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Abstract

Heat stress in livestock animals is one of the promising topics discussed especially with climate change. Even though
it is complicated to accurately measure at which point the cattle may suffer from heat stress due to different external
and internal factors, mitigation of heat stress is quite important because a cow can lead to hyperthermia if it couldn’t
maintain the thermoneutrality of its body. A great number of researches were conducted to find out the factors that
lead to heat stress and the effects of heat stress on the production, reproduction, respiratory rates, heart rate, and
feeding behaviors of cattle. Mitigation strategies for heat stress were also revealed under different means by mitigating
heat exchange pathways which lead to accumulate the heat within the body, and management strategies including
nutritional management. The present review was to elaborate on those findings to critically evaluate how dairy cattle
are affected by heat stress in the livestock industry and the investigated mitigation strategies of heat stress to regulate
the body heat of cattle.
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Introduction

A combination of external forces acting on an animal resulting in conditions higher than the temperature
range of the Thermoneutral Zone of animals and generating a physiological response is known as heat
stress [1-3]. When an animal does not achieve an equilibrium between heat retention and heat dissipation,
as a result, heat stress occurs [4]. Temperature within a range of -0.5 to 20.0 °C can be considered as the
thermal comfort zone for dairy cattle [5]. The upper critical air temperature is the air temperature which
is at which the animal increases the heat production due to its body temperature increment as a result of
inadequate evaporative heat loss is reported to range from 25-26 °C for dairy cattle, irrespective of their
previous acclimatization and milk production [5-7]. Air temperature, relative humidity, solar radiation,
precipitation, and air movement are the major environmental factors affecting the occurrence of heat stress
in animals [1], and out of these, the elevated air temperature can be considered as the leading factor
responsible for the heat stress in cattle [8]. On the other hand, breed, age, lactation stage, level of milk
production, levels of feed and water intake, feed composition, and body condition score are also considered

as the other factors of heat stress [5, 7].
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Main Factors Responsible for the Occurrence of Heat Stress in Cattle

Air Temperature

Dairy cattle begin to experience heat stress at comparatively lower temperatures than humans. The air
temperature and relative humidity in the surroundings have a considerable effect on this operation of
releasing excess heat into the atmosphere [9]. As the air temperature increases above the thermal comfort
zone, there is a higher possibility for the occurrence of heat stress especially if the relative humidity is also
high [10]. Hence, it is essential to release surplus heat into the atmosphere to maintain the body temperature

of cattle within the thermal comfort zone [11, 12].

The primary thermoregulatory mechanism of mammals is maintaining a body temperature higher than the
ambient temperature to maintain an efficient heat exchange between the body of the animal and the
environment. The heat exchange happens mainly via four means; conduction, convection, radiation, and
evaporation. Among these four, conduction, convection, and radiation require a temperature gradient for
heat exchange, and evaporation requires a vapor pressure gradient. When ambient temperature reaches
body temperature heat loss can happen only through evaporation. If the ambient temperature exceeds the
body temperature, the direction of the temperature gradient changes, and heat will flow in the opposite
direction. Besides, the animal becomes heat-stressed in such conditions, especially when it exceeds the

thermal comfort zone [13].

Relative Humidity

Relative humidity gives an idea about the level of saturation of air at a given temperature [14]. The amount
of water vapor present in the surrounding air affects the rate of the evacuation of water from the skin and
lungs of cattle through evaporation. As the average daily temperature goes beyond the thermal comfort
zone of the animal, the level of moisture in the atmosphere becomes a critical factor in regulating the
homeostasis of animals. To maintain the regular physiological conditions and behavioral patterns of dairy
cows, 60-80% relative humidity is considered as appropriate [5]. Sweat glands are present in cattle and
they can successfully remove excess heat from their bodies to the atmosphere quickly by sweating as the
evaporative cooling principle when the ambient temperature increases and the temperature gradient
decreases between the animal and the air. At lower relative humidity, air is not saturated with water vapor
and there is no obstruction for the addition of water vapor into the atmosphere. Hence cattle could
withstand even higher temperatures when lower relative humidity prevails because excess heat is removed

by sweating.

The normal capacity of cattle to dissipate heat loads by sweating and panting is impaired during hot and
humid weather, thus heat stress happens even faster in cattle under these conditions [15]. According to
Bianca, (1965), the average apparent milk yields of Holstein, Jersey, and Brown Swiss dairy cattle breeds
were 97, 93, and 98%, respectively at a temperature of 29 °C and relative humidity of 40% [16]. While the

relative humidity was increased to 90%, the milk yields were reduced to 69, 75, and 83%, respectively. It
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revealed that there is a drastic reduction in milk yield along with the increase in relative humidity.
Temperature Humidity Index (THI)

THI is a variable that is frequently used as an indicator of heat stress of cattle reared in stalls as well as of
cattle reared in pasturelands [17]. It is a value reflecting the cumulative effects of the thermal stress level
correlated with air temperature and humidity. This index is generally used as a measure of heat stress
and in the evaluation of thermal comfort for dairy cows and other livestock. This index was developed for

the evaluation and elimination of heat stress-induced losses as a weather safety index.

The reported threshold values for heat stress among cows and its impact on productivity have altered as
different authors have expressed different threshold values for THI, in general from the range varied from
68-74 units whereas several researchers classified THI under different levels of stress on the cattle (Table 1)
[18]. The threshold values for THI were assessed by considering the productivity of dairy cows. As a by-
product of milk production, dairy cows produce metabolic heat and hence higher yielding animals undergo
heat stress at relatively low THIs than lower yielders [7]. A value of 72 and 74 were assigned as the threshold
values for the high-yielding and low-yielding cows, respectively. Most of the other authors have indicated
72 as a critical threshold value for THI and values above it may cause a reduction in the productivity of
cattle [19-21].

Table 1. Different THI classifications with special reference to the level of stress on the cattle

THI Value Degree of stress Reference/s
<71 Comfort zone
72-79 Mild stress [22,23]
80-89 Moderate stress
>90 Severe stress
<74 Normal
75-78 Alert [24]
79-83 Dangerous
>84 Emergency
Solar Radiation

One of the predominant environmental factors impacting livestock is solar radiation. Global radiation
primarily involves radiation coming directly from the sun as well as diffused radiation and/or reflected by
clouds. The effect of radiation can be the key determinant of the conditions in the environment in which
the cows are reared, especially in the case of pasturelands. Cattle reared in pasturelands are more exposed
to solar radiation. Hence, cattle on pasture are more susceptible to heat stress than cattle reared in sheds
[25]. The potential of animals to cope with heat stress caused by solar radiation relies on the physical
properties of their skin and coat [26, 27].
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The darker surfaces absorb more heat while lighter surfaces absorb less heat [28]. In view of the
aforementioned fact, the dark-coated cattle breeds absorb more heat loads from solar radiation than the
breeds with light-colored coats [29]. As revealed from previous studies, short-wave radiations are
transmitted effectively through the light-colored coat which lacks melanin pigmentation [27, 30, 31]. Long
hairs provide a shield against incoming short-wave radiation, but they also maximize heat stress by
minimizing heat dissipation to the outside. In a tropical area, a Holstein cow on an open pasture will
consume up to 640 Wm of radiant energy. Short-wave radiation accounts for 297.9 Wm<2 or 46.6 % of the
total radiation received by a cow in a tropical area exposed to the sun. Direct solar radiation accounts for
around 65 % of this total whereas long-wave radiation (342 Wm) makes up 53.4 % of the overall radiation

received by the cow [32].

Cattle Breed

In comparison to European (exotic) breeds, indigenous cattle breeds in most developing countries are
depicted as the hardiest breeds, as they have more potential to survive and give good yields even under
harsh conditions because of their specific physiological and genetic adaptations [33]. Sweating efficiency,
poor tissue tolerance, coat texture, and color are all heritable traits for maintaining body temperature, but
there is evidence of an improved potential for thermoregulation in Bos taurus cattle by nutritional
management. Since coat color is linked to the amount of heat consumed by solar radiation, there is also
evidence that hair color affects the cow's susceptibility to heat stress. Black steers had a 16% higher internal
flow of heat at the skin than brown steers and a 58% higher inward flow than white steers in Bos indicus
cattle. Dark-coated Bos taurus cattle had better heat transfer to the skin, a higher body temperature, and
slightly smaller weight gains than white-coated cattle, with the effect amplified by the coat's wooliness [34].

The productivity of cattle correlates with the output of metabolic heat. Thus, when the productivity of cattle
increases, the amount of metabolic heat produced also increases. Owing to their increased metabolic rate
linked with milk production, high-producing exotic dairy breeds are more vulnerable to the detrimental
impacts of heat stress [35]. Bos indicus subspecies have a better capacity to control their body temperature
because under elevated temperatures in tropical regions, less deleterious effects on cells of zebu than on
cells of European breeds. The effect of lower metabolic rates and greater heat loss capability by
thermoregulatory processes results in this potential, helping to reduce heat stress. Furthermore, hair coat
leads to improved conductive and convective heat loss while reducing the absorption of solar radiation in
Zebu cattle. In comparison to hair coats that are dark in color or denser and woolly, sleek, shiny hair coats
reflect a higher percentage of incident solar radiation [36]. Even though the Zebu cattle production capacity
is lower than that of high-producing exotic and crossbred cattle, their level of production is relatively
constant under severe environmental conditions whereas high-producing exotic and crossbred animals fail

in this process.
Comparatively, indigenous breeds retain their reproductive capacity during times of intense heat stress,

water shortages, and decreased grazing supply due to their small body size whereas the large exotic

animals may face reproductive impairments that could be related to their high energy consumption [37].

138



Adv. Technol. 2024, 3(2), 135-151

Cattle breeders have therefore attempted to incorporate the desirable traits of exotic breeds and zebu
breeds as an alternative to overcome the heat stress of cattle in tropical regions, by creating crossbred
animals such as Girolando which is the offspring of the Holstein (European) and Gir (zebu) crossbreeding
[38].

Housing of Cattle

Based on the cattle rearingsystem (indoor or outdoor), the effect from the above-mentioned
environmental determinants of heat stress like air temperature, relative humidity, and solar radiation can
vary in proportion. In the case of rearing cattle on pastures, the main risk factor is solar radiation and it can
be mitigated by the construction of a stall. Although protection is provided from adverse climatic
conditions in indoor cattle rearing systems, restricted efficacy of natural ventilation would be a great
problem, and therefore mechanical ventilation is implemented [6]. Cattle reared under shade are less
susceptible to heat stress than those reared in pasturelands. The amount of shade provided also affects the
risk of exposure to heat stress. However, an intensive housing system with proper ventilation and cooling
mechanisms provides a comfortable environment for the animals. Hence, the cattle that are managed under
those systems are less susceptible to heat stress. The material of construction also has a considerable

influence on heat stress [39].

According to Armstrong, (1994), the location, size, and orientation of the shade are important and the
design and the management of shade depend on the climate of the area. Generally, a mature dairy cow
requires a shaded area of 3.5 to 4.5 m2. It is important to construct the shade structure for a height of at least
4.3 m in order to reduce the amount of reflected solar radiation reaching the cows while directing it in an
East-West direction in high-temperature areas to avoid falling of direct sunlight and in North-South

direction in low-temperature areas.

Effect of Heat Stress on Cattle

Effect of Heat Stress on Reproduction of Cattle

According to many researchers [40-43], the reproductive tract, as well as the reproductive physiology of
cattle, are highly sensitive to heat stress. Additionally, heat stress was defined as the environment that acts
to drive the body temperature above the set point temperature of a particular mammalian species [3]. He
further explained that the reproduction disruption due to heat stress can be identified as two main
mechanisms such called homokinetic changes to regulate body temperature and failure of homokinetic
systems to regulate reproduction during heat stress. According to Ealy et al, (1995) it was observed that
the decreased embryonic development under 41 °C for 3 hours of heat shock under in vitro fertilization

(IVF) is more similar to the body temperature of a heat-stressed cow [44].

In another study Barati et al, (2008) recorded that a significantly smaller proportion of oocytes (14-29%)

reached their meta phase Il when they were exposed to 41 °C, compared with the oocytes that were exposed
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to 38.5 °C [45]. It further explained that the elevated temperature had significant effects on meiotic
competence as well as the oocyte quality. The cows under heat stress consisted of a longer period of non-

cyclic reproductive phases with short estrus cycles (Table 2).

Table 2. Estrus cycle length of Bos indicus cattle under thermoneutral (CG) and heat stressed (HS) conditions

Estrus cycle

(days) CG No./Total (%) HS No./Total (%) P values Reference
21 31/35 (88.6) 15/24 (62.5) 0.0200
<21 3/35 (8.6) 9/24 (37.5) 0.0086 [45]
>21 1/35 (2.9) 0/24 (0.0) 0.2018

However, the thermotolerant breeds of Bos indicus required long-term exposure to elevated temperatures

to show destruction in reproduction (Table 3) [46].

Table 3. Mean estrus cycle length, Serum progesterone concentration and Cortisol concentrations of Bos indicus cattle under
thermoneutral (CG) and heat stressed (HS) conditions during phase 1 (before the micro climate manipulation), Phase 2 (during the
micro climate manipulation of HS group; 38 °C and 80% relative humidity (RH) under a cold fluorescent light from 6:00 to 18:00 h,

followed by 30 °C and 80% RH from 18:00 to 6:00 h; 28 days), and phase III (after the micro climate manipulation of
HS group; 28 -147 days)

Variable Phase I Phase 11 Phase 111 Reference
CG HS CG HS CG HS
Estrus cycle * *
dave - - 19.8412  21.080.0  20.740.5*  17.5:0.8 (5]
P4 (ng/mlL) 24+07  31+12  15+03  17+05  23#02*  1.7+0.3*
Cortisol 234050 32+0.8°  24#02%  24+020  1.9+02>  130.1°
(ug/dL)

o b: within a raw consecutive phase with different superscript letters differed (p<0.0001)
* Treatments (CG and HS) differed at p<0.05

Most of the reviewers have explained the seasonally elevated temperatures that effect on forming heat
stress of cattle [47-49]. Cows which calved in the summer season had a greater number of services per
conception and consisted of low conception rates than the other seasons [47]. Compared to Bos indicus, Bos
taurus (Holstein) had a lower percentage of normal oocytes and the developing oocytes to 8-cell, morula,
and blastocyst stages in hot seasons. But there were no significant differences observed in normal oocyst
and oocyst development in Bos indicus (Brahman) during the different seasons [48]. The lower
concentrations of LH were found in heat-stressed cows and it suggested that the heat stress-related decline
of LH caused the series of destructions related to the reproduction including the above-mentioned oocyst
maturation, ovulation, and formation of functioning corpus luteum [50]. It was reported that the duration
of estrus was shortened due to the heat stress, because the estradiol-17 concentration in plasma was
decreased during the pro-estrus period up to 2.96+0.25 ng/mL at 32 °C and RH 67.3% in Holstein heifers
[51]. Furthermore, the pregnancy rate was detected as 6 % of the imported cows in Sri Lanka which were
most of the days exposed to moderate heat stress with THI beyond 78. The body temperature of those used
imported animals during that experiment was recorded between 39.4-40.3 °C. The detected pregnancy rate
was beyond 20% where the THI was below 78 and also the body temperature was detected as below 39.4 °C

[52]. Moreover, it was reported that the seasonal variations affect significantly on ejaculate volume,
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concentration, total sperm, and initial motility of sperms in bulls, and increase in semen attributes were
due to the effect of lower temperature on sensitive stages of spermatogenesis during summer [53]. This also
agreed with the findings of [54]. It revealed that the highest mean values of individual motility and sperm
concentrations (77.61+0.33 % and 954.4 + 38.42 million/mL, respectively) were observed during dry summer
while the lowest was observed during the autumn. It further explained that the mass activity of sperms
was lowest in the humid summer while it was highest during the dry humid and spring seasons. Thus, it
was concluded that the better-quality semen was produced by Sahiwal bulls during spring and the dry
summer while humid summer and autumn seasons negatively affected the semen quality [54]. However,
Bhakat et al., (2014), reported that there was no significant effect of season on ejaculation volume, mass
activity, total sperm output, and pH whereas significant effect on sperm concentration, sperm
abnormalities, and osmolality in the semen of Karan Fries bulls as crossbred bulls [55]. The sperm viability,
membrane integrity and acrosome integrity were significantly decreased during the hot-humid seasons.
Seminal plasma enzyme concentrations were significantly higher in hot-humid seasons than in the winter.
There was no significant difference in the color of semen, plasma testosterone and prostaglandin
concentrations whereas estradiol concentration were significantly altered in Karan Fries crossbred bulls
during different seasons (Table 4). Furthermore, it suggested that the adverse effects on bi-physical
characteristics of semen of this crossbred during hot humid seasons may be due to rationale beyond the

hormone responses [56].

Table 4: Mean plasma testosterone, estradiol, prostaglandin E2 concentrations (Mean + SEM) in Karan Fries crossbred bulls

during different seasons (n=40)

Hormone Hot humid Winter Reference
Testosterone (ng/mL) 9.50+0.93 9.26 +0.99
Estradiol (pg/mL) 360.40 +12.97 318.90 £ 15.19* [56]
Prostaglandin E2 (pg/mL) 23.88 + 0.81 21.11+1.39

Effect of Heat Stress on the Production of Cattle

Extended periods of high environmental temperature and high humidity caused to destruct the dissipation
of body heat of cattle and it leads to reduce the milk yield of lactating cows and the efficiency of milk
production [5]. It is considered as the primary factor which caused the reduction of the milk production in
dairy cows and ultimately caused severe economic loss among the livestock farmers [57]. Environmental
temperature exceeding the higher or lower levels of thermal comfort zones of animals with special reference
to cattle caused to alter the yield, the neuro-endocrine mechanism, and environmental physiological
functions relevant to the maintenance of lactation [58]. Late gestation heat stress which was 60 days
prepartum had significant negative effects on early and mid-lactation milk production and milk fat content
of Holstein Friesian. But it wasn’t affected the late lactation milk production and milk fat content [59]. It
was also reported that the decline of milk production was 0.32 kg per unit increase in the temperature
humidity index (THI). It further explained that the shaded cows produced milk that contained more fat
percentage than non-shaded cows at THI above 74 [60] . The reduction of the milk yield was linear between
the THI values from 60 to 80 which elaborated that the greatest decrement of yield occurred below the
threshold THI value 72. The average loss of milk was 2.2 kg per day where the THI values between 65-73.
Similarly, 17 hours of exposure to an average THI value of 68 led 2.2 kg decrement of the milk yield per
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day as well. Furthermore, it explained that a Holstein cow that produces 35 kg of milk per day required
additional cooling when the average THI value at 68 for 17 hours to withstand the heat stress [13]. Osei-
amponsah et al.,, (2020) explained that the average daily milk production of Holstein Friesian was

significantly dropped when the THI was increased low to high followed by a moderate THI [61].

The rectal temperature of heat-stressed dried Holstein cows was detected as 39.2+0.1 °C during the
afternoons under tropical climates of Florida [62]. The elevated rectal temperature of heat-stressed
Holsteins in Arizona during July was detected as 0.95 °C increment even though the ambient temperature
was dropped down to 29.4 °C during the night for 8 hours. This indicated that the heat gain due to the
elevated ambient temperature was maintained in the body for entire 24 hours even though there was a
reduction of ambient temperature for considerable hours within that particular day. Although the reduced
intake of feeds due to heat stress had a minor effect on the loss of synthesis of milk, it was responsible for
35% of the milk yield lost [63].

The decreased average dry period, body weight, and subsequent calf weight was evident in dry Holsteins
either under heat stressed conditions and cooling conditions where the fans and sprinklers were
automatically activated when the ambient temperature exceeded 21.1 °C. However, the decrement of those
factors was less intense under cooling conditions relative to heat stressed conditions [62]. Moreover, these

findings were closely similar to the previous findings (Table 5) [63].

Table 5: Dry period length, rectal temperature, BW, Subsequent calf weight of cows exposed to heat stress
and cooling conditions during dry period

Treatment
) Heat stress Cooling SEM P Reference
Variable value
(HS) (CD)
Dry period length (days) 38.93 42.21 1.47 0.13
Rectal temperature a.m., (°C) 38.81 38.60 0.03 <0.001
Rectal temperature p.m., (°C) 39.40 39.04 0.04 <0.001
Calf weight (kg) 41.63 46.45 1.33 0.01 [62]
BW change (prepartum)! (kg) -15.3 -1.9 4.60 0.05
BW change (postpartum)? (kg) -37.7 -534 10.2 0.29
Dry period length (days) 38 45 3 0.12
Calf weight (kg) 31 44 2 <0.001 [63]
BW3 (kg) 633 698* 16 0.01

IPrepartum accumulative BW change was calculated by deducting data at =32 and —18 d relative to calving and calving by data at
dry off

2Postpartum accumulative BW change was calculated by deducting data at 14, 28, and 42 d relative to calving by data at calving
SBW was reported at =46, 32, —18, and 0 d relative to expected calving date

*P<0.01

+HS;n=15CL,n=14

++HS; n=09, CL; n=07
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Furthermore, heat stress is not only affected for the reduction of milk production but also for the component
of the milk [57]. It was confirmed that the milk protein concentration also decreased during the heat stress
[64]. However, Ingraham et al., (1979) found that the milk temperature and fat percentage of milk was
increased by 3% and whilst protein percentage was increased by 2% when the THI varied from low to high

by representing a positive correlation between THI, milk temperature, fat and milk protein [60].

Effect of Heat Stress on Feeding, Pulse Rate, and Respiratory Rate of Cattle

Research conducted by using nine crossbred steers (1/4 Angus, 1/4 Hereford, 1/4 Pinzgauer, 1/4 RedPoll)
by providing three different temperatures including 18.7 + 7 °C (dry bulb temperature and dew point
temperature of 7 °C), 30+7 °C, and 34+7 °C revealed that the highest feed intake was observed at 18.7+7 °C
which was considered as the thermoneutral temperature followed by 30+7 °C and 34+7 °C. It further
explained that the feed intake was decreased over the first few days under the heat stress conditions then
leveled off and remained low throughout the research study. Although there was a metabolic shift observed
between the acute and chronic phases of heat stress, a significant impact on respiratory rate wasn’t observed
[65]. Respiratory rate is one of the best parameters to indicate the heat stress of cattle [66, 67]. Critical values
of respiratory rate for 1/2, 3/4 crossbred, and pure-bred Holstein Friesians were 116, 140, and 168
breathes/min, respectively [67]. In addition to that, the respiration rate of crossbred cows (1/4 Angus, 1/4
Hereford, 1/4 Pinzgauer, 1/4 Red Poll) was observed as 86.0+0.39 and 102.3+0.36 breaths/min under shaded
and non-shaded conditions, respectively [68]. Respiration rate interval was drastically decreased under
heat stress conditions during daytime up to 635.06+49.73 milliseconds. It was 728.28+31.97 milliseconds

under the normal conditions during daytime as well [69].

Further studies had been conducted in a chamber by using Ayrshire, Guernsey, Holstein, and Jersey cows
revealed that the hot conditions within the chamber caused to produce a rapid overload of the respiratory
system followed by extremely high respiratory rates [70]. Atkins et al., (2018) found that the slope of the
respiratory rate was increased at around 70 THI [71]. It further explained that the respiratory rate was
remained elevated in the evening and night in spite of the decreasing THI [61, 71]. Additionally, Osei-
amponsah et al., (2020) reported that the THI was greatly influenced on the respiratory rate of Holstein
Friesian cows [61]. They were breathe faster and frequently panted under high THIs (Table 6).

Table 6. Effect of THI on respiratory rate of Holstein Friesian cattle

THI
Parameter Reference
<72 73 - 82 >83
Sample size (n) 518 1175 666
Respiratory rate (breaths/min) 66.0<+18.8 81.8>+21.4  113.12+31.5 [61]
Panting score 1.38¢+ 0.63 1.87° £ 0.61 2.422 +0.64

obe Within rows means with different superscripts differ significantly (p < 0.05)

Moreover, the body temperature increment was greater with the higher THIs that corresponds with the
increased respiration rate of Bos taurus cattle. In addition, per °C increment of different variables was also

found to be as factors of changing the respiratory rate of Bos taurus cattle (Table 7).
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Table 7. Respiratory rate increment per °C increment of different variables

Increment
Parameter . Reference
(breaths/min)
Respiratory rate per °C increment of ambient temperature 2.8-3.3 [66]
Respiratory rate per °C increment of tympanic temperature 47
Respiratory rate per °C increment of body temperature 19.8 [71]
Respiratory rate per °C increment of rectal temperature 35.7 [72]

According to Bun et al., (2018), power spectral analysis of heart rate variability is a kind of useful tool to
evaluate heat tolerance in cows [69]. Heart rate variability (HRV) was described as the parameter that
explains the balance between sympathetic and parasympathetic nervous systems [73]. Research conducted
by using Cambodian native zebu Holstein-Friesian cross-bred cows elaborated that the heart rate
variability was increased up to 95.45+6.80 bpm under the heat-stressed conditions whereas it was 82.79+3.47

bpm under normal conditions during the daytime [69].

Mitigation of Heat Stress

In hot weather, an animal's body heat is dissipated mostly by elevated respiration rate, panting, increased
water intake, sweating, and decreased feed intake and milk yield. Increased standing time, seeking for

shade, and reduced activity and mobility are some of the behavioral coping mechanisms [74, 75].

Heat is exchanged through the mechanisms of conduction, convection, radiation, evaporation of water and
through exhaled air in animals. Heat is dissipated well via evaporation when the temperature gradient is
low and the environmental temperature is higher. Under heat stress, cattle remove excess heat from their
body through evaporation mainly by the means of sweating and panting. However, the rate of evaporation
depends on several factors like the body size of the animal, thickness of the coat, amount of hair present

and the number of sweat glands present [76].

Excess body heat must be dissipated to prevent the animal from contracting hyperthermia, which can be
lethal. Hence, maintaining the proper temperature for the cows is critical for maintaining their high
productivity and overall health. The adaptive mechanisms of the cows become unsuccessful in eliminating
the excess heat produced when the upper critical temperature is exceeded [5, 8]. Therefore, the manual
actions should be adopted in such situations in order to remove the excess heat load. Previous studies have
demonstrated that by introducing suitable solutions, favorable environmental conditions most importantly

the proper air temperature and relative humidity range can be provided for livestock [77].

A major step to be taken to minimize heat stress in cattle is to protect them from direct and indirect solar
radiation. The most economical and easy method to minimize the effect of solar radiation is providing a
shade. The type of material used in constructions also has a varying effect on the reduction of heat loads
[38]. Different methods of increasing shade coverage are stated, such as tree covers, roofs, eaves extensions,

and the installation of sunlight-reducing mesh, which can create more pleasant microclimates for cows by
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reducing solar radiation exposure and lowering ambient temperature [74, 78, 79].

To reduce the heat accumulation caused due to increased ambient temperature and relative humidity,
excess cooling is required. Using fans, air conditioning, wetting the animals and evaporative cooling are
some techniques used to enhance the dissipation of excess heat loads. According to Hahn et al., (1970), a
considerable increment of milk yield could be observed in dairy cattle provided with evaporative cooling.
Other options include misting and air mixing instruments, as well as water droplets from low-pressure

sprinkler systems [80].

There are variety of techniques for reducing air temperatures below the outside average temperature.
Mechanical air conditioning or refrigeration is the most common. Although these methods may increase
milk production and reproductive ability of cattle, they are too costly to be used [58, 81]. Evaporative
cooling is a more cost-effective option. Evaporative cooling works by evaporating water using the heat from
the environment. This reduces the air temperature while increasing the relative humidity. In low-humidity
zones, evaporative cooling is most efficient [80]. Air circulation is necessary in the management of heat
stress. Air can be transferred naturally or artificially. Open-sided construction that takes advantage of air
displacement caused by winds provides efficient ventilation of buildings used to shelter dairy cows in
sunny, humid climates. Fans provide mechanical ventilation, also known as forced ventilation even though

it can be achieved solely by natural means as well [82].

Nutritional management is another aspect that should be considered in mitigation of heat stress. According
to literature, there were clear evidences to state that it is essential to modify the feed for cattle during hot
seasons [6, 8, 83-85] . The rations should be reformulated to account for the reduced dry matter intake
(DMI), increased nutrient requirement, dietary heat increment and by avoiding the provision of excess
nutrients as increase metabolic rates may increase the risk of heat stress [5]. Reduced DMI necessitates
increased nutrient density, as well as altered mineral and water needs and digestive tract efficiency.
Increasing the amount of fat in the diet raises energy density and reduces overall heat increment, lowering
the body heat load [86]. According to Milam et al., (1985), water intake of cattle has increase by 1.2 kg per
1 °C increase in ambient temperature. But ad libitum water should be provided during hot seasons in order

to avoid the occurrence of heat stress [87].

Conclusion

Heat stress is affected in several ways in cattle farming by predominately reducing reproduction and
production performances. Decrement in embryo development, reduced the quality of the oocytes,
destruction in oocyte maturation were experienced in cows and the sperm viability, membrane integrity
and acrosome integrity were significantly decreased while interrupting the spermatogenesis in bulls. Milk
production and the composition of milk are also altered due to heat stress. But there are many mitigation
techniques available where the evaporative cooling could be suggested as one of the finest cost effective
technique that we can implement to reduce the environmental temperature in order to reduce the heat
stress of cattle. Moreover, nutritional management also could be considered as one of the aspects for

mitigation of heat stress in cattle.
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