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BIOLOGICAL MECHANISMS OF THERMAL STRESS
RESPONSE IN FARM ANIMALS

Thermal stress represents one of the most important environmental challenges
affecting the biological functioning of farm animals. Rising air temperatures, increasing
climatic variability and more frequent heat waves significantly influence physiological
regulation, metabolic processes and adaptive mechanisms in animals. Under such
conditions the ability of animals to maintain internal homeostasis becomes a key factor
determining their productivity, health and survival [7].

Exposure to high environmental temperature initiates a complex cascade of
biological responses involving thermoregulation, endocrine regulation and metabolic
adjustments. The activation of thermoregulatory mechanisms is aimed at maintaining body
temperature within a physiologically acceptable range. This process involves behavioural
adaptations such as reduced activity and increased water intake, as well as physiological
responses including increased respiration rate, peripheral vasodilation and changes in
metabolic heat production [4].

One of the central biological pathways activated during heat stress is the
neuroendocrine response. The hypothalamic—pituitary—adrenal axis plays a critical role in
stress adaptation by regulating the secretion of glucocorticoids and other stress hormones.
Studies demonstrate that changes in ambient temperature and humidity significantly
influence hormonal balance and inflammatory responses, confirming the strong
relationship between environmental factors and biological stress mechanisms [1].

Metabolic processes are also strongly affected during thermal stress. Elevated body
temperature leads to disturbances in energy metabolism and alterations in nutrient
utilization. Animals under heat stress often demonstrate decreased feed intake, which
further influences metabolic balance and productivity. These changes reflect the
organism’s attempt to reduce metabolic heat production and maintain thermal equilibrium.

The microclimate of livestock buildings plays a decisive role in the intensity of
thermal stress responses. Environmental parameters such as air temperature, humidity,
ventilation rate and air movement determine the level of thermal load experienced by
animals. Studies focused on barn microclimate monitoring indicate that inadequate
ventilation and poor environmental control significantly intensify heat stress effects.
Continuous monitoring of microclimatic conditions therefore becomes an essential
component of modern livestock management [5].
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Modern research increasingly applies non-invasive approaches to investigate the
biological responses of animals to environmental stress. These methods include
behavioural observations, infrared thermography, body surface temperature measurement
and automated sensor technologies. Non-invasive monitoring allows the detection of early
biological responses to heat stress without disturbing animals, which improves the
accuracy of physiological assessments [2].

Another important biological component of the stress response is the regulation of
oxidative balance. Environmental stressors may lead to increased production of reactive
oxygen species and disturbances in antioxidant defence systems. Oxidative modification
of proteins and changes in antioxidant status are considered important indicators of stress-
related physiological disturbances and may reflect deeper metabolic changes occurring in
the organism [9].

Thermal stress may also influence clinical and morphological parameters of animals,
reflecting changes in physiological state and adaptive capacity. Monitoring of
haematological and biochemical indicators is widely used in veterinary practice to
evaluate the condition of animals exposed to stress factors and to identify early signs of
pathological processes [6].

In addition to physiological mechanisms, nutritional factors play an important role
in supporting biological adaptation to stress. The inclusion of phytogenic feed additives
and biologically active compounds in animal diets may enhance metabolic stability and
support immune function. Experimental studies demonstrate that herbal feed supplements
can improve colostrum quality, stimulate immune responses in newborn animals and
promote growth performance in young livestock [3].

The combined action of these biological mechanisms ultimately determines the
adaptive capacity of animals under thermal stress conditions. Understanding the complex
interactions between environmental factors, physiological regulation and metabolic
processes is essential for developing effective strategies aimed at improving animal
welfare and productivity in modern livestock systems.

Conclusions. Thermal stress triggers a complex network of biological mechanisms
in farm animals, including thermoregulatory, endocrine, metabolic and oxidative
responses. These mechanisms represent adaptive processes aimed at maintaining
homeostasis under adverse environmental conditions. Understanding the biological basis
of thermal stress responses is essential for improving livestock management strategies and
developing effective approaches to protect animal health and productivity in a changing
climate.
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