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MECHANISMS OF LIVESTOCK ADAPTATION TO
HEAT STRESS

Heat stress (HS) is a significant challenge for animal husbandry, reducing
productivity, reproductive efficiency, and welfare in livestock species such as pigs, cattle,
sheep, camels, and ponies. Climate change, especially abnormally high summer
temperatures, increasingly leads to thermoregulatory disorders in animals in Ukraine, as
confirmed by studies in the central region [7, 8]. Similar observations have been made
regarding seasonal impacts on physiological parameters in other animal species [3]. HS
complications include reduced fertility, smaller litter size, impaired metabolism, and poor
health. Contemporary research therefore focuses on genetic and molecular adaptation
mechanisms that enable animals to cope better with elevated temperatures. These
mechanisms include genomic selection, antioxidant and nanotechnological strategies,
epigenetic modifications, biochemical and metabolic markers, and reproductive
technologies.

Genomic selection is a promising approach to improving thermotolerance in
livestock. It enables the identification of animals with genetically determined resistance to
HS, which directly affects reproductive and productive performance. Gestational HS in
sows negatively impacts litter development; however, genomic selection in the F1
generation, considering SNP markers for thermotolerance, significantly improves litter
size and piglet survival [1]. Similar findings have been reported in the identification of
SNPs associated with reproductive efficiency in Holstein bulls, notably embryo quality
and blastocyst formation in vitro. These data show that HS reduces fertility, but targeted
selection using relevant markers enables the development of more resistant populations
[1].

Associations have also been reported between specific SNPs and milk production in
Chinese Holstein cows under high temperatures [9]. These studies confirm genomic
selection as an effective tool for breeding thermotolerant genotypes [1, 9].

Antioxidant strategies are also of considerable interest. Melatonin administration to
rams under summer HS conditions improves semen quality by reducing oxidative stress
and modulating endocrine regulation [4]. Intravenous L-citrulline increases testicular
blood flow in camels, raising testosterone, oestradiol, and nitric oxide, thus benefiting
reproductive function [1]. Hydroxy-selenomethionine improves antioxidant status in sows
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during HS [8]. Together, these studies highlight the potential of antioxidant compounds in
protecting fertility under stress [1, 4, 8].

Epigenetic adaptations are important as well. Postnatal epigenetic modifications
following BVDV infection may be enhanced by HS, with effects potentially transmitted
to the next generation, allowing the use of relevant markers to assess adaptive capacity
[5].

Biochemical and metabolic mechanisms are equally significant. HS in dairy cows
activates lipolysis, impacting milk fat synthesis [8], while residual feed intake correlates
with heat adaptation through biochemical changes [3]. Both approaches support the use of
metabolic and biochemical markers in adaptive feeding schemes [3, 8].

Integrating these strategies forms a comprehensive platform for livestock adaptation
to climate change. Recent sociological surveys among farmers underscore that successful
implementation requires combining genomic selection, antioxidant support, and
monitoring of epigenetic and metabolic changes [4]. SNP markers [1, 9] are foundational
for breeding programmes, while antioxidants such as melatonin [4], L-citrulline [1], and
hydroxy-selenomethionine [8] can be integrated into reproductive management.
Epigenetic [5] and metabolic [3, 8] indicators enable targeted monitoring of adaptive
responses.

Conclusion. Reducing the negative effects of heat stress on animal productivity and
reproductive capacity is achievable through integrated genetic, biochemical, and
management approaches. Genomic selection based on thermotolerance markers enables
the formation of resilient populations. Antioxidants help maintain fertility under oxidative
load, while biochemical and metabolic indicators support adaptation monitoring and feed
adjustment. Combining these solutions enhances livestock farming efficiency in high-
temperature conditions.
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