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PHYSIOLOGICAL AND IMMUNE ADAPTATION OF 

FARM ANIMALS TO ENVIRONMENTAL STRESSORS 
 

Understanding the physiological and immune adaptation of farm animals to 

environmental stressors is fundamental for ensuring animal health, productive longevity 

and sustainable development of animal husbandry. Modern research demonstrates that the 

complex response of animals to thermal, nutritional and housing-related challenges is 

determined by both genetic and epigenetic mechanisms, as well as by the dynamic 

regulation of biochemical, hormonal and immunological markers [1, 9]. 

The ability of livestock to adapt to fluctuating environmental conditions is 

increasingly relevant in the context of global climate change and the intensification of 

animal production. Periods of elevated temperature and humidity, as well as heat waves, 

are associated with significant disruption of metabolic and physiological homeostasis in 

cattle, pigs and small ruminants [4, 5, 6]. Studies have consistently shown that heat stress 

triggers a cascade of neuroendocrine reactions, including the activation of the 

hypothalamic-pituitary-adrenal axis and the increased secretion of cortisol, which is 

accompanied by alterations in blood cell profiles, shifts in energy metabolism and the 

development of systemic inflammation [1, 4, 9]. 

Biomarkers such as cortisol, glucose, free fatty acids, acute-phase proteins and 

antioxidant enzyme activities are widely used as sensitive indicators of physiological 

adaptation and health status under stress. In particular, studies on North African rams 

under natural heat stress have demonstrated significant changes in body temperature, 

respiration rate, haematological parameters and plasma hormone concentrations, 

providing valuable models for monitoring adaptation at the organismal level [4]. Similarly, 

research on feedlot cattle exposed to moderate heat load and subsequent recovery has 

revealed that heat stress leads to leukocytosis, increased neutrophil-to-lymphocyte ratio 

and elevated inflammatory markers, even when nutritional intake is matched to 

thermoneutral controls [9]. 

The oxidant/antioxidant balance is a key mechanism mediating the effects of 

environmental stress. Excessive production of reactive oxygen species, especially under 

prolonged heat exposure or metabolic stress, disrupts redox equilibrium, damages cell 

membranes and impairs immune function. Monitoring of antioxidant enzyme activities 

such as superoxide dismutase and glutathione peroxidase, as well as lipid peroxidation 

markers, provides early signals of oxidative imbalance [7]. Evidence from studies on cows 

and sheep with antenatal pathology has underscored the association between disrupted 

antioxidant defenses and increased susceptibility to disease. 

At the same time, the practical application of herbal feed additives and phytogenic 
preparations has demonstrated immunomodulatory and adaptive effects, particularly in the 
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early stages of animal development. Research on the supplementation of cow diets with 
herbal additives has shown improvements in the quality of colostrum, immune parameters 
in newborn calves and energy metabolism during the neonatal period, thus supporting the 
development of robust adaptive mechanisms [2]. Such interventions not only strengthen 
humoral and cellular immunity, but also support more stable growth trajectories and 
resilience to environmental challenges. 

Housing systems and microclimate control remain crucial elements for mitigating 
the impact of environmental stressors. Modelling studies have shown that effective climate 
assessment and the use of temperature-humidity index (THI) as a predictive tool enable 
the design of more adaptive housing systems, supporting the comfort and health of animals 
in both intensive and extensive production systems [5, 6]. Differences in housing 
temperature have been linked to changes in the behavior, physiological parameters and 
productivity of pigs, with thermally optimized environments favoring better animal 
welfare and performance [3]. Comparative studies of different technologies and housing 
strategies confirm that the choice of system directly affects the productive lifespan and 
health of livestock, particularly for high-yielding breeds [8]. 

Recent research also highlights the significance of epigenetic regulation in livestock 
adaptation. Heat stress can induce changes in DNA methylation, histone modifications 
and non-coding RNA expression, influencing the transcription of genes involved in 
metabolism, stress resistance and immune regulation [1]. These molecular mechanisms 
underlie both short-term physiological responses and long-term adaptive capacity, 
pointing to new avenues for genetic and management interventions. 

The integration of omics technologies and advanced biomarker analysis will further 
expand our ability to diagnose and predict maladaptive responses, individualize 
management strategies and select for robust phenotypes. Systematic monitoring of 
physiological, immunological and biochemical markers should become standard practice 
in precision livestock farming. 

Conclusions. The physiological and immune adaptation of farm animals to 
environmental factors is a multifaceted process involving hormonal, metabolic, immune 
and antioxidant responses at molecular, cellular and organismal levels. Early identification 
and monitoring of key biomarkers, along with the optimization of feeding, housing and 
genetic strategies, are central to building resilient animal populations. The synergy of 
classical physiology, modern molecular research and practical management ensures 
sustainable productivity, animal welfare and robustness under changing environmental 
conditions. 
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