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Abstract: Temperature, relative humidity, air movement, and sun radiation are climate elements
that affect dairy cows. Temperature and relative air humidity are the two main factors affecting
animal production. As the temperature outdoors rises, cows' primary non-evaporative cooling
systems (radiation, conduction, and convection) become less effective; thus, they also depend on
evaporative cooling, such as sweating and panting. An imbalance between the body's metabolic
heat production and its release into the environment can lead to heat stress in uncomfortable
weather. Heat stress has a detrimental effect on dairy cows' health and productivity. Climate change
causes material and financial losses for farm animals, particularly in the summer months, in most
regions of the world. When dairy cows are inseminated in the summer, the majority of the fertility
reduction is caused by summer heat stress. Heat stress has a major detrimental impact on numerous
reproductive features and, consequently, the milk output of dairy cows, which is a major financial
burden in many dairy-producing regions of the world. Heat stress has a number of serious and
expensive effects on dairy cows. Decreases in dry matter intake (DMI), milk output, and milk
efficiency are linked to ambient temperature and temperature-humidity index (THI) increases over
acute thresholds.
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INTRODUCTION
Human activities and natural
greenhouse gases (GHG) into the

Atmospheric GHG concentrations increased by around
39% and the concentration of CH4 have more than
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doubled due to the industrial revolution (WHO, 2009).
More than 60% of GHG emissions are from the
agriculture sector. The animal is responsible for 18% of
GHG emissions, 65% N»O, 37% methane, and 9% CO,
as presented in Figure 1 (FAO, 2022).
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Figure 1: Greenhouse gases emissions and its effect on global climate change

Methane emissions are from  enteric
fermentation, manure and management of cattle. N>O is
from animal dung, while CO; is from changing land
usage due to feed grains, grazing land, and agricultural
energy. Rising GHG concentrations in the atmosphere
caused the increase in environmental temperatures and,
consequently, climate change. The rising average
temperature of the atmosphere, or global warming, is the
most evident sign of climate change.

According to predictions, weather alteration
will happen swiftly. According to the IPCC (2014)
report, the globe's temperature has been rising by 0.2°C
every ten years. By 2040, worldwide heating is predicted
to increase by 1.5 ©C; by 2050, environmental
temperatures might rise by up to 2.0 °C (Herbut et al.,
2018a). By the year 2100, the average surface
temperature is expected to have climbed to 1.88—-5.8°C
due to global warming (Geiger et al., 2021). Climate
models predict a temperature rise of 0.3 to 4.8°C over the
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next century, and this continual rise in temperature will
have a serious impact upon food production and farming.
Climate change-related high-temperature stress is one of
the main factors affecting livestock productivity
worldwide, and several interconnected aspects determine
the degree of heat stress (Wankar et al., 2021).

Dairy cattle suffer from heat stress when the
outside temperature rises over the thermo-neutral zone or
the comfort zone, which is between the lower critical
temperature and the higher critical temperature. The
lower critical temperature is the ambient temperature at
which an animal produces more metabolic heat to sustain
body temperature. The higher critical temperature refers
to the temperature at which an animal raises its body
temperature to make up for inadequate evaporative heat
loss. The range of 21-27°C for growth rates and 24-30°C
for milk production is the higher critical temperature for
cattle, whereas the range of -16 to -37 °C is the lower
critical temperature for farm animals (Collier et al.,
2019). Animals that are exposed to temperatures higher
than their thermoregulation zone will experience heat
stress as a result of a confluence of environmental factors
(Dash et al., 2015).

Cattle being homoeothermic can control their
body temperature through several physiological and
behavioral reactions through the integration of numerous
organs and systems, such as the immune system,
endocrine system, behavioral system, and cardio-
respiratory system, modifying some physiological
processes during heat exposure to support heat balance
(Habeeb et al., 2023). Homeostatic processes and
behavioral changes, such as decreased activity, increased
water intake, and decreased feed intake, can identify heat
stress in dairy animals (M'hamdi ef al., 2012). Heat
stress directly affects and damages the cellular activities
of numerous bodily parts and tissues, including reduced
food intake, respiratory alkalosis and fertility (Abdelatif
and Alameen 2012). These consequences include
altered immunological response and heightened
vulnerability to illness, reduced appetite and ruminating,
oxytocin release suppression, and lower fertility
(Habeeb et al., 2022a, b). Extremely low heritability in
dairy cow reproductive parameters suggests that
environmental or non-genetic factors account for most
fertility variability.

The population is expected to grow to 9.6
billion by 2050, and with that comes a 70% increase in
demand for livestock products worldwide. Moreover,
more than 50% of cattle are found in tropical regions, and
heat stress has been shown to severely reduce
profitability in about 60% of dairy farms worldwide
(FAO, 2015). As global warming continues, animals'
problems with heat stress will get worse.

The dairy industry experiences commercial
losses due to a decline in milk output, a slowdown in
reproduction, a rise in metabolic issues, and weakened

immune systems (Zigo et al, 2021). The dairy
production has annual economic harms as a result of
high-stakes syndrome, with a decline in the milk supply
being the most important of the several causes (Vitali ez
al., 2009). Heat stress, for instance, costs cattle producers
billions of dollars annually in lost productivity. In Florida
and Texas, the annual economic losses ascribed to
nursing cows have been estimated to be $337 and $383
per cow, respectively (St-Pierre et al., 2003). Based on
current milk prices, losses were anticipated in 2014 to be
US$ 670 million/year; by the end of the century, this
amount is likely to increase to US$ 2.2 billion annually
(Mauger et al. 2015). According to recent economic
research, the US dairy sector may suffer financial losses
of up to $810 million yearly if cows are not chilled during
the dry season (Ferreira et al., 2016). Heat stress has a
significant negative influence on the financial
performance of dairy farms in the United States. Heat
stress causes the cattle business in the United States to
lose between $1.69 and $2.36 billion annually in
revenue. Between $897 and $1500 million of these losses
are attributed to the dairy sector each year (Osei-
Amponsah et al., 2019).

Research by meteorologists and climatologists
has revealed a specific hazard to all of Europe. For a herd
of 100 cows, the predicted losses in dairy output in the
European Union in 2015 compared to previous years
range from 70 to 550 kg of milk per day. The most
detrimental consequence of heat stress on cows is
reduced milk output, as the economic effects generally
become apparent within a few days (Herbut et al.,
2018b).

This study aims to investigate the detrimental
effects of global climate change on reproductive
efficiency, milk output, and composition in dairy cattle.

First: Global Climate Change Effects on the
Reproductive Efficiency

One of the main elements influencing the
performance of any dairy herd is fertility. Numerous
elements including heredity, diet, hormones,
pathophysiology, management, and climate, affect the
fertility of cows (Chawicha and Mummed, 2022). The
effects of hot weather on reproduction may probably
become increasingly noticeable in tandem with climate
change. Heat stress has detrimental effects on
reproductive events because heat stress inhibits
embryonic development, decreases the appearance of
estrous behavior, grows ovarian follicles, and decreases
oocyte competence (Mondal et al., 2017). Heat load also
interferes with several processes related to becoming and
maintaining pregnancy. These processes include
modifications to follicular development and dominance
patterns, regression of the corpus luteum, decreased
ovarian function, oocyte quality and competence,
development of the embryo, elevated rates of early fetal
loss and embryonic mortality, endometrial function,
decreased uterine blood flow, and decreased expression
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of estrus and behaviors linked to estrus (Schiiller ef al.,
2017). Numerous publications have reported negative
correlations between THI and animal reproductive
outcomes. Gaafar et al. (2011) found that the summer
heat stress led to a considerably longer first estrus,
interval service, days open and calving interval, more
services per conception, and a lower conception rate in
Frisian cows. The same authors found that as THI grew
from 57.98 in January to 80.40 in July, the number of
services per conception rose from 2.44 to 3.02 and the
conception rate dropped from 78.69 to 63.29%. Mondal
et al. (2017) mentioned that heat stress negatively
impacts reproductive events by reducing the expression
of estrous behavior, changing the growth of ovarian
follicles, impairing oocyte competence, and suppressing
embryonic  development; heat stress impacts
reproductive events. Reduced frequency and length of
estrus, calving rate, and an increase in the number of
inseminations per conception were the outcomes of heat
stress (Patel ef al., 2018). Parikh et al. (2024) showed
that compared to heifers born during the winter and rainy
seasons, those born during the summer had noticeably
longer ages at sexual maturity, first conception, and first
calving. Reisi-Vanani et al. (2025) found a significant
impact of heat stress on productive life among the
reproductive traits of Holstein dairy cows, which is
defined as the number of days from the first calving to
the last milk record. Impaired reproductive success is
mostly caused by low estrous signs and embryonic losses
(Gantner et al., 2011). Summer heat stress is a key cause
of decreased fertility in dairy cattle, according to
Wolfenson and Roth (2019). As a result, cows cannot
conceive. A poor rate of evaporative heat loss and
excessive metabolic heat generation lead to severe
hyperthermia. Oocyte competence, embryonic growth,
gonadotropin secretion, ovarian follicular growth,
steroidogenesis, corpus luteum development, and uterine
endometrial responses are among the several
reproductive processes that are compromised. From a
different angle, improving reproductive performance in
dairy cow herds prolongs productive life and eventually
boosts profitability (Habeeb et al., 2018).

The consequences of high temperatures are
linked to a rise in reactive oxygen species generation,
which causes cellular death and interferes with fertilized
egg development. Furthermore, alterations in
progesterone levels and a reduction in ovarian follicles'
generation of estradiol are linked to reproductive
abnormalities under heat stress (Khan et al., 2020).
Oxidative stress coexists with heat stress. Animals often
possess defense mechanisms against the emergence of
oxidative processes, such as glutathione peroxidase,
catalase, and superoxide dismutase. However, because
stress dramatically raises the requirement for vitamins
(ascorbic acid, tocopherols, and carotenoids) and
microelements (Se, Cu, and Zn), these defensive
mechanisms are restricted (Pragna et al., 2017).

Global climate change effects on puberty and estrus
induction

High ambient temperatures delay both male and
female puberty onset. Research indicates -elevated
temperatures impact the reproductive process throughout
several phases, such as pubertal maturation,
implantation, and embryonic death (Williams and
Walsh, 2010). Hansen and Arechiga (1999) revealed
reductions in estrous behaviors in dairy cows under heat
stress and more evidence that the frequency and length
of estrous mounting behaviors in beef cattle are
significantly shorter in the summer than in the winter.
During the hot summer months, the morning and evening
see the highest levels of sexual activity, while the
afternoon has the lowest levels. EI-Wardani and El-
Asheeri (2000) found that the estrus symptoms were
most noticeable in the morning and evening (37%) while
the smallest percentage (12%) occurred around midday.
Cows that consumed more dry matter had a greater
chance of exhibiting estrous behavior during their first
ovulation and becoming pregnant by day 150 of lactation
(Westwood et al., 2002). When European breeds are
relocated to tropical regions, shorter estrus lengths have
been observed; these discrepancies have been ascribed to
temperature, diet, and parasites (White et al., 2002).
According to Florida research, Bridges et al. (2005)
found that the average number of undiagnosed estrus
occurrences throughout the summer months (41 °C) is
76—82%, compared to 44—65% from October to May.
Cows that experience high ambient temperatures are
more likely to have silent heat and anestrus, which also
results in a reduction in the length and intensity of estrus
and a noticeable decline in the quality of produce (Raval
and Dhami, 2005). Heat stress shortens the length and
intensity of estrus, which makes it harder to reproduce
because quiet heat or weak estrus expression results
(Bolocan, 2009). The ovary may be directly impacted by
heat stress if it becomes less sensitive to gonadotropin
stimulation (Sartori et al., 2009). The summer estrous
cycle in Japanese cattle was longer (23.4 days vs. 21.5
days), and the cattle exhibited less roaming behavior
during estrus than in the winter (Sakatani ef al., 2012).
Identifying estrus becomes more difficult in dairy cows
with fewer symptoms and shorter estrus durations during
heat stress (Singh et al., 2013). Heat stress significantly
lowers the number of heat detected and increases the
number of days open, which leads to significant financial
losses for dairy farms (Boni et al., 2014). This was found
to be the case for high-producing dairy cows calving
from January to July, which had a significantly higher
number of days open than those calving from August to
December. Heat stress affects reproduction by
preventing the synthesis of gonadotropin-releasing
hormone and luteinizing hormone, which are essential
for ovulation and the display of estrus behavior (Temple
et al., 2015). Heat stress has a major impact on cows'
expression of estrus by shortening and intensifying estrus
in animals and increasing the frequency of anestrous and
silent heat (Abrar et al., 2015). The summer estrus cycle
of non-lactating cows was found to be much longer than
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the winter cycle, and the rates of estrus and conception
decreased when the THI exceeded 72 (Temple et al.,
2015). Inadequate identification of estrous cycles and
losses of embryos are the main reasons for subpar
reproductive outcomes. Approximately 50% of standing
periods of estrus go unnoticed during the postpartum
period. This inability to detect estrus can result in an
average interval of 40-50 days between successive
inseminations, which lowers reproductive efficiency and
profitability (El-Tarabany and El-Tarabany 2015).
Cattle that experience heat stress may silently heat up,
and their estrus may be shorter and less intense, which
may result in less mounting activity. Dash ef al. (2015)
showed that heat stress reduces the intensity and duration
of behavioral estrus, making it less common to see cows
in estrus under these circumstances. The later authors
reported that the expression of estrus at the first
ovulation, the time between calving and conception, and
the chance of conception and pregnancy were all strongly
correlated with heat stress. Warm weather shortens and
weakens the estrous expression period, which is bad for
a cow's ability to participate in natural mating behavior.
Heat stress changes follicular development and shortens
and weakens estrus (Chawicha and Mummed, 2022).
The delay in the recovery of complete estrous cycles in
cows following calving is the primary impact of heat
stress on reproduction. The synthesis and release of
glucocorticoids are stimulated by the adrenocorticotropic
hormone in reaction to stress, which can negatively
impact the hypothalamic-pituitary-gonadal axis and
estrous cyclicity (Skliarov et al., 2022).

Heat stress is associated with a reduced ovarian
response to FSH and LH, which leads to hot seasonal
anoestrus and heat stress also increases the
ACTH/cortisol ratio, which alters endocrine secretion
and results in anoestrus (Al-Dawood, 2017). Elevated
amounts of blood corticosteroids released in response to
heat stress also cause changes in the secretory pattern of
pituitary gonadotropins, which in turn cause anoestrus
(Abeni and Galli, 2016). The dominant follicle grows in
low LH levels at high ambient temperatures reducing
estradiol secretion and resulting in extended follicular
dominance, delayed ovulation, and poor estrus
expression (Siddiqui et al., 2010). The hormone that
causes the expression of estrus is estradiol. Estrus is
impacted by the decrease in estradiol production which
is low in females rose in warmer climates (Masoumi and
Derensis, 2013). Heat stress inhibits estradiol-induced
sexual behavior by increasing the release of ACTH and
cortisol (Kadokawa et al., 2012). Low estradiol
production inhibits gonadotropin surge, ovulation,
gamete transport, and indications of estrus (Das et al.,
2016). In addition, silent heat issues in cows or heifers
are caused by low progesterone along with low estrogen
levels (Habeeb et al., 2018). Moreover, Patel et al.
(2018) found that heat stress influences the production of
FSH, LH, and gonadotropins from the anterior pituitary
gland in addition to gonadotropin-releasing hormone
from the hypothalamus. The production of LH and

gonadotropin-releasing hormone is reduced in response
to heat stress, which inhibits ovulation and the
manifestation of estrus activity. Lower amounts of
estradiol-17a and LH secretion may cause dairy cows to
be less anestrous and have a longer summer estrous cycle
and the hormone estradiol is found in lower
concentrations when heat stress results in a reduction in
the production of 17 hydroxylases (Temple ef al., 2015).
Infertility and the cessation of estrous cycles are caused
by elevated circulating prolactin under heat stress (Singh
et al., 2013). Heat stress also raises the level of prolactin
in the blood which has anti-gonadotrophic properties and
is the main reason for postpartum anoestrus in lactating
animals (Alamer, 2011). Long-term stress reduces the
amount of estradiol released by follicles, which has an
immediate impact on the animal's ovaries; estrous
behaviors may become unclear or nonexistent (Sammad
et al., 2020).

Global climate change effects on conception rate

The percentage of services that produce
lactating dairy cows pregnant is known as the conception
rate. Elevated ambient temperatures can potentially
impact the rates of conception and pregnancy. In
lactating dairy cows, summertime records revealed a 20—
27% drop in conception rates (Chebel et al, 2004).
Compared to findings from the winter, there might be a
20-30% drop in conception rate during the summer
season (Raval and Dhami, 2005). Reduced conception
rate was consistently linked to heat stress in the lead-up
to breeding day (Morton et al., 2007). Garcia-Ispierto
et al. (2007) observed that heat stress reduces
breastfeeding dairy cows' conception rate by about
30.6% compared to breeding days. When THI is higher
than 80 for three to one day before artificial
insemination, the conception rate drops from 30.6% to
23.0%. Morton et al. (2007) noted that the nursing dairy
cows' conception rate was substantially lower during the
hot season (July to September) at 29.5% than it was
during the cold period (October to June), when it was
38.2%. Dairy cows have much lower summertime
conception rates than in other seasons (Flamenbaum
and Galon 2010). Conception rates were adversely
correlated with the maximum ambient temperature on the
day following insemination (Nabenishi et al, 2011).
Summer heat stress has a detrimental impact on dairy
cows' reproductive performance, according to Ghavi et
al. (2013), who also found that summer-calved cows had
lower conception rates and more services per conception
than cows calved in other seasons. The linear regression
of conception rate percentage on THI is y = 0.70 x> - 3.95
x +72.57 (R>=0.75), where x is THI and y is conception
rate %. Heat stresses before and after the breeding day
had a detrimental effect on the conception rate of nursing
dairy cows. The highest detrimental effect of heat stress
on the conception rate was shown 21 to 1 day before
breeding, and the rate of conception dropped from 31%
to 12% when the mean THI was 73 or higher (Schiiller
et al., 2014). In Egypt, the conception rate in purebred
Holstein cows dropped dramatically from 31.6 at the
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smaller THI to 11.5% at the larger THI. The conception
rate in purebred Holstein cows dropped dramatically
from 26.3% at the lower THI to 9.9% at the higher THI
(El-Tarabany and El-Tarabany, 2015). Lacerda and
Loureiro (2015) found that during the months with high
and low temperatures and humidity, the artificial
insemination conception rate ranges from 55% to less
than 10%. Schuller et al. (2017) discovered a correlation
between the mean THI on the day of breeding and the
subsequent conception rate and determined that 73 was
the THI threshold for the impact of heat stress on
the conception rate. According to Polsky and
Keyserling (2017), there are clear seasonal variations in
the conception rate, and the drop in the conception rate
during summer months might range from 20 to 30%. In
contrast to 40-50% at the ideal temperature, the
likelihood of effective fertilization might decrease to
10% during the hottest months of the year. The authors
discovered that when the THI was over 70, a one-unit rise
in THI led to a 4.6% drop in the rate of conception
(Krishnan et al., 2017). During the mild heat stress
phase (THI 73-78), the highest rates of conception were
seen in inseminated cows (41.7%), while during severe
heat stress (THI above 90), the conception rate decreased
to 32.5% (Penev et al., 2020). The later authors
mentioned that the percentage of conceptions dropped
from around 40 to 60% in the colder months to 10 to 20%
or less in the summer, according to the intensity of heat
stress. Wolfensen and Roth (2019) reported that
conception rates dropped from 40 to 50% in months with
higher ambient temperatures to fewer than 10% in
months with lower temperatures. A significant decline in
the rate of conception in dairy cows globally is caused by
heat stress throughout the summer, which interferes with
many reproductive processes. In the summer months,
lactating cows' conception rate was 27.7%, but in the
cold winter months, it was 42.6% (Wolfenson and Roth,
2019). The level of gonadotropin-releasing hormone
released from the hypothalamus is reduced in cows under
acute stress. As a result, cells are less susceptible to the
effects of FSH, LH, and estradiol hormones, and the
gonads release less of these hormones (Marai and
Habeeb, 2010). Reduced levels of gonadotropins,
estrogen, and LH brought on by heat stress disrupt the
regular cycle of estrus and suppress follicular growth,
which accounts for the decline in the conception rate
(Wang et al., 2020).

Global climate change effects on Oocytes

Heat stress can affect an oocyte and hence affect
the fertility of cows. Heat stress affects both the oocyte
quality and the embryo development. Heat stress affects
several parts of the female reproductive tract, including
the follicle, oocyte, and embryo, in manifestations of
cellular activity. Heat stress also impairs oocyte
competence and heat stress is bad for the developing
oocyte throughout the later stages and its ability to
become fertilized. Higher summertime ambient
temperatures have been linked to lower fertility in dairy
animals due to heat stress's detrimental effects on oocyte

maturation (Wolfenson and Roth, 2019). In repeat-
breeder Holstein cows, poor oocyte quality has been
associated with reduced fertility, and heat stress
intensifies this adverse effect (Ferreira et al., 2011). The
damaging consequences of heat stress start when the egg
is still growing and continue through subsequent stages,
affecting the egg's ability to fertilize, the development
and implantation of the embryo, and even the fetal calf
(Hansen, 2009). Summer Holstein cow oocytes through
in vitro fertilization were less competent than winter cow
oocytes to grow into the blastocyst stage (Gendelman et
al., 2010). Furthermore, heat stress results in incomplete
dominance, which promotes the growth of subordinate
follicles while inhibiting the growth of the dominant
follicle (Bajagai, 2011). Heat stress also affects embryo
development and implantation in the uterus, and even
extends toward the developing calf (Sammad et al.,
2019). Oocyte competence is lower in summer than in
winter, as indicated by the developmental rate following
fertilization (Habeeb, 2020a).

Heat stress reduces the quality of oocytes and
modifies follicular steroidogenesis by affecting follicle
selection and lengthening follicular waves. Furthermore,
cows are subjected to heat stress in their ovaries and lose
their ability to fertilize and grow to the blastocyst stage
(Roth ef al., 2001). De Rensis and Scaramuzzi (2003)
state that low levels of insulin, glucose, and IGF-1, which
are essential for folliculogenesis, cause problems with
follicular development, and produce oocytes of low
quality. The synthesis of oocyte growth proteins or the
production of transcripts necessary for later embryonic
development is adversely affected by high temperatures.
Heat stress has the potential to inhibit oocyte formation
through several different methods. The first is the
depression in LH and estradiol production during the pre-
ovulatory surge (Hansen, 2009). Heat stress modifies
follicular development by decreasing the synthesis of
steroid hormones and these modifications in follicular
steroid concentration may cause problems for oocyte
formation (Hansen, 2007). One of the best strategies to
reduce the severity of heat stress is embryo transfer,
which shields the egg and early embryo from its effects
(Kadokawa et al., 2012). The body's natural reaction to
heat stress lowers metabolism by altering blood hormone
levels. Growth hormone, T4, and T3 levels are so reduced,
while noradrenaline and adrenaline levels rise. A tenfold
increase in cortisol levels inhibits oxytocin, resulting in
a decrease in milk supply and an increase in leftover milk
after milking. Furthermore, cortisone inhibits immunity,
delays ovulation, interferes with the estrous cycle, and
decreases the production of milk protein in udder cells
(Aggarwal and Upadhyay, 2013a). The disruption of
gonadotropin secretion under heat stress causes a
reduction in plasma progesterone levels, steroid
production, and follicle formation. These alterations are
related to pre-implantation complications, reduced
oocyte development and embryo survival, and impaired
estrus (Roth, 2020).
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Global climate change effects on fertility and follicular
development

The animal's capacity to become pregnant and
keep it pregnant if inseminated at the right time for
ovulation is known as fertility in farm animals. The
reproductive features of dairy animals have a relatively
low heritability value, indicating that environmental
influence or non-genetic variables affect fertility
(Garcia-Ispierto er al., 2007). The latter authors
reported that heat stress causes oocytes to grow less,
leading to acyclicity and infertility in animals. High-
yielding dairy cows have a lower fertility rate in the
summer than in the winter, and nursing cows are more
adversely affected than heifers due to their noticeably
higher internal heat production (Takahashi, 2012). Heat
stress on fertility results in a larger percentage of cows
having various kinds of anestrus, a decrease in the
incidence of conception, and an increase in days open.
Heat stress affects the ovary, uterus, gametes, embryo,
and early fetus after pregnancy, which lowers the cow's
capacity to procreate (De Rensis ef al., 2015). The main
cause of the decreased fertility in farm animals is higher
ambient temperatures. Cattle under heat stress have
lower fertility rates, which lowers reproductive
efficiency. The fertilization rate in nursing cows bred
using artificial insemination dropped from 88% in the
winter to 55% in the summer (Hackbart et al., 2010).
The fertilization rate falls when the uterine temperature
rises by 0.5 °C on a hot day (Alejandro ef al., 2014).
Heat stress has been linked to lower fertility in animals
due to its detrimental effects on early embryo
development and oocyte maturation (Dash et al., 2015).
Heat stress reduces fertility by preventing the production
of luteinizing hormone and gonadotropin-releasing
hormone, which are necessary for ovulation and the
expression of estrous activity (Temple et al., 2015). In a
subtropical region, buffaloes are particularly susceptible
to heat stress fertility loss over THI threshold 75 (Dash
etal.,2014). According to Biani et al. (2016), heat stress
influences the poor fertility of dairy cows conceived in
the late summer, with low fertility during the months
with high temperatures and humidity. Habeeb et al
(2018) showed that the effects of heat stress on fertility
are negative throughout the summer months. Heat stress
reduces the quality of an ovary cell that may go through
meiotic division to generate an ovum, alters hormonal
balance, disturbs reproductive tract activities, and
ultimately decreases embryo development and survival,
all of which affect dairy cattle fertility (Chawicha and
Mummed, 2022). The different ranges of variables,
including genetic, dietary, hormonal, physiological,
managerial, and environmental or climatic conditions,
might affect fertility (Habeeb et al., 2023).

Due to the suppression of hormones and
proteins linked to reproductive organs and the changes in
tissue and organ functioning, heat stress in dairy cows
can result in decreased fertility (Durmus and Koluman,
2019). The most important variables influencing ovarian
function are the anterior pituitary, the hypothalamus,

gonadotropin (FSH and LH), and the gonadotropin-
releasing hormone. FSH and gonadotropins are
luteinizing hormones that control ovulation, follicular
development, and corpus luteum formation. The release
and activity of luteinizing hormones are decreased by
heat stress (Chawicha and Mummed, 2022).
Physiological and reproductive functions in cows are
both impacted by heat stress; however, the reduction in
fertility is the most notable consequence for dairy
farmers (Sesay, 2023). The synthesis of some proteins
and hormones can be hindered by heat stress, which is
related to decreased fertility (Habeeb et al., 2023).

Concerning follicular development, dairy cow's
follicular growth has been demonstrated to be directly
impacted by heat stress. The quantity of dominant
ovarian follicles in dairy cows under heat stress started
to decrease earlier during the first follicular wave than in
the animals that were cooled, as demonstrated by
Wolfenson and Roth (2019). The heat-stressed animals
had 53% more big follicles than the cooled animals due
to a substantial increase in the total of large follicles in
that animal. The percentage of cows in the heat-stressed
animals and the thermo-neutral animals that had two
follicular waves was 18% and 91%, respectively (Wilson
et al., 1998). The latter authors found that the heat-
stressed animal’s dominant ovarian follicles during the
second follicular wave were either smaller or the same
size as those of the thermo-neutral animals. The
detrimental effects of heat stress on oocyte maturation
and early embryo development have been linked to
decreased fertility in animals (Dash et al., 2016).

Global climate change effects on embryonic
development

The reductions in the number of successful
inseminations increase the risk of early embryo death and
obstruct the embryo's ability to thrive (Rivera and
Hansen, 2001). Compared to the winter, the period
between conception and parturition was 24-67 days
longer, and a body temperature of more than 39 °C might
harm developing embryos from day 1 to day 6 and result
in miscarriage (Bouraoui ef al, 2002). During the
earliest phases of pregnancy development, heat stress
had the most detrimental impact on embryos. In dairy
cows, heat stress impacts embryonic development and
survival. Heat-stressed cows have changed intrauterine
environments, which can lead to implantation failure,
depressed embryonic growth, and embryonic death (De
Rensis and Scaramuzzi, 2003). The vulnerability of
nursing cows to heat stress reduced the growth of
embryos to the blastocyst stage after the first day of
estrus (Demetrio ef al., 2007). The percentage of
embryos that reached the blastocyst stage was lowered in
lactating cows exposed to heat stress on the first day after
estrus. Holstein heifers exposed to heat stress from the
start of estrus had a higher percentage of abnormal and
developmentally disturbed embryos (Khodaei-Motlagh
et al., 2011). Fetal starvation and, eventually, fetal
development retardation under heat stress (Kadokawa et
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al., 2012). Furthermore, a cow may experience heat
stress shortly after fertilization, hindering the embryo's
growth (Paula-Lopes et al., 2012). Cattle's exposure to
high temperatures during the first three or seven days of
pregnancy, or ovulation and oocyte maturation, reduced
the viability and growth of the embryo (Hansen, 2013).
Embryos on the first day are more susceptible to maternal
heat stress than those on days three through seven
(Wakayo et al., 2015). Numerous pieces of evidence
suggest that the bovine embryo is susceptible to thermal
stress from the mother, especially, in the first two weeks
following conception (Lacerda and Loureiro, 2015).
Heat stress, however, negatively affects ova quality,
which may affect the viability of developing embryos
(Hansen, 2015). Heat-stressed cows have altered
intrauterine environments, reduced blood flow, and
elevated uterine temperatures. These modifications will
lower the percentage of successful inseminations in the
summer and raise early embryonic loss (Abrar et al.,
2015). According to Roth (2017), heat stress affects
embryonic development, lowers the appearance of
estrous behavior, changes follicular advance, and grows
the roles of the dominant follicle.

The development of embryos and endometrial
function is restricted by low progesterone levels in heat-
stressed cows. Increased endometrial prostaglandin
production in response to heat stress result in early
corpus luteum regression and embryo loss. Fewer
animals are visible in estrus in heat-stressed habitats
negatively impacts embryonic mortality (Beatty et al.,
2006).

Global climate change effects on abortions and fetal
loss

In normal bovine populations, abortions denote
a harm of reproductive efficiency. Spontaneous abortion
of dairy cows is a progressively significant issue that
significantly adds to low herd viability and production
(Thurmond et al., 2005). In dairy cattle, heat stress
during pre-implantation was strongly correlated with
early fetal death by Lopez-Gatius ef al. (2005).
Moreover, heat load has been linked to early fetal death
between days 21 and 30 of gestation, which is known to
compromise gestation during the per-implantation phase
(Garcia-Ispierto et al., 2007). Cow embryos exposed to
high temperatures until day 7 of gestation had lower
conception rates than those exposed at day 30, and those
exposed at day 42 of gestation had greater rates of
embryonic loss (Demetrio et al, 2007). The same
investigators concluded that the greatest pregnancy loss
occurs between days 8 and 17 in cows exposed to high
temperatures during the early embryonic period. Follicle
and oocyte development in postpartum oestrous cycles
may be slowed down by the endocrine changes caused
by heat stress in the middle to late stages of pregnancy
(Nardone et al., 2010). The frequency of Holstein fetal
loss, abortion, and stillbirth rates rose sharply from 3.6%,
3.8%, and 17.1% with low THI to 7.2%, 5.9%, and
24.9% with high THI, respectively. The rate of

embryonic loss dramatically increased from 11.5% at the
low THI to 22.2% at the high THI (El-Tarabany and El-
Tarabany, 2015). Elevated body temperature in animals
under heat stress raises the temperature in the uterus
because blood flow is restricted in the uterus and is
diverted to the body's periphery to aid in heat removal.
As a result of the uterus receiving less blood, there is a
reduction in the rate of gestation, loss of the embryo, and
availability of nutrients and hormones (Alves et al.,
2017). Age at first service increases in heat stress, silent
heat conditions, longer time to first postpartum
insemination, more inseminations per conception, lower
conception rates, longer number of days open, and a
higher incidence of reproductive issues such as dystocia,
retained fetal membranes, premature abortions, and
weaker calves are among the negative effects of heat
stress (Sammad et al., 2019).

Due to altered intrauterine environments
brought on by decreased blood flow to the uterus and
elevated uterine temperature, heat-stressed cows have
lower rates of successful inseminations, early embryonic
loss and suppressed embryonic development (Rivera
and Hansen 2001). Heat stress lowers the level of
progesterone in the blood, slows down follicle selection,
and decreases the dominant follicle's degree of
dominance. These results imply that heat stress is a major
factor in early embryonic mortality, implantation failure,
and aberrant oocyte maturation in dairy cattle (Khodaei-
Motlagh et al., 2011). In the luteal phase of the pre-
conception estrous cycle, decreased progesterone levels
might impair follicular growth, resulting in improper egg
maturation and premature embryo mortality (Khodaei-
Motlagh et al., 2013). Furthermore, heat stress causes
the endometrium to produce more prostaglandin
secretion (GF,,), which might cause the embryos to die
or the corpus luteam to regress too soon (Abrar et al.,
2015). In heat-stressed cattle, a negative energy balance
can also lead to abnormalities in steroid concentration,
alter the development of germinal vesicles, encourage
the creation of ovarian cysts, and perhaps cause
embryonic death (Herbut ef al., 2018a, b).

Global climate change effects on pregnancy

Heat stress lowered the pregnancy rate in dairy
cows and increased its impact when it lasted longer and
was more intense. Pregnancy rates are significantly
impacted by heat stress. When THI = 78.0, only 39.4%
of dairy cows were pregnant. The conception rate of
dairy cows drops by 1.03% for every unit rise in THI
when it exceeds 72.0 (Lozano ef al., 2005). Heat stress
was linked to lower levels of glucocorticoids, prolactin,
growth hormone, and thyroxin in the blood, which
lowered the conception and pregnancy rate in dairy cows
(Avendano-Reyes et al., 2006). The least-square means
of Holstein cow pregnancy rates and the monthly THI
means recorded throughout the year have a negative
linear ratio, according to Dominguez et al. (2005). This
equation had a determination coefficient (R?) of 0.895,
meaning that pregnancy rates dropped by 0.7% for every
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unit increase in THI. Heat stress during late gestation
significantly lowers the chances of conception and
pregnancy on the day of artificial insemination (Morrill,
2011). Heat stress was one of the main causes of the
notable drop in the pregnancy rate of crossbred cows in
India (Khan et al., 2013). The latter authors revealed that
pregnancy rates in the heat stress group were
significantly lower (20.5%) than in the thermo-neutral
group. Reduced conception rates, reduced estrus length
and intensity, significantly worse oocyte quality, and
decreased pregnancy rates. Oocyte quality and oviductal
function decline in response to heat stress, causing a drop
in the pregnancy rate (Kobayashi er al, 2013).
Pregnancy by artificial insemination reduced from 47%
to 26% when THI increased from < 70 to > 95 units
(Mellado et al., 2013). Moreover, under heat stress, only
less standing heat is recorded, which might eventually
result in a lower pregnancy rate (Temple ef al., 2015).
The pregnancy of buffalo significantly declined at the
threshold of THI 75, while the pregnancy rate in dairy
cattle was shown to drop above THI 72 (Dash et al.,
2015). In cows that were exposed to the sun and those
that were not, Alves et al. (2017) found that heat stress
affected the pregnancy rate in cows that were exposed to
the sun by 51.85% and 70.37%, respectively. THI states
that high humidity and temperatures harm feed intake
and hormone levels, which affects dairy cow pregnancy
(Brown et al., 2016).

Global climate change effects on pre-partum period
Heat stress during the dry season has a
detrimental impact on dairy farm profitability. So heat
stress at any time during the dry period shortened the
length of the dry period and the gestation period (Fabris
et al., 2019). Dry animals are mistakenly believed to be
less susceptible to heat stress therefore; dry cows receive
little protection from heat stress. Abrupt physiological,
dietary, and environmental changes occur during the dry
period, adding to the stresses (Bajagai, 2011). These
alterations may make the cows more vulnerable to heat
stress and impact their fertility, milk supply, and
postpartum health. The dry phase is important since it is
associated with fast fetal growth, induction of milk, and
mammary gland involution and subsequent development
(Sesay, 2023). During pre-partum time, heat stress may
have an impact on endocrine responses that might lead to
an increase in fetal abortions, a shorter gestational
period, a decrease in calf birth weight, and a reduction in
the maturation of follicles and oocytes related to the
postpartum reproductive cycle (Nardone ef al., 2010).
The calving season impacts the length of time cattle
serve, and summer-calving cows had the longest service
periods (Dash e al., 2015). Pre-partum heat stress may
raise blood levels of non-esterified fatty acids while
lowering thyroid hormones and placental estrogen levels.
These changes may impact the development of the
placenta and udder, the nutrition provided to the
developing calf, and the subsequent milk supply
(Habeeb, 2020b). According to Habeeb (2022a,b),
dairy cows that were subjected to heat stress during their

late gestation gave birth to calves that weighed less and
produced less milk than cows that were not.
Additionally, heat stress harms feed intake and metabolic
rate in the early postpartum period, which may make it
more difficult for dairy cows to increase their output after
giving birth (Marai and Habeeb, 2010).

Global climate change effects on male reproductive
performance

The side effects of heat stress on reproductive
function compromise the fertility of both males and
females. The fertility of a bull is just as important as that
of an egg in fertilizing it to create a viable, healthy, and
genetically potential conception because males make up
over half of the herd. Bull testes are known to need to be
2-6°C lower than the body's core temperature to produce
viable sperm. Therefore, high testicular temperatures
caused by heat stress may change seminal and
biochemical properties, potentially leading to
reproductive problems in bulls (Habeeb ef al., 2018).
Seasonal differences in semen quality, sexual behavior,
hormone profiles, and testicular volume impact male
reproductive success (Cardozo et al, 2006). High
temperatures often interfere with the oxidative
metabolism of glucose in sperm cells because of
mitochondrial malfunction, the accumulation of reactive
oxygen species, and enhanced lipid peroxidation. The
rise in primary defects in sperm is indicative of this
(Nichi et al., 2006). Balic et al. (2012) found that
Simmental bulls revealed deterioration in semen quality
due to summer heat stress and the younger bulls are more
vulnerable to the high air temperatures in the summer.
Mishra et al. (2013) found significant differences in the
membrane integrity status of fresh spermatozoa between
four different breeds of bulls compared to spermatozoa
that were not subjected to heat stress. Bhakat et al.
(2014) revealed a noteworthy seasonal variation in the
properties of semen. The authors noted that semen
quality was best in the winter, bad in the summer, and
intermediate during the rainy season. Therefore, heat
stress dramatically affects male conception and fertility
rates per insemination, which in turn lowers male fitness.
In Africa, the quantity, concentration, total number, and
percentage of normal sperm cells decreased in bulls
during the hot season. Subtropical summers cause
identical kinds of animals to lose weight, size, tone,
scrotal circumference, and testicular consistency
(Chauhan and Ghosh, 2014). Heat stress causes sperm
concentrations to drop, motility to decrease, and sperm
abnormalities to increase (Katie er al., 2016). Male
libido and reproductive performance are reduced in high-
temperature times. Testicular bulk, texture, and diameter
variations are the problems found during external
assessment (Alves ef al.,, 2017). Reduced sperm
production, both in quantity and quality and decreased
fertility are the most noticeable impacts of heat on male
animal reproductive systems. Regarding the impact of
heat stress on bulls, reduced ejaculate concentration,
motility, vigor and counting of live spermatozoa; lower
quality of semen is noted (Habeeb et al, 2018).
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However, Cheng et al. (2022) did note that severe
declines in sperm count and semen quality may also
occur in male animals. Almost half of the year is spent in
extremely high temperatures for dairy cows during the
hot summer months. Their ability to reproduce and
produce is diminished by these circumstances, which
promote sudden alterations in their biological processes.
Consequently, to perform at your best in a hot setting,
management strategies are required to decrease the
impacts of temperature stress conditions, particularly in
the summer (Habeeb et al., 2023).

Alterations in the processes of spermatogenesis
and steroidogenesis result in testicular degeneration and
fibrosis, which in turn cause a loss in fertility, sperm
mutation, sterility, and germinal epithelium degradation.

Second: Global Climate Change Effects on Milk Yield
and Milk Composition
Global climate change effects on milk yield of dairy
cattle

For dairy production, both intensive and semi-
intensive, to remain sustainable, climate change is a
crucial factor that has to be considered in the majority of
nations. Climate change, especially global warming, will
have both direct and indirect effects on farm animal
welfare and health (Ghosh et al., 2017). Farmers and
livestock producers are extremely concerned about heat
stress since it results in significant financial losses for
animals' reproductive and production characteristics.
Dairy producers suffer significant financial losses as a
result of heat stress as it lowers feed intake, milk output,
growth rate, and reproductive function, particularly in
tropical nations. Climate change has a significant impact
on the daily milk output. A reduction in milk production
is the first obvious consequence of heat stress. The milk
production of Friesian cows decreased by 30% in the hot
environment (38 °C) compared to the mild climate
(18°C) (Kamal et al., 1989). When THI readings are
more than 72, Holstein cow’s milk output drops by
between 10 to 40% (Du Preez et al., 1990). Buffalo
produced higher-quality milk in the winter than in the
summer, according to research that found a 16.6% drop
in the total mean milk supply over six lactation numbers
(Habeeb et al., 2000). For a THI <72, the average test-
day milk yield was around 26.3 kg; for a THI >72, the
yield dropped by approximately 0.2 kg for every unit
increase in the index (Ravagnolo et al., 2000). In the
Mediterranean climate, milk production decreased by
21%, and dry matter intake decreased by 9.6% when the
THI value rose from 68 to 78. The authors concluded that
the milk yield exhibited a decline of 0.13 kg in each cow
for one milking per rise in THI unit (Bouraoui et al.,
2002). Ominski er al. (2002) found that short-term,
moderate heat stress in the spring and summer harmed
lactating cow performance. West (2003) reported that a
1°C increase in the environmental temperature over the
thermal neutral zone results in a 0.85 kg drop in feed
intake and lowers milk yield by about 36% and
concluded that dairy cows yielded 0.2 kg less milk for
every unit rise in THI over 72. The latter author found

that at temperatures outside of 35°C and 40°C,
respectively, the quantity of milk was reduced by 33%
and 50% and decided that dairy cows with higher yields
are more susceptible to heat stress than animals with
lower milk production potential genetically. The
livestock sector suffers substantial revenue losses once
milk yield declines by 10-35% during the hot summer
season and, milk yield drops two days after heat stress
(Spiers et al., 2004). The latter authors found that the
output of milk in dairy cows under heat stress decreases
by 35% in medium-lactation cows and only by 14% in
early-lactation cows and concluded that milk output
drops by 0.41 kg/cow/day for every THI unit increase
over 69. The study of Joksimovié¢-Todorovi¢ e al.
(2011) revealed that a statistically significant difference
in milking capability between the spring and summer
seasons in Holstein-Friesian cows. Compared to the
summer (39.60 L), the springtime season saw a
considerable increase in the average milk output per cow
(42.74 L) and concluded that the high-yielding dairy
cows are more vulnerable to the effects of heat during the
beginning of lactation. In Germany, Briigemann et al.
(2012) found that, depending on the region, milk yield
decreased by 0.08 to 0.26 kg for each increase in THI
units. In the Polish study by Herbut and Angrecka
(2012), the daily milk output dropped from 0.18 to 0.36
kg per THI unit as the THI value increased. As the THI
values increased from 64.21 in the spring, 66.36 in the
fall, and 42.34 in the winter to 79.31 in the summer, the
heat stress of hot summer decreased the daily milk
production of Holstein-Frisian cows in Serbia by 1.32,
0.92, and 1.27 kg (Smith et al, 2013). According to
Aggarwal and Upadhyay (2013b), heat stress was
responsible for 3-10% of the difference in lactation milk
output. Dairy cows experiencing heat stress produce 25%
to 40% less milk due to reduced feed intake (Baumgard
et al., 2011). Heat stress increased the THI values from
59.82 in the winter season to 78.53 in the hot summer
season, and this was interpreted into the reduction in the
total (305 days) and daily milk output of 39.0% and
31.4%, respectively (Gaafar et al., 2011). The impact of
various THI (30-40, 41-50, 51-60, 61-70, 71-80, and 81-
90) on Iranian Holstein cows' reproductive and
productive abilities is examined by Ghavi et al. (2013).
According to the authors, dairy cows in THI groups 81—
90 produced less milk and fat than those in other THI
groups, whereas cows in THI groups 30—40 and 41-50
made the most milk and fat. y = -1.48x + 24.54 (R? =
0.88) and y = -0.03x + 0.73 (R? = 0.83) where x is THI
and y is milk yield kg/day and fat yield kg/day, are the
linear regressions of milk yield and milk fat yield on THI,
respectively. The findings showed that the milk output
and composition of dairy cows were adversely impacted
by summer heat stress. According to Kamble ez al
(2014), Murrah buffaloes calving in the winter had the
greatest peak milk output when compared to buffalo
calving in the rainy and summer seasons. Buffaloes
calving in the winter had the maximum milk output
(1257.15 L/month), whereas those calving in the rainy
and summer seasons had lactation yields of 1088.00 and
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982.42 L/month, respectively. Tao and Dahl (2013)
stated that high- temperature stress adversely influences
the rate at which the cows' mammary cells regenerate
throughout the dry season. As to the findings of Rajeb e?
al. (2016), there is a 2.31 kg drop in dry matter intake and
a 5.59 kg decrease in milk production when THI levels
increase from 65.6 to 83.2. Heat stress reduces milk
output by 25 to 40%, according to Tao et al. (2017), with
the decreased feed intake accounting for half of the
decline in milk synthesis. THI is a single number that is
frequently used as a useful indication of the level of stress
on farm animals' ability to reproduce and be productive
in hot climates worldwide. Additionally, compared to
spring, autumn, and winter, forage consumption dropped
by 1.63, 1.42, and 1.25 kg during the hot summer
(Kényves et al., 2017). According to Reyad et al
(2016), Holstein Friesian crossbred cows in Bangladesh
had the greatest milk output and milk content values on
average in October and the lowest values in July because
of the high THI value. According to the authors, milk
output and THI are negatively correlated. The degree of
heat, the time of lactation, and the genetic potential of the
cow to make milk all influence how heat stress affects
milk production. Habeeb et al. (2018) suggests that dairy
cows with high productivity lose more milk than cows
with medium or low production when heat stress occurs.
The production of milk decreases significantly with an
increase in temperature and humidity. The daily milk
production decreases (from 15 to 40 kg/d) in the more
productive cows as the THI increases from 72 to 80
(Summer ef al., 2019). In Tunisia, the milk output per
milking of Holstein cows was 24% lower in the summer
(THI = 77) than in the thermoneutral circumstances (THI
= 54). The yields of milk, fat, and protein decreased by
0.13 kg, 0.4 g, and 0.3 g per milking for every unit
increase in THI, respectively according to Amamoua et
al. (2019). The authors reviewed that there is a 21% loss
in milk output at THI levels between 68 and 78, and for
every unit of THI over 69, there is a 0.41 kg drop in milk
production per cow per day. The next authors report that
the milk yield (14.75 kg) in the summer (THI = 78) was
lower than the milk output (18.73 kg) of Holstein cows
in the spring (THI = 68). The milk protein levels also
decreased as the THI value increased. When the THI
rises above 68, Tao et al. (2020) reported that there are
noticeable declines in milk output. The maximum
amount of milk produced by cows per day under ideal
temperature circumstances was 45.62 kg, and it was
shown that when THI levels increased, cow milk
production fell (Penev ef al., 2021). When the average
THI for the heat stress period was 83, 62, 72, 77, and 64,
Demir and Yazgan (2023) found that the annual loss in
milk production for a single cow was calculated to be
98.25, 157.68, 207.36, 164.30, and 190.08 kg,
respectively. Furthermore, THI's corresponding losses in
milk output per unit increase were 0.07, 0.08, 0.09, 0.07,
and 0.08 kg. According to Michael et al. (2022), cows
exposed to ambient temperatures that exceed their
comfort zones may have a 10-40% decrease in milk
output. Garner et al. (2017) found that the cows given a

4-day short-term temperature and humidity challenge
reduced their dry matter intake by 48% and their milk
output by 53% compared to the cows kept in thermo-
neutral circumstances. On day seven, following a brief
challenge in temperature and humidity, the cows' milk
output returned to pre-experimental levels. On the fourth
day of the post-experimental phase, the animals began to
eat dry materials. Heat stress also lowers milk yield in
the successive lactation in dairy cattle during the dry
season, when animals are not lactating. In addition,
higher milk-producing cows will be more susceptible to
heat stress than lower- or dry-producing cows (Fabris et
al., 2017). The THI value is 68 ° F or above, the heat
stress begins to manifest and becomes dangerous when
THI reaches 79/80 °F (Habeeb et al., 2018). Yerou et al.
(2021) revealed that the Holstein cows in the semiarid
Mediterranean area of western Algeria reduced their
daily milk output and dry matter intake by 17.6% (17.6
vs. 13.8 kg/day) and 22% (16.2 vs. 12.6 kg/day),
respectively, as the THI climbed from 71.7 in the spring
to 83.6 in the summer. Regression analysis revealed a
negative correlation between THI score and daily milk
output (kg/day) = -0.36 x THI + 40.8 (1> = 0.72; P<0.01).
The authors determined that milk output declines by 0.36
kg per cow per day for each point rise in the value of THI
over 71.7. Chanda et al. (2017) examined the effects of
heat stress on the composition and milk output of
Holstein-Friesian crossbred cows under both hot and
cold conditions. The authors found that the average milk
production during the cold season was much higher than
during the warmer period. The impact of heat stress on
the milk production of imported Holsteins compared to
the milking records of local Holsteins under heat-stress
circumstances was investigated by Ouarfli and Chehma
(2021). The authors discovered that a considerable drop
in milk output was caused by an increase in THI levels,
with an average regression rate of -15.51%. The average
amount of milk produced per unit of THI slightly
declines under these circumstances, around -0.29
kg/THI. The native Holstein cow can adapt to the climate
of the Sahara and is less susceptible to overheating.

Global climate change effects on milk composition of
dairy cattle

The average yields of total solids, fat, protein,
ash, and lactose in Friesian cows maintained at
temperatures below 38°C were lower than those kept at
thermo-neutral ambient temperatures (18°C). The
observed decreases were 28.0%, 27.0%, 7.0%, 22.7%,
and 30.0%, respectively (Habeeb et al., 1989). The milk
produced by buffaloes in the winter season was of higher
quality than the milk produced in the hot summer season.
The total solids, butterfat, protein, and lactose levels of
milk significantly decreased in the summer season due to
the greater outside temperature (Habeeb et al., 2000).
The test yields for fat and protein were 0.92 and 0.85 kg
at a THI, respectively, and decreased at a rate of 0.012
and 0.009 kg per degree of the index (Ravagnolo et al.,
2000). Summer-calving cows exhibited lower fat
(3.24%) and protein (2.88%) content than winter-calving
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cows (3.38% and 2.69%, respectively) (Bouraoui et al.,
2002). According to Nardone ef al. (2006), of these,
20% experienced health issues that may have been
caused by a disruption in the internal homeostasis
process, and 80% had reduced productivity. Joksimovi¢-
Todorovi¢ et al. (2011) observed that in Holstein-
Friesian cows, the amount of milk fat was significantly
greater in the spring (3.25%) compared to the summer
(2.62%). The milk also had a higher protein content in
the spring (3.15%) compared to the summer (2.75%).
Heat stress significantly reduced the composition of milk
during the summer months in Egypt. In comparison to
the winter season, the percentages of fat, protein, lactose,
solids other than fat, total solids, and ash decreased by
7.92, 4.06, 3.97, 4.03, 5.21, and 5.63%, respectively
(Gaafar et al, 2011). Bernabuccier al (2015)
demonstrated a significant decrease in milk fat during the
hot summer season (3.20 g/100 g) compared to winter
and spring levels (3.80 and 3.61 g/100 g, respectively).
Both the casein and milk protein levels of cows kept in
heat-stressed environments tend to decline. In
comparison to the hot summer season (2.27 g/100 g), the
same authors discovered that the milk casein
concentration was greater in the winter (2.75 g/100 g)
and spring (2.48 g/100 g). Cowley et al. (2015) found
that milk produced by cows under heat stress had lower
protein levels than milk from cows housed at normal
temperatures. The decline in milk protein content is
mostly associated with the direct consequences of heat
stress rather than a decrease in feed consumption.
According to the same authors, cows raised in pleasant
settings had a higher quantity of casein in their milk than
the group that experienced heat stress (28.1 vs. 26.8 g/L,
respectively). Amamoua et al. (2019) found that the
yields of fat, protein, and milk dropped by 0.4 g, 0.3 g,
and 0.13 kg per milking, respectively, for every unit
increase in THI. The authors concluded that protein, fat,
and milk products have a negative connection with THI
and a continuous decreasing trend throughout THI levels.
The protein fraction analysis also revealed reduced
amounts of immunoglobulin G, immunoglobulin A,
casein, and lactalbumin. According to Chen et al
(2024), heat stress reduced the amount of milk protein,
dry matter intake and milk efficiency but did not affect
milk fat content. Dry matter intake, milk efficiency, and
milk protein showed substantial reductions of 19.3%,
17.9%, and 3.9%, respectively. The authors confirmed
that there was a significant relationship between the
drops in these parameters and the rise in THI. The dry
matter intake and milk efficiency during the heat stress
period were decreased by 4.13% and 3.25%,
respectively, for every unit increase in THI.

How global climate
production and composition
Most studies suggest heat stress negatively
impacts milk production, primarily due to reduced feed
intake and altered hormone concentrations (Prathap et
al., 2017). The profound alterations in biological
processes brought on by heat stress result in a 50%

change effects on milk

reduction in milk production and reproduction (Habeeb
et al., 2018). The reproductive and productive capacities
of the animals are negatively impacted by reduced feed
intake, feed efficiency, and feed utilization, as well as
abnormalities in the water, protein, energy, and mineral
balances, enzymatic activity, hormonal secretions, and
blood metabolites (Habeeb, 2022a, b). Several reasons
for decreased milk production include altered hormone
profiles, altered energy metabolism, and elevated body
temperature that reduce feed intake (Collier et al., 2008).
Research has demonstrated that heat stress modifies the
mammary gland, affecting milk production in dry cows
during subsequent lactations (Carabaiio et al., 2019).
The physiological integration of several organs and
systems, including the immunological, digestive,
endocrine, and cardiorespiratory systems, is necessary
for adaptation to heat stress (Asres, 2014). The heat
generated internally by the food metabolism and the
ambient temperature affect cows. However, when feed
consumption and milk output rise, more heat is generated
during nutrition metabolism, exacerbating any heat stress
brought on by external factors. According to Nardone e?
al. (2006), cows with higher milk production would thus
experience heat stress before those with lower milk
output or dry cows. Reduced food intake, abnormalities
in mineral balance, enzymatic reactions, hormone and
metabolite production in the blood, and metabolism of
proteins and energy are all brought on by excessive heat.
Dairy cows under heat stress had worse feed efficiency,
lower milk output, and lower dry matter intake (Gantner
et al., 2011). The ideal temperature for breastfeeding
relies on the breed, species, and heat-tolerance level. For
Holstein cattle, the temperature must be over 21° C to
cause a drop in milk output; for Brown Swiss and Jersey
cattle, the temperature must be between 24 and 27° C
(Baumgard et al., 2011). The highest critical
temperature for lactating cows is between 24 and 27 °C.
High-producing dairy cows suffer when the THI rises
over 72 since this is a frequent indicator of stress levels
(Patel et al., 2018). According to Kadzere et al. (2002),
the optimal temperature range for lactating cows is
between 5 and 25 °C, as this is when milk production
peaks. The number of hours over the previous four days
when THI exceeded 74 and above THI 80 on the day
before were the most important factors impacting milk
output in South Carolina during hot weather (Ghosh et
al., 2017). Heat stress hurts feed intake, harms
reproductive capacity, and reduces milk production
(Prathap et al., 2017). In addition, heat stress during the
dry season could stimulate mammary gland involution
coupled with apoptosis and autophagy; a lower quantity
of mammary epithelial cells might finally cause a fall in
milk production (Prathap et al., 2017). Moreover, heat
stress can lead to endocrine imbalances, which can
impact milk production by changing the levels of
prolactin, thyroid hormones, glucocorticoids, growth
hormone, estrogen, progesterone, and oxytocin (Habeeb
etal.,2023).
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According to Habeeb et al. (2023), in Figure 2,
metabolic abnormalities brought on by heat stress result

in decreased milk production, growth, and reproductive
rates.
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Figure 2: Pathways of heat stress syndrome in an animal under hot climatic conditions (Habeeb et al., 2023).

Heat-stressed animals through
thermoregulatory processes may attempt to lower their
body temperature, which might impact feed conversion
efficiency and lower milk production (Habeeb et al.,
2023). Heat stress causes an increase in body
temperature, which may impact the mammary gland's
ability to synthesize fat. Internal metabolic heat
generation during lactation alters the milk composition
and reduces milk production. The many components of
milk, including fat, solid-non-fat, protein, casein, and
lactose content, can all be impacted by heat stress
(Prathap et al., 2017). Furthermore, ongoing climate
change and global warming are predicted to contribute to
the burden of heat stress experienced by cows (Saizi et
al., 2019). In suckling Friesian calves, Gaafar et al.
(2021) observed a substantial reduction in the
digestibility coefficients of the nutrients, feeding values,
and feeding intake in the summer ration. The same
authors concluded that, in some locations, the effects of
climate change on livestock systems would be
particularly severe due to decreases in feed quality and
quantity, resulting in lower feed intake. Dairy cows may
have a 50% decrease in milk production due to the heat
stress response, which profoundly alters post-absorptive
lipid, protein, and carbohydrate metabolism as part of
decreased feed intake (Baumgard and Rhoads, 2013).
Only 35-50% of the decrease in milk production may be
attributed to decrease dry matter consumption, according
to Baumgard et al. (2011). Heat stress is the second
element that lowers productivity because, as Slimen et

al. (2016) explain, it causes the body to reorganize how
it uses resources like fat, protein, and energy. High
outside temperatures reduce farm animals' ability to
reproduce and milk production. In certain regions, the
effects of climate change on livestock systems may be
particularly severe due to reductions in feed quality and
quantity, which would result in lower feed intake (West,
2003). According to Rhoads ef al. (2009), dairy cows
under heat stress eat less and also use fewer nutrition
components. According to Gao et al. (2019), heat stress
exacerbates oxidative stress, which alters the molecular
and metabolic activity of cells that make up the
mammary secretory tissue and decreases their ability to
produce milk components. Reactive oxygen species
levels rise due to the oxidative stress in many animal cells
and tissues, which has detrimental effects on regular
bodily functions and metabolism. The animal body
contains antioxidants, including enzymatic and non-
enzymatic that enhance the animal body's reaction to heat
stress (Das et al., 2016). The negative effects of heat
stress on dairy cows include oxidative stress,
hyperthermia, and other physiological abnormalities.
Consequently, it could be possible to reduce large
financial losses brought on by heat stress by finding
specific genomes or gene markers linked to heat
tolerance and genetically selecting animals having those
genes (Sesay, 2023). Figures 3 and 4 of Thatcher et al.
(2010) and Thornton et al. (2015), respectively,
illustrate THI and the effect of heat stress on dairy animal
milk output.
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In heat-stressed nursing cows, a loss of energy,
substrates, and hormones may be the reason for the drop
in milk production and composition. Additionally,
compared to an environment at 18° C, cows consume
digestible energy 35.4% less efficiently, and as a result
of heat stress, their heart and respiratory rates rise,
requiring more care. Additionally, elevated maintenance
costs, anticipated to be 20% higher at ambient
temperatures of 35°C, result in decreased energy
efficiency for milk production during hot weather (West,
1993). A negative nitrogen balance results from the
inability of protein synthesis to offset protein catabolism
under certain circumstances. Protein catabolism is
caused by an increase in glucocorticoid hormones, which
causes the breakdown of protein tissues (Habeeb et al.,
2018). The increase in glucocorticoid hormones might be
due to an increase in gluconeogenesis, which is the
process that changes amino acids into their
corresponding a-keto acids. Increases in catecholamines

or decreases in insulin are required for protein anabolism,
and can potentially result in tissue damage (Habeeb,
2020a, b).

We advise eating in the early morning and late
evening, when digestion is at its best, three to four hours
after meal intake, to avoid the hottest part of the day.
Cows must be shaded from the sun by fans and sprinkler
systems; fed high-quality feed with sufficient amounts of
proteins, fats, minerals, and vitamins; fed smaller rations
multiple times a day during the colder months; feeders
must be cleaned to prevent ration spoilage; and cows
must have access to an endless supply of clean, cold
water.

CONCLUSION

The welfare and production of dairy cattle are
greatly influenced by heat stress due to climate change.
Extended periods of high environmental temperatures
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with high relative humidity make it more difficult for
lactating cows to expel extra body heat. Heat stress for
dairy farms is expected to rise in the future due to the
uncertainties around future global warming, making
cows less heat tolerant. Heat stress is a significant issue
that impacts farm animals' ability to reproduce virtually
everywhere on the globe. The age at first service, silent
heat conditions, the number of inseminations per
conception, the number of days open, and the incidence
of reproductive problems such as dystocia, retained fetal
membranes, premature abortions, weaker calves, and
lower conception rates are all increased by climate stress.
Cows exposed to heat stress conditions reduced dry
matter intake and milk production efficiency. In hot,
humid settings, dairy cows produce less milk with worse
quality characteristics. The consequences of heat stress
on bulls include a detrimental impact on the amount and
quality of semen, as well as its physical and chemical
properties.
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