
resulting from heat in lactating cows.

BEHAVIORAL OBSERVATIONS

Behavioural observations also gave more information on
the welfare of animals under each treatment (Sammad ez
al., 2020). Control group cows spent more time standing
and panting, while cows in Group III exhibited more
lying and feeding behaviour indicators of comfort and a
decreased heat load.

Behavioural measures, such as feeding time, panting, and
lying time, are helpful indicators of animal comfort when
subjected to heat stress (Sammad ez a/., 2020). The average
daily time spent on various behaviours was calculated
using visual observation data. The behavioural time budget
for each group is represented in the Figure 4.
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ELying Down ®Feeding ®Standing © Panting

Figure 4: Average daily time (hours) spent on different
behaviours by treatment group.

Group I (Control) cows spent the lowest amount of time
lying down (6.5 hours) and feeding (3.1 hours), with more
panting time (2.2 hours) strong indicators of distress.
Group II showed mild improvement in every behavioural
parameter. Group III cows lay down for 8.3 hours, were
ted for 4.0 hours, and panted for only 0.9 hours, reflecting
superior thermal comfort and normalization of behaviour.
These alterations highlight the animal welfare benefits
of combining nutritional measures with physical cooling
technologies during prolonged heat exposure.

EVALUATION OF COMBINED STRATEGIES ON OVERALL
ANIMAL RESPONSE

The combined effect of various heat stress mitigation
measures was assessed by integrating physiological,
production, intake, and behavioural data (Thornton ez
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al., 2022). This multifaceted approach was undertaken to
assess the relative efficacy of separate versus combined
interventions in actual semi-arid field conditions. The
multifaceted response of the cows provided a better
understanding of how different biological processes
thermoregulatory, metabolic, and behavioural react to
external interventions during prolonged thermal exposure.

On all the measured parameters, cattle in the combined
intervention group (Group III) showed uniformly better
performance. Physiologically, they had a lower rectal
temperature (38.4°C), decreased respiration rates (58.4
breaths per minute), and pulse rates (72.6 beats per
minute), indicating an internally stable condition despite
the external heat load. At the same time, their milk yield
increased gradually to 15.4 kg/day over six weeks, while
dry matter intake rose to 18.8 kg/day, indicating improved
nutrient utilization and tolerance to stress.

Behaviorally, the cows in Group III exhibited increased
comfort, as indicated by increased lying time and a
decrease in the duration of panting (Wankar ez 4/, 2021).
These results together provide evidence of the efficacy
of integrating evaporative cooling with antioxidant-
electrolyte supplementation. They are consistent with the
hypothesis that an integrated approach addressing both
environmental and metabolic heat loads leads to increased
resilience, improved welfare, and enhanced productivity.
The simplicity and scalability of methods like fan-mist
systems and affordable nutritional supplements make this
method particularly well-suited for small and medium-
sized dairy farms in hot climates.

CONCLUSIONS AND
RECOMMENDATIONS

The present study demonstrates that heat stress in dairy
cattle significantly affects physiological stability, feed
intake, and milk production, and that these impacts can
be effectively mitigated through targeted interventions.
While environmental cooling using fans and mist systems
alone provided moderate relief, the combination of cooling
with nutritional supplementation specifically antioxidants
and electrolytes yielded the most favourable outcomes
across all measured parameters. Cows receiving this
combined treatment exhibited lower rectal temperatures,
reduced respiration and pulse rates, increased feed intake,
improved milk yield, and behaviour indicative of greater
comfort. These findings support the practical adoption of
integrated strategies, particularly in semi-arid and tropical
regions where heat stress poses a recurring threat to dairy
productivity. It is recommended that small to medium-scale
dairy farmers invest in simple cooling infrastructure and
supplement the diets of lactating cows with cost-effective

nutritional additives during the peak summer months to
enhance animal welfare, maintain milk production, and
improve overall farm profitability.
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