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BIOLOGICAL MARKERS OF HEAT LOAD IN DAIRY
COWS

Under prolonged heat load, the hypothalamic-pituitary-adrenal axis is activated in
cows, leading to increased secretion of cortisol, the primary stress hormone. Cortisol not
only mobilises energy reserves via gluconeogenesis but also suppresses immune function
and reduces protein synthesis. In the study by Mylostyvyi et al. [4], it was shown that
during summer heat, the concentration of cortisol in blood serum increased by more than
1.5 times, particularly in high-yielding cows, indicating greater physiological strain.

One of the early metabolic indicators of stress is the elevation of free fatty acids
(FFA), the release of which is stimulated by cortisol. The study recorded an increase in
oleic, palmitic and linoleic acids in the blood serum of cows, reflecting intensive
mobilisation of fat as an energy source under heat load. Excessive influx of FFAs to the
liver may cause hepatic overload, ketosis and reduced milk production [7].

Oxidative stress is a key component in the pathogenesis of heat load. An imbalance
between free radical production and antioxidant defence leads to damage to membranes,
proteins and DNA. In the experiment by Gutyj et al. [3], an increase in malondialdehyde
(MDA), a marker of lipid peroxidation, was observed, along with a decrease in the activity
of antioxidant enzymes (superoxide dismutase, catalase) in cows under heat-induced
endotoxaemia. Administration of Butaselmevit partially restored antioxidant status,
supporting the rationale for correcting antioxidant imbalance during heat periods.

In addition to classical markers, a promising direction is the identification of chronic
protein markers of stress associated with prolonged exposure. According to the findings
of Grelet et al. [2], changes were detected in the concentrations of acute-phase proteins
such as haptoglobin, seromucoid and alpha-1-acid glycoprotein in the blood of cows
experiencing chronic heat stress, indicating systemic inflammation and activation of the
immune response.

Genetic and breed-specific traits significantly influence cow responses to heat. For
example, in the study by Gantner et al. [1], locally adapted breeds demonstrated higher
thermotolerance compared to Holsteins, as evidenced by lower cortisol and FFA levels
under similar THI conditions. Combined with performance indicators, this allows for the
assessment of adaptive capacity and the development of selection strategies for heat
tolerance.
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Integrating various biomarkers (hormonal, metabolic, immune) with microclimatic
indicators (THI, heatwave duration, night-time cooling) enables the development of a
comprehensive heat load monitoring model at the herd level. The application of such
models is particularly important under climate change and the increasing frequency of heat
waves in Ukraine [5, 6, 8].

Conclusion. Biomarkers of heat stress reflect key physiological mechanisms of
homeostasis disruption in dairy cows, including hormonal response, mobilisation of
energy reserves and development of oxidative stress. Their monitoring allows for the early
detection of destructive processes before clinical symptoms appear. The use of biomarker
panels in combination with THI indicators provides new opportunities for early diagnosis
of heat stress, individualised herd management and selection for thermotolerance.
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