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Abstract: This review summarises current knowledge of the relationship between heat stress (HS) and repro-
duction in cattle. It focuses on research from the viewpoint of genetics (breed), from the viewpoint of reproduc-
tion physiology (in vivo and in vitro) and from the animal husbandry practice. From the viewpoint of animal
husbandry, it was evidenced that heat stress influences reproduction before, during and after conception. Most
publications suggest the negative impact of heat stress on the reproductive physiology of cows reflected in ovarian
and follicular activity, in oocyte and embryo development, as well as in other processes studied under in vivo or
in vitro conditions. There are also a number of products that the cell creates in response to heat stress, which is
used as indicators of the stress (e.g. heat shock proteins). A number of publications also focus on how to prevent
heat stress on the farm (e.g. shade, water shower) or during in vitro procedures, including the supplementation
of the culture media with antioxidants like melatonin. Research of heat stress is very important in cattle bree-
ding for preventing and reducing its effects on the farm and also in the context of climate changes and global
atmospheric warming.
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Introduction animals is an essential topic as it affects cattle in both

tropical areas and areas with a moderate climate

In general, there is an effort to create the best
possible conditions for the rearing of cattle. In this
regard, there is a number of factors negatively af-
fecting production, reproduction, health and oth-
er traits. One serious factor is heat stress, which
has adverse effects on animal health, with a dete-
rioration in production and reproduction leading
to economic losses. The impact of heat stress on

with fewer days of exposure to high temperatures
(Schuller et al. 2014). Research in this area is very
important, mainly in the context of climate changes
and global atmospheric warming. Current climate
analysis indicates an increase in human-induced
warming by 0.2 °C per decade and estimates an in-
crease in temperature by 1.5 °C between the years
2030-2052 (Allen et al. 2018). World climatic

Supported by the internal grant of the Palacky University (IGA_PrF_2021_019).

293



Review

Czech Journal of Animal Science, 66, 2021 (08): 293-301

changes could lead to increased heat stress in cows
and decreased production, reproduction and other
traits (fitness, profitability).

Reproduction in cattle breeding is connected
mainly with the turnover of the herd and is a key
point in the livestock economy. Heat stress is one
of the factors affecting reproduction. In general,
heat stress is related to many problems, which can
also be reflected in the significant economic losses
in cattle breeding. Therefore, it is necessary to pay
considerable attention to heat stress and to create
the best possible environment for the animals.

Itis important to distinguish between heat stress,
temperature stress and thermal stress. Heat is en-
ergy (in Joule) transferred from one object to an-
other (e.g. through conduction, radiation etc.),
whereas temperature is a measure of energy (in
Kelvin or in Celsius). From this point of view,
heat stress is the negative effect of high external
thermal energy on an individual (McGregor and
Vanos 2018). On the other hand, thermal stress
in animal physiology includes both heat and cold
stress. In this context, a variety of stress indexes
have been proposed, based mainly on maximal
daily temperature and daily humidity (tempera-
ture-humidity index: THI).

The effect of heat stress has been confirmed
for a number of physiological functions in both
male and female animals. The present review fo-
cuses on the evaluation of heat stress consequences
in cows from the viewpoints of genetics (breed),
reproduction physiology and animal husbandry
practice. Finally, we outline a possible preventive
solution to heat stress or minimisation on the farm.

The role of genetics (breed) in animal
tolerance to heat stress

It is evident that genetics plays a crucial role
in the resistance of cows to heat stress. Genetic pre-
disposition and thermo-tolerance of certain breeds
can have an impact on the response of animals
to heat stress, and therefore this factor (genetic
and breed) must be considered. The characteris-
tics of the hair coat (due to specific genes) play
an important role in thermoregulation. Research
in this area has provided evidence mainly due to the
study of the “slick” gene described in Senepol and
in Carora cattle (Olson et al. 2003). Animals carrying
the dominant allele of the slick gene have a short,
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sleek hair coat. The slick locus has been localised
on chromosome 20 (Mariasegaram et al. 2007), and
cows that carry this gene are able to effectively reg-
ulate body temperature. This was confirmed in the
Senepol breed and their crosses, including Holstein
cows (Dikmen et al. 2008).

Thus, breed and genetics is a very important fac-
tor in the resistance of cows to heat stress. From
this point of view, Silva et al. (2013) studied the ef-
fect of heat stress on the development and quality
of embryos of Bos taurus (Jersey and Angus) and
Bos indicus (Nellore), and they confirmed the hy-
pothesis that the Bos taurus breeds are more affect-
ed by heat stress than the thermotolerant Nellore
breed. Similarly, Rocha et al. (1998) tested the hy-
pothesis that there would be a difference in the
heat stress response between Bos taurus (Holstein)
and Bos indicus (Brahman). The cows (Hol-
stein, Brahman) in this study were superovulat-
ed; subsequently, the oocytes were aspirated and
subjected to in vitro maturation and fertilisation.
A significant relationship between heat stress and
oocyte development was found only in Holstein
and not Brahmans. In particular, Holstein cows
showed a lower percentage of collected normal oo-
cytes in the hot season versus cold season: 24.6% vs
80.0% (Brahman 77.0% vs 83.3%), fertilised oocytes
developed to the 8-cell: 1.1% vs 44.4% (Brahman
69.9% vs 71.3%) and to the morula stage: 0.0% vs
34.2% (Brahman 58.1% vs 55.5%).

As mentioned above, an important role in the re-
sistance of cows to heat stress is played by genetics
(breed). Hence, efforts have been made to imple-
ment heat tolerance in cattle breeding programmes.
In this regard, to overcome heat stress consequences
in Australian dairy cattle, a new genomic breeding
value for heat tolerance in Australia was established
which enables the selection and improvement
of this important trait (Nguyen et al. 2017).

Heat stress from the viewpoint
of reproduction physiology (under in vivo
or in vitro conditions)

Research under in vivo conditions

Reproduction, in relation to heat stress, can
also be evaluated from physiological aspects, such
as ovarian activity, oocyte quality, follicle size etc.
This research under in vivo conditions plays a cru-
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cial role in understanding physiological aspects
of reproduction.

The negative effect of heat stress on the physi-
ology of both male (bulls) and female (cows; heif-
ers) reproduction has been described in a number
of studies. The impact of the hot summer period
on the reproduction of bulls is manifested mainly
by a deterioration in sperm quality (Dolezalova
et al. 2016; Biniova et al. 2018; Zubor et al. 2020).
Concerning female reproduction, an association
between heat stress and ovarian activity, the num-
ber and quality of oocytes and transferable embryos
can be probably reflected in other reproduction
problems (Schuller et al. 2017; Bezdicek et al. 2019).
Further, it will provide evidence on the influence
of heat stress on ovarian activity and embryo de-
velopment under in vivo conditions in different
regions (tropical or moderate climate) and using
other methods.

The relationship between stress factors and the
spontaneous reduction of corpora lutea was stud-
ied in north-eastern Spain by Lopez-Gatius et al.
(2010). These authors assumed that in the early fe-
tal period, the embryos (including corpora lutea)
are sensitive to stress factors such as the hot season.
Wilson et al. (1998) also reported the negative ef-
fect of heat stress on ovarian activity in Holstein
heifers. The authors performed this study at the
University of Missouri-Columbia in heifers as-
signed to a thermoneutral or heat stress environ-
ment. They concluded that the heifers kept in the
heat-stressed environment, had longer oestrus
cycles (during inhibition of the function of the
dominant follicle and often three follicular waves)
in contrast to the heifers in a thermoneutral zone
(22.9 £ 0.7 vs 20.5 + 0.7 days). Heat stress was also
studied in the moderate climate in central Europe,
where high temperatures may last only several days.
In particular, Bezdicek et al. (2019) studied the ef-
fect of mild heat stress on superovulated Holstein
cows in the Czech Republic (moderate tempera-
ture climate) in a three season period: hot (mean
THI = 75.7); optimal (mean THI = 65.9) and lower
temperature season (mean THI = 45.6). The au-
thors concluded that the hot season could nega-
tively influence ovarian activity (number of corpora
lutea) and the number of transferable embryos
in superovulated cows.

Schuller et al. (2017) studied the influence of heat
stress on follicle size in dairy cows in Germany
(also a moderate temperature climate). The fol-
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licles, corpora lutea and cysts were measured
and studied during oestrus by ultrasonography.
The authors observed that follicular size was de-
creased in stressed cows by 0.1 mm with each incre-
ment in THI. The onset of heat stress was observed
at a THI > 68 (Schuller et al. 2017). The influence
of heat stress on follicle size in Holstein cows
assigned to a shady or non-shady environment
was also studied by Badinga et al. (1993). In ad-
dition to the shade environment, a sprinkler-fan
cooling system was used to cool the cows during
the experiments. It was found that cows kept in the
shade (cooler) management system had larger dom-
inant follicles than those in the non-shade system
(16.4 mm vs 14.5 mm). Moreover, the larger domi-
nant follicles contained more follicular fluid (1.9 ml
vs 1.1 ml). These studies thus confirm the negative
effect of heat stress on the quality of the follicles
in Holstein cows which are characterised by high
milk production and intensive breeding programs.
Whether this effect of heat stress is also true in oth-
er cattle breeds remains to be elucidated.

Research under in vitro conditions

The physiological aspects of reproduction have
been studied in the last years also at the cellular
level (e.g. oocytes) and in the early-stage of em-
bryos (under in vitro conditions). The relationship
between heat stress and oocyte/embryo develo-
pment in vitro was studied by Al-Katanani et al.
(2002), who collected ovaries from Holstein cows
from a slaughterhouse in Florida in warm and cool
seasons. After the in vitro maturation of oocytes
and fertilisation, embryo development up to day 8
was monitored. The authors obtained the following
results in relation to the hot or cold season (hot vs
cold season): number of collected oocytes/per cow:
19.3 vs 25.1; total cell number: 68.7 vs 82.4; blasto-
cyst rate on day 8 from total oocyte number: 11.4%
vs 29.9%; blastocyst rate on day eight from cleaved
embryos: 12.5% vs 34.3%. Al-Katanani et al. (2002)
also reported a higher rectal temperature in cows
during the hot period than during the cold period
(39.8 °C vs 38.7 °C). Rocha et al. (1998) obtained
a lower percentage of collected normal bovine
oocytes (hot vs cool; 41.0% vs 75.9%) and lower
embryo development rate to the 2-cell (45.0% vs
82.4%), 8-cell (21.2% vs 65.4%) and morula stage
(6.0% vs 46.6%) following oocyte fertilisation.



Review

Czech Journal of Animal Science, 66, 2021 (08): 293-301

Sakatani et al. (2013) also found that bovine
embryos at the morula stage are more resistant
to heat shock (40 °C for 8 h) than early-stage em-
bryos, and this resistance may arise as a result
of the accumulation of specific proteins in the
embryos in response to damage caused by free
radicals. Similar conclusions were drawn earlier
by Ortega et al. (2016), who also demonstrated
that heat shock decreases the percentage of in vitro
produced blastocysts developed from heat stress-
exposed zygotes, and this negative effect is sig-
nificantly dependent on the genotype, particularly
in the HSPAIL gene (Ortega et al. 2016).

An important conclusion was also drawn by Ju
et al. (1999), who found that only a higher tem-
perature (43 °C; for 45 min or 60 min) reduced
the formation of blastocysts, expanded blasto-
cysts and hatched blastocysts. In particular, after
60 min of heat shock (43 °C) 9% of embryos de-
veloped to the blastocyst stage compared to 26%
in the control group (39 °C; P < 0.05). In the case
of mild heat shock (41.5 °C), the difference between
the groups was insignificant (27% vs 32%). A similar
tendency was also observed in the case of expanded
and hatched blastocysts (Ju et al. 1999).

Generally, stress is associated with the whole
internal environment of the cell. From this point
of view, some authors have documented cellular
changes in oocytes and embryos after an induced
heat shock under in vitro conditions. These changes
are not only related to some organelles and other
cell structures (e.g. endoplasmatic reticulum, mi-
tochondria, etc.) but also to the production of pro-
tective proteins against thermal stress — heat shock
proteins (HSP). Several authors have studied cellu-
lar changes in bovine oocytes during stress (Tseng
et al. 2004; Zhang et al. 2018; Takehara et al. 2020).
In particular, Tseng et al. (2004) reported that pro-
longed heat stress (2—4 h; 41.5 °C) is associated with
changes in the chromatin configuration, spindle
and cytoplasmatic microtubules. Similar findings
were also reported on porcine oocytes (Ju and
Tseng 2004), where the damaging effect of ther-
mal stress on the cytoskeleton of oocytes was ir-
reversible.

Mitochondria play a significant role in thermal
stress because these are associated primarily with
energy production (ATP) and maternal genetics
(own DNA). In the study by Gendelman and Roth
(2012), an association between season and some
mitochondrial features was found, especially con-
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cerning coenzyme Q10. The authors demonstrated
that under moderate stress, coenzyme Q10 could
improve some mitochondrial features (membrane
polarisation, expression of mitochondrial genes,
mitochondrial distribution) and can also be applied
to improve embryo development in vitro.

Recent research has focused on the endoplasmic
reticulum (ER). ER stress can result in the accumu-
lation of misfolded and unfolded proteins, which
leads to cell homeostasis disruption and, alterna-
tively to apoptosis. One of the ER stress markers is
GRP78 (glucose-regulated protein 78), the HSP70
family member. Takehara et al. (2020) demonstrat-
ed the relationship between the GRP78 expression,
oocyte quality and developmental characteristics,
such as the age of oocytes or dead blastomeres rate
in the blastocysts. Among other ER stress markers,
there are: ATF4 — activating transcription factor 4;
ATF6; XBP1 (x-box binding protein 1), etc.

Thus, the ER plays an important role in the home-
ostasis of eukaryotic cells. From this point of view,
Khatun et al. (2020) reported that the deleterious
effect of ER stress could be reduced in in vitro cul-
ture by the addition of tauroursodeoxycholic acid.
Similarly, Zhang et al. (2018) reported that tauro-
ursodeoxycholic acid is positively related to the
inhibition of ER stress and apoptosis in bovine
nucleus donor cells.

Concerning cellular stress, it is essential that the
whole group of heat shock proteins ranged accord-
ing to molecular size (from 10 kDa to more than
100 kDa) and located in different cellular loca-
tions, e.g. in the cytoplasm (HSP70), mitochondria
(HSP10; HSP60), endoplasmic reticulum (HSP47),
etc. According to Jee (2016), heat shock proteins
prevent the denaturation of various cell molecules
in a stressful situation and maintain cellular homeo-
stasis. HSPs are synthesised not only in response
to heat stress but also found in reaction to (in dif-
ferent animals) other stimuli, such as UV radia-
tion, colds, infections and other factors (Kiriyama
etal. 2001). The breed also plays an important role
in the heat stress response and HSP expression,
as it was shown in the comparison of Sahiwal (Bos
indicus) and Frieswal (Bos indicus x Bos taurus)
cattle (Deb et al. 2014). The study of HSP 90 protein
revealed higher expression in Sahiwal cattle (Deb
et al. 2014), which was associated with significantly
greater viability of the peripheral blood mononu-
clear cells and a greater ability of Sahiwal cattle
to regulate body temperature during heat stress.
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The published studies here demonstrate the nega-
tive effect of heat stress on ovarian and follicular
activity, oocyte and embryo development and other
processes under in vivo and in vitro conditions.
The above-mentioned reports suggest the necessity
to pay more attention to the action of heat stress also
at the cellular level. Significant attention has been
paid in the past years to cellular changes in oocytes
in terms of cytoskeletal elements, mitochondrial ac-
tivity, protection of cumulus cells, DNA changes, ER
stress, as well as the role of heat shock proteins and
other cellular changes during thermal stress. There
are a number of mechanisms (products) by which
the cell protects itself against external higher tem-
peratures or other stress situations, which can be
used as markers (indicators) of thermal stress.

Heat stress from the animal husbandry
viewpoint

The effect of heat stress was evaluated from
the animal husbandry viewpoint for days open
(service period; Oseni et al. 2004), conception rate
(Morton et al. 2007; Schuller et al. 2014), non-re-
turn rate (Al-Katanani et al. 1999; Ravagnolo and
Misztal 2002) and others.

Service-period is a basic term in animal husband-
ry practice representing the number of days from
calving to the next conception. It is comprehensible
in research and practice and therefore used in stud-
ies including those on heat stress. In US Holstein
cows, the relationship between days open and sea-
son has been studied by several authors (e.g. Oseni
etal. 2004), who concluded unanimously that repro-
duction is worse (longer days open) in hot months.
Specifically, Oseni et al. (2004) reported longer days
open in the case of spring calving (March/April;
166 days) and the shortest for calving in the au-
tumn (September/November; 130 days). The au-
thors also found genetic correlations between days
open and seasonal differences with a conclusion
of close correlations (0.90) in both spring/summer
and autumn/winter.

By evaluating reproduction traits in different
animals, the genetic underpinning and individual
genetic differences between animals were shown
to play an important role. Therefore, it is advanta-
geous to use cow-twins to eliminate the influence
of genetic underpinning (influence of an ances-
tor — mother and father). From this viewpoint,
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Bezdicek et al. (2020) used the database of twins
from the embryo transfer for evaluation of the effect
of heat stress on the length of the service period.
The first of the twins was calved during the summer
months (affected by heat stress), and their full sister
(fraternal twins) was calved in the cooler months.
A significantly (P < 0.05) longer service period
was recorded in cows calved in summer months in
contrast to their sisters calved in cooler months
(133.8 days vs 114.7 days). To compare the differ-
ence in the length of service period, the second
group of twin pairs with reproduction only in the
cold season (cold vs cold season; 58 twin pairs)
was also created. No significant difference between
twins in this period was revealed (113.6 days vs
119.4 days; Bezdicek et al. 2020).

The impact of seasonal heat stress on the concep-
tion rate in Holstein cows in Germany was stud-
ied by Schuller et al. (2014). For the evaluation
of heat stress, the THI value (temperature-humidity
index) was used, which included both the ambi-
ent temperature and relative humidity. Although
the authors fixed the threshold for conception rate
at the level of THI = 73, the influence of heat stress
was also found at a lower level of THI. They con-
cluded that the most sensitive period for heat stress
in Holstein cows is in a moderate climate from 21
to one day before the service of cows.

A detailed analysis of the effect of heat stress on
the conception rate was also performed by Morton
et al. (2007) using the data from 16 878 servic-
es of Holstein-Friesan cows located in Australia
(Atherton Tableland, North Queensland) were
evaluated. The authors demonstrated that the con-
ception rate was affected by heat-load not only on
the days before but also after insemination. They
also suggested that management steps to reduce
the heat stress in cows should be implemented
five weeks before and at least one week after in-
semination. From this point of view, Ravagnolo
and Misztal (2002) studied the non-return rate
in Holstein cows and concluded that THI is more
informative about the heat stress of cows on
the day of insemination. Al-Katanani et al. (1999)
evaluated the effect of heat stress on Holstein cows
in the area of north and south Florida. The au-
thors recorded the following in the days —10;
0 and +10, the 90-day non-return rate (for cows
exposed to temperatures > 20 °C vs < 20 °C): 36.5%
vs 60.1%; 41.4% vs 59.6% and 41.1% vs 56.9%. They
concluded that the low 90-day non-return rate is
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associated with heat stress in cows before, after
and on the day of breeding.

The influence of heat stress on reproduction
traits was also studied by Chebel et al. (2004),
who evaluated Holstein cows in the Central Valley
of California, USA. In this study, temperature
(heat stress) was defined as HS1 (at least one day
of maximum temperature > 29 °C; average daily
maximum temperature lower than 29 °C), HS2 (av-
erage daily maximum temperature > 29 °C), and
NH (no heat stress). In particular, the conception
rates in cows from groups HS1, HS2, and NH were
28.8%, 23.0%, and 31.3%, respectively. In the case
of 20 days to insemination, the conception rates
in the studied groups were 27.6%; 23.8% and 39.8%,
resp. Therefore, Holstein cows were more sensi-
tive to heat stress a few days before insemination.
The conception rate was also affected by the par-
ity, number of artificial inseminations, and post-
parturient disease (Chebel et al. 2004).

The relationship between heat stress and con-
ception rate was also studied in a population
of Holstein cows in Mexico. Villa-Mancera et al.
(2011) found lower conception rates (P < 0.01)
in the warmer summer months (July to September;
32.1%) compared to the cooler months in winter
(January to March; 36.9%).

These findings demonstrate the negative im-
pact of heat stress on reproduction in cows from
the animal husbandry viewpoint. This is reflected
in poorer fertility resulting in a prolonged service
period (days open), lower conception rate, lower
non-return rate, etc. On the other hand, there is no
agreement in time period crucial for the manifesta-
tion of heat stress (before, after, or on the day of in-
semination). In particular, Al-Katanani et al. (1999)
concluded that for a non-return rate, the days —10,
0, and +10 are associated with heat stress. Morton
et al. (2007) suggested that it is crucial to apply
correct management, from the point of view
of heat stress, five weeks before and at least one
week after insemination. Schuller et al. (2014) re-
ported the greatest negative effect of heat stress
on the conception rate from —21 to —1 day before
insemination (the most sensitive period). Some
authors also emphasize the important factor of ac-
climatization to high temperatures in overcoming
heat stress. Evaluation of fertility in relation to the
service period, conception rate, and other animal
husbandry traits is important in both research
and practice.
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Possible solutions to heat stress
consequences in animal husbandry
and oocyte/embryo development

The problem of heat stress in animals can be
solved using different approaches. From the view-
point of animal husbandry, the possibility of cool-
ing using a water shower, providing shade, or
a combination of both, is often discussed. Legrand
et al. (2011) described a lower (by 0.2 °C) body
temperature in the evening when cows were
exposed to a shower during the day. Similarly,
Kendal et al. (2007) found a significant influence
of shade and shower on the body temperature
(vaginal temperature), especially when the THI
was 2 69. The authors showed the following re-
sults for vaginal temperature using different man-
agement strategies: with shower: 38.7 °C; shade
and shower: 38.6 °C; only shade: 38.9 °C; control:
39.2 °C. Moreover, optimal ventilation in the stall
(the movement of air) plays an important role
in maintaining correct air parameters and welfare
conditions (Herbut et al. 2015). Similar data on
heat stress were also provided by other authors
(Schutz et al. 2011; Broucek et al. 2020). For ex-
ample, Schutz et al. (2011) recorded a decrease
in the surface temperature of cows by 11.4% after
the application of a shower (shade temperature
decrease by 1%; control decrease — 1.4%). Using
a water shower, ventilation and shade proved to be
an appropriate solution for ensuring good envi-
ronmental conditions for cows in the hot season.

Several authors have studied other options for re-
solving heat stress in the reproduction of cows,
for example, by using the hormone melatonin ei-
ther in in vivo (Garcia-Ispierto et al. 2013) or in in
vitro (Garcia-Ispierto et al. 2013; Wang et al. 2017)
experiments. Most research in this respect focuses
on the role of melatonin as an important antioxi-
dant in the development of embryos in vitro, par-
ticularly for its role in ROS reduction. Its positive
effects on embryo development have been dem-
onstrated in in vitro procedures not only in cattle
but also in pigs, sheep, goats, and other animal
species (Do et al. 2015; Li et al. 2015; Zhao et al.
2016; Soto-Heras et al. 2018). Some authors have
studied the influence of retinoids as an oxidative-
stress protector during in vitro oocyte matura-
tion/culture. For example, Livingston et al. (2004)
reported that the addition of 5 pM retinol to the
in vitro maturation medium with bovine oocytes
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might have a positive effect on subsequent embryo
development through an antioxidant mechanism.
Retinol with an antioxidant activity was also stud-
ied by Duy et al. (2017), who found that all-trans-
retinol acts as an effective antioxidant through
donating a hydrogen atom.

Conclusion

A large number of studies have demonstrated
a negative effect of heat stress on the reproduc-
tion of cows in in vivo (ovarian activity, number
of transferable embryos, quality of corpora lutea,
etc.) and in vitro experiments (in vitro oocyte
maturation, in vitro embryo culture, etc.). In in
vivo studies, heat stress influences reproduction
physiology before, during, and after conception.
The presented studies here demonstrate the damag-
ing effect of heat stress on ovarian activity and em-
bryo development under in vivo conditions, which
isreflected in a significant reduction in the number
of transferable embryos and corpora lutea, among
others. Therefore, it is better to perform embryo
transfers or in vitro procedures, etc. in the season
when the animals are in their own thermoneutral
(comfort) zone. In this context, an important role
is also played by genetic factors, variability in ther-
motolerance between breeds, and thermotolerance-
specific genes. The genetic predisposition and
thermotolerance of certain breeds may also play
an important role.

There are several suggested ways for preventing
heat stress on the farm (shade, water shower) or
during in vitro procedures (through the supple-
mentation of the culture media with known an-
tioxidants). Research in this area is extensive and
ongoing in the context of climate change.

Conflict of interest

The authors declare no conflict of interest.

References

Al-Katanani YM, Webb DW, Hansen PJ. Factors affecting
seasonal variation in 90-day non-return rate to first ser-
vice in lactating Holstein cows in a hot climate. ] Dairy
Sci. 1999 Dec 1;82(12):2611-6.

299

https://doi.org/10.17221/44/2021-CJAS

Al-Katanani YM, Paula-Lopes FF, Hansen PJ. Effect of sea-
son and exposure to heat stress on oocyte competence
in Holstein cows. ] Dairy Sci. 2002 Feb 1;85(2):390-6.

Allen MR, Dube OP, Solecki W, Aragon-Durand F, Cramer W,
Humpbhreys S, Kainuma M, Kala J, Mahowald N, Mulugetta Y,
Perez R, Wairiu M, Zickfeld K. Framing and context. In:
Masson-Delmotte V, Zhai P, Portner HO, Roberts D, Skea J,
Shukla PR, Pirani A, Moufouma-Okia W, Pean C, Pidcock R,
Connors S, Matthews JBR, Chen Y, Zhou X, Gomis MI,
Lonnoy E, Maycock T, Tignor M, Waterfield T, editors.
Global Warming of 1.5°C. An IPCC Special Report on
the impacts of global warming of 1.5°C above pre-industrial
levels and related global greenhouse gas emission pathways,
in the context of strengthening the global response to the
threat of climate change, sustainable development, and ef-
forts to eradicate poverty. Geneva, Switzerland: Intergov-
ernmental Panel on Climate Change; 2018. p. 49-91.

Badinga L, Thatcher WW, Diaz T, Drost M, Wolfenson D.
Effect of environmental heat stress on follicular develop-
ment and steroidogenesis in lactating Holstein cows.
Theriogenology. 1993 Apr 1;39(4):797-810.

Bezdicek ], Stadnik L, Makarevich A, Kubovicova E, Louda F,
Hegedusova Z, Holasek R. The effect of mild temperature
stress on the ovarian activity in cows. ] Microbiol Biotech
Food Sci. 2019 Dec-2020 Jan;9(3):639-42.

Bezdicek ], Nesvadbova A, Louda F. The effect of high sum-
mer temperatures on reproduction in Holstein and Czech
Fleckvieh. Acta Univ Agric Silvic Mendelianae Brun. 2020
Feb 27;68(1):9-16.

Biniova Z, Stadnik L, Dolezalova M, Duchacek J. Effect
of thawing method on bull sperm survival in ejaculates
frozen in 4 ml and 8 ml volumes. Czech ] Anim Sci. 2018
Sep 27;63(10):399-407.

Broucek J, Ryba S, Dianova M, Uhrincat M, Soch M, Sist-
kova M, Mala G, Novak P. Effect of evaporative cooling
and altitude on dairy cows milkefficiency in lowlands. Int
] Biometeorol. 2020 Mar;64(3):433-44.

Chebel RC, Santos JEP, Reynolds JP, Cerri RLA, Juchem SO,
Overton M. Factors affecting conception rate after arti-
ficial insemination and pregnancy loss in lactating dairy
cows. Anim Repr Sci. 2004 Sep 1;84(3-4):239-55.

Deb R, Sajjanar B, Singh U, Kumar S, Singh R, Sengar G,
Sharma A. Effect of heat stress on the expression profile
of Hsp90 among Sahiwal (Bos indicus) and Frieswal (Bos
indicus x Bos taurus) breed of cattle: A comparative study.
Gene. 2014 Feb 25;536(2):435-40.

Dikmen S, Alava E, Pontes E, Fear JM, Dikmen BY, Olson
TA, Hansen PJ. Differences in thermo-regulatory ability
between slick-haired and wild-type lactating Holstein
cows in response to acute heat stress. ] Dairy Sci. 2008
Sep 1;91(9):3395-402.



Review

Czech Journal of Animal Science, 66, 2021 (08): 293-301

Do LTK, Shibata Y, Taniguchi M, Nii M, Nguyen TV, Tani-
hara F, Takagi M, Otoi T. Melatonin supplementation
during in vitro maturation and development supports
the development of porcine embryos. Reprod Domest
Anim. 2015 Dec;50(6):1054-8.

Dolezalova M, Stadnik L, Biniova Z, Duchacek ], Stupka R.
Equilibration and freezing interactions affecting bull
sperm characteristics after thawing. Czech J Anim Sci.
2016 Nov 17;61(11):515-25.

Duy QD, Thi CN, Nguyen MT, Pham CN. Is vitamin A an
antioxidant or a pro-oxidant? ] Phys Chem B. 2017 Oct 12;
121(40):9348-57.

Garcia-Ispierto I, Abdelfatah A, Lopez-Gatius F. Melatonin
treatment at dry-off improves reproductive performance
postpartum in high-producing dairy cows under heat
stress conditions. Reprod Domest Anim. 2013 Aug;
48(4):577-83.

Gendelman M, Roth Z. Incorporation of coenzyme Q10
into bovine oocytes improves mitochondrial features
and alleviates the effects of summer thermal stress on
developmental competence. Biol Reprod. 2012 Nov 1;
87(5): 12 p.

Herbut P, Angrecka S, Nawalany G, Adamczyk K. Spatial
and temporal distribution of temperature, relative humid-
ity and air velocity in a parallel milking parlour during
summer period. Ann Anim Sci. 2015 Apr 1;15(2):517-26.

Jee H. Size dependent classification of heat shock proteins:
A mini-review. ] Exerc Rehabil. 2016 Aug;12(4):255-9.

Ju JC, Tseng JK. Nuclear and cytoskeletal alterations ofin
vitro matured porcine oocytes under hyperthermia. Mol
Reprod Dev. 2004 May;68(1):125-33.

JuJC, Parks JE, Yang X. Thermotolerance of IVM-derived
bovine oocytesand embryos after short-term heat shock.
Mol Reprod Dev. 1999 Jul;53(3):336-40.

Kendall PE, Verkerk GA, Webster JR, Tucker CB. Sprin-
klers and shade cool cows and reduce insect-avoidance
behavior in pasture-based dairy systems. ] Dairy Sci.
2007 Aug 1;90(8):3671-80.

Khatun H, Thara Y, Takakura K, Egashira J, Wada Y, Konno
T, Tatemoto H, Yamanaka K. Role of endoplasmic re-
ticulum stress on developmental competency and cryo-
tolerance in bovine embryos. Theriogenology. 2020 Jan
15;142:131-7.

Kiriyama MT, Oka M, Takehana M, Kobayashi S. Expression
of a small heat shock protein 27 (HSP27) in mouse skin
tumors induced by UVB-irradiation. Biol Pharm Bulletin.
2001;24(2):197-200.

Legrand A, Schutz KE, Tucker CB. Using water to cool cat-
tle: Behavioural and physiological changes associated
with voluntary use of cow showers. ] Dairy Sci. 2011 Jul 1;
94(7):3376-86.

300

https://doi.org/10.17221/44/2021-CJAS

LiY, Zhang Z, He C, Zhu K, Xu Z, Ma T, Tao J, Liu G. Me-
latonin protects porcine oocyte in vitro maturation from
heat stress. ] Pineal Res. 2015 Oct;59(3):365-75.

Livingston TE, Eberhardt DM, Edwards JL, Godkin J. Reti-
nol improves bovine embryonic development in vitro.
Reprod Biol Endocrinol. 2004 Dec 21;2(1): 7 p.

Lopez-Gatius F, Garcia-Ispierto I, Hunter RH. Factors af-
fecting spontaneous reduction of corpora lutea and twin
embryos during the late embryonic/early fetal period
in multiple-ovulating dairy cows. Theriogenology. 2010
Feb 1;73(3):293-9.

Mariasegaram M, Chase CC Jr, Chaparro JX, Olson TA,
Brenneman RA, Niedz RP. The slick hair coat locus maps
to chromosome 20 in Senepol-derived cattle. Anim
Genet. 2007 Feb;38(1):54-9.

McGregor G, Vanos J. Heat: A primer for public health re-
searchers. Public Health. 2018 Aug 1;161;138-46.

Morton JM, Tranter WP, Mayer DG, Jonsson NN. Effects
of environmental heat on conception rates in lactating
dairy cows: Critical periods of exposure. ] Dairy Sci. 2007
May 1;90(5):2271-8.

Nguyen TTT, Bowman PJ, Haile-Mariam M, Nieuwhof GJ,
Hayes BJ, Pryce JE. Short communication: Implementa-
tion of a breeding value for heat tolerance in Australian
dairy cattle. ] Dairy Sci. 2017 Sep 1;100(9):7362-7.

Olson TA, Lucena C, Chase CC, Hammond AC. Evidence
of a major gene influencing hair length and heat tolerance
in Bos taurus cattle. ] Anim Sci. 2003 Jan 1;81(1):80-90.

Ortega MS, Rocha-Frigoni NAS, Mingoti GZ, Roth Z,
Hansen PJ. Modification of embryonic resistance to
heat shock in cattle by melatonin and genetic variation
in HSPAI1L. ] Dairy Sci. 2016 Nov 1;99(11):9152-64.

Oseni S, Mistzal I, Tsuruta S, Rekaya R. Genetic compo-
nents of days open under heat stress. ] Dairy Sci. 2004
Sep 1;87(9):3022-8.

Ravagnolo O, Misztal I. Effect of heat stress on non-return
rate in Holstein cows: Genetic analyses. ] Dairy Sci. 2002
Nov 1;85(11):3092-100.

Rocha A, Randel RD, Broussard JR, Lim JM, Blair RM, Rous-
sel JD, Godke RA, Hansel W. High environmental tem-
perature and humidity decrease oocyte quality in Bos
taurus but not in Bos indicus cows. Theriogenology. 1998
Feb 1;49(3):657-65.

Sakatani M, Bonilla L, Dobbs KB, Block J, Ozawa M, Shan-
ker S, Yao JQ, Hansen PJ. Changes in the transcriptome
of morula-stagebovine embryos caused by heat shock:
Relationship to developmental acquisitionof thermotol-
erance. Reprod Biol Endocrinol. 2013 Dec;11(1): 12 p.

Schuller LK, Burfeind O, Heuwieser W. Impact of heat
stress on conception rate of dairy cows in the moderate

climate considering different temperature—Humidity



Review

Czech Journal of Animal Science, 66, 2021 (08): 293-301

index thresholds, periods relative to breeding, and heat
load indices. Theriogenology. 2014 May 1;81(8):1050-7.

Schuller LK, Michaelis I, Heuwieser W. Impact of heat
stress on estrus expression and follicle size in estrus
under field conditions in dairy cows. Theriogenology.
2017 Oct 15;102:48-53.

Schutz KE, Rogers AR, Cox NR, Webster JR, Tucker CB.
Dairy cattle prefer shade over sprinklers: Effects on be-
havior and physiology. ] Dairy Sci. 2011 Jan 1;94(1):273-83.

Silva CF, Sartorelli ES, Castilho ACS, Satrapa RA, Puelker
RZ, Razza EM, Ticianelli JS, Eduardo HP, Loureiro B, Bar-
ros CM. Effects of heat stress on development, quality
and survival of Bos indicus and Bos taurus embryos pro-
duced in vitro. Theriogenology. 2013 Jan 15;79(2):351-7.

Soto-Heras S, Roura M, Catala MG, Menendez-Blanco I,
Izquierdo D, Fouladi-Nashta AA, Paramio MT. Beneficial
effects of melatonin on invitro embryo production from
juvenile goat oocytes. Reprod Fertil Dev. 2018 Jan 30;
30(2):253-61.

Takehara I, Igarashi H, Kawagoe J, Matsuo K, Takahashi K,
Nishi M, Nagase S. Impact of endoplasmic reticulum
stress on oocyte aging mechanisms. Mol Hum Reprod.
2020 Aug;26(8):567-75.

Tseng JK, Chen CH, Chou PC, Yeh SP, Ju JC. Influences
of follicular size on parthenogenetic activation and
in vitro heat shock on the cytoskeleton in cattle oocytes.
Reprod Dom Anim. 2004 Jun;39(3):146-53.

301

https://doi.org/10.17221/44/2021-CJAS

Villa-Mancera A, Mendez-Mendoza M, Huerta-Crispin R,
Vazquez-Flores F, Cordova-Izquierdo A. Effect of climate
factors on conception rate of lactating dairy cows in Mex-
ico. Trop Anim Health Prod. 2011 Mar;43(3):597-601.

Wang S, Liu B, Liu W, Xiao Y, Zhang H, Yang L. The effects
of melatonin on bovine uniparental embryos development
in vitro and the hormone secretion of COCs. Peer]. 2017
Jul 7;5: 23 p.

Wilson SJ, Kirby CJ, Koenigsfeld AT, Keisler DH, Lucy MC.
Effects of controlled heat stress on ovarian function of dairy
cattle. 2. Heifers. ] Dairy Sci. 1998 Aug 1;81(8):2132-8.

Zhang Y, QuP, Ma X, Qiao F,Ma Y, Qing S, Zhang Y, Wang Y,
Cui W. Tauroursodeoxycholicacid (TUDCA) alleviates
endoplasmic reticulum stress of nuclear donor cells under
serum starvation. PLoS One. 2018 May 2;13(5): 14 p.

Zhao XM, Hao HS, Du WH, Zhao SJ, Wang HY, Wang N,
Wang D, Liu Y, Qin T, Zhu HB. Melatonin inhibits apop-
tosis and improves the developmental potential of vitri-
fied bovine oocytes. ] Pineal Res. 2016 Mar;60(2):132-41.

Zubor T, Hollo G, Posa R, Nagy-Kiszlinger H, Vigh Z,
Huth B. Effect of rectal temperature on efficiency of ar-
tificial insemination and embryo transfer technique
in dairy cattle during hot season. Czech ] Anim Sci. 2020
Aug 30;65(8):295-302.

Received: March 15, 2021
Accepted: May 28, 2021
Published online: July 27, 2021



