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Abstract

This study examined the correlations between key biomarkers of energy and lipid metabolism
(beta-hydroxybutyrate, glucose, lipoproteins) and haematological and biochemical blood parameters
in Brown Swiss cows kept under year-round housing in a naturally ventilated barn. The relevance of
this research is due to the increasing frequency of metabolic disorders and heat stress in high-yielding
dairy cattle, which is exacerbated by seasonal fluctuations in microclimatic conditions. The
investigation of the diagnostic value of blood biomarkers is considered promising for the early
detection of metabolic stress and for improving the effectiveness of animal welfare monitoring. The
study involved second-lactation cows (n = 50) at one of the largest Brown Swiss dairy complexes in
central Ukraine. Representative groups of cows were randomly formed for each season, ensuring
similar productivity and stage of lactation. Protein, lipid, carbohydrate and mineral metabolism, as
well as haematopoietic indices, were investigated. Environmental conditions (temperature, humidity,
temperature—humidity index) were assessed using data from the nearest meteorological station.
Correlations between blood parameters were determined using Spearman’s correlation coefficient.
Data processing and statistical analysis were performed using Statistica 12 (StatSoft Inc., USA), with
significance accepted at p < 0.05. The results showed that beta-hydroxybutyrate was significantly
negatively correlated with liver enzyme activity (ALT, r = —0.465, p < 0.05; AST, r = -0.321, p <
0.05). Glucose was negatively correlated with total calcium (r = —0.742, p < 0.05), Ca/P ratio (r =
—0.561, p < 0.05), haematocrit (r = —0.472, p < 0.05), total lipoproteins (r = —0.512, p < 0.05) and
albumins (r =—0.283, p < 0.05), but positively correlated with inorganic phosphorus (r = 0.309, p <
0.05), MCH (r = 0.333, p < 0.05) and MCHC (r = 0.385, p < 0.05). Lipoproteins showed positive
correlations with total calcium (r = 0.532, p < 0.05), carotene (r = 0.399, p < 0.05), haematocrit (r
=0.417, p < 0.05), Ca/P ratio (r = 0.294, p < 0.05) and negative correlations with AST (r = —0.302,
p < 0.05) and MCHC (r = —0.306, p < 0.05). The identified significant correlations between the
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principal biomarkers and haematological parameters reflect the integrated regulatory mechanisms
of homeostasis. The findings confirm the utility of simultaneous monitoring of beta-hydroxybutyrate,
glucose and lipoproteins in blood for assessing metabolic adaptation and the risk of disorders in
contemporary dairy cow management systems.

Keywords: Brown Swiss cows, biomarkers, haematological and biochemical blood
parameters, correlation, adaptation, microclimate.

Introduction. Under modern conditions of industrial milk production, there is a
continuous increase in the functional load on the bodies of high-yielding cows, which
raises their vulnerability to the impact of environmental and technological stress factors
[1, 2]. The introduction of year-round housing of animals in naturally ventilated barns
further strengthens the dependence of the microclimate on fluctuations in external
weather conditions. This issue is particularly relevant in the context of global climate
change, which leads to an increase in the frequency and duration of heat waves, in turn
causing a deterioration in health, a decline in milk yield, disruption of reproductive
functions and a higher incidence of disease in dairy cows [3-5].

In these circumstances, there is a growing need for accurate assessment of the
physiological state of animals to enable timely identification of stressors and
prevention of economic losses. One of the promising directions is the search for and
use of reliable biomarkers capable of reflecting both acute and chronic changes in the
bodies of cows in response to meteorological fluctuations [6—8]. Among the various
physiological parameters, blood indicators are traditionally regarded as the most
informative markers of the clinical status of animals and their response to stress and
technological factors [9—11].

The biochemical profile of blood makes it possible not only to monitor
adaptation to housing conditions but also to identify early signs of metabolic
disturbances, which are of key importance for maintaining welfare and productivity [1,
12]. Under conditions of persistent load on organs and systems, and an increased risk
of heat stress and its negative consequences, the issue of identifying reliable
biomarkers for evaluating the physiological state and adaptation of animals becomes
particularly relevant [13]. Further elucidation of the problem allows for the detailing
of current understanding of the mechanisms of biochemical changes in blood indices,
with an emphasis on the informativeness of such biomarkers as beta-hydroxybutyrate,
glucose and lipoproteins for assessing physiological adaptation in cows under modern
milk production systems.

Review of recent studies and publications. IlomioHo g0 ©OaraTbox
napas3utapHux 1H(ekuii, eiiMepio3 Bpaxkae B OCHOBHOMY MOJIOJIHSK, 10 MOB'A3aHO 3
PO3BUTKOM y KypdyaT IMYHITETy B IOCTHaTaibHHIl mnepioa. Ha nymky OaraTtbox

223

ONoIE



Agrarian Bulletin of the Black Sea Littoral. 2026, Issue 118
ISSN2707-1162 (online) ISSN 2707-1154 (print) //Cinbcokozocnodapevki Hayku//

JOCJIITHUKIB, HAa KOKIIHUJI103 XBOPitOTh Kypuara 3 10-7000BOro A0 3-MiCSYHOTO BiKY
[15,23].

The functioning of the bodies of high-yielding dairy cows under conditions of
intensive production is determined by the balance between energy intake, its
redistribution for the maintenance of homeostasis, and productive output. Under year-
round loose housing, seasonal fluctuations in the microclimate and photoperiod
manifest as behavioural and metabolic changes [14]. In these circumstances, key blood
biomarkers may serve as integral indicators of animal adaptation, reflecting the synergy
of energetic, immune, and oxidative shifts in the maintenance of homeostasis [15—17].

Beta-hydroxybutyrate (BHB) is considered a principal marker of changes in
energy status, allowing for the identification of negative energy balance at early stages
and serving as a predictor of metabolic disturbances in high-producing cows. Its
elevation is observed both under conditions of intensive lactation and in response to
heat stress, when the need for mobilisation of alternative energy sources increases. In
the case of heat stress (HS), such a response is regarded as a universal adaptive
mechanism aimed at temporarily maintaining energy homeostasis by mobilising
alternative energy reserves [18-21]. In dairy cows, reduced feed intake and enhanced
lipolysis during periods of heat are accompanied by a rise in BHB, which is regarded
as an early marker of metabolic strain and the risk of ketosis [1]. These changes are
especially pronounced in the postpartum period, when the combination of high
productive load and physiological limitations of energy intake are most acute; in the
summer season, an increase in BHB in cows is associated with a higher risk of negative
energy balance and requires constant monitoring [22]. The diagnostic significance of
this indicator is also confirmed by its prognostic role: increased BHB levels at the early
stages of lactation are associated with a reduction in milk yield, increased morbidity
and reduced fertility [23].

At the same time, seasonal factors may shape the ketogenic response even
outside classic HS conditions. For example, in cold, high-altitude environments during
winter, increased BHB has been associated with energy deficiency and low feed
availability, also reflecting the adaptive nature of ketogenesis [24]. However, there are
reports of alternative scenarios of energy metabolism reorganisation. For example, a
transition from thermoneutral conditions to moderate—severe HS has been described to
result in a reduction in BHB levels, which researchers interpreted as a change in the
priorities of energy supply and redistribution between glucose and lipid substrates [10].
This highlights the necessity of interpreting BHB in the context of other metabolic
indicators. Recent studies have demonstrated that in both acute and chronic HS, BHB
levels in cows rise in parallel with disturbances in carbohydrate metabolism and
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hormonal regulation, which allows it to be considered an early marker of metabolic
strain and a predictor of subclinical disorders [8, 25, 26].

Glucose is a component of energy metabolism in cows, supplying tissues with
high demands and serving as the main precursor of lactose, which directly links it to
milk productivity [27]. As a biological marker, it is sensitive to changes in feeding and
temperature regime. In particular, a decrease in glucose level during HS reflects the
increased use of the body's energy reserves and may be accompanied by the activation
of catabolic processes and enhanced ketogenesis. Under the influence of HS, hormonal
regulation of glycaemia is disturbed, glucose use by peripheral tissues is altered and
energy flows are redistributed, which lowers metabolic efficiency [27]. An increase in
environmental temperature is accompanied by reduced appetite and feed intake, which
leads to a drop in glucose concentration and activation of compensatory energy
pathways [6]. In dairy cows, depending on their level of heat tolerance, the decrease in
glucose i1s more pronounced in heat-sensitive animals and is regarded as a stable
systemic indicator of maladaptation to thermal load [7]. In general, hypoglycaemia
during heat is seen as the result of reduced energy intake combined with increased
expenditure on thermoregulation, and has been confirmed in numerous studies in cows
and ruminants of various breeds [21, 28—-31]. However, seasonal glucose dynamics are
also observed in the cold period, when its decrease is associated with increased energy
expenditure for thermoregulation, which confirms the universality of glucose as a
marker of energy status [24, 32]. High-yielding cows often demonstrate lower
glycaemia due to intensive use of glucose for lactose synthesis, which simultaneously
reflects adaptation to metabolic load and the risk of metabolic disorders [33]. It has
also been shown that HS in dairy cows is accompanied by a reduction in glucose,
enhanced ketogenesis, and alterations in lipid metabolism, with the magnitude of these
changes depending on the duration and intensity of stress [29, 34].

Lipoproteins reflect the state of lipid transport and hepatic metabolism and are
sensitive to seasonal and stress-induced shifts in energy balance. Increases in
environmental temperature are associated with changes in the plasma lipid profile, in
particular a reduction in total lipoproteins, reflecting the redistribution of energy
resources and enhanced fat catabolism [35]. Similar changes have been described under
HS in cows and bulls, where the decline in lipoproteins has been associated with
disturbances in hepatic lipid synthesis and transport, and overall metabolic
reorganisation [21, 28, 36]. Researchers have also noted that HS leads to a reduction
in total lipoproteins, a shift in the balance of free fatty acids towards mobilisation of
energy substrates and the activation of lipid oxidation processes, which is accompanied
by an increased risk of oxidative stress [12, 34]. Given that lipoproteins are the

transport form for fat-soluble antioxidants such as B-carotene and vitamin E, their
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reduction under stress conditions may also reflect a weakening of the antioxidant
defence of the body [37]. Changes in lipoproteins are closely linked to the mineral and
general metabolic status of animals, which confirms the value of comprehensive blood
assessment during periods of high metabolic load [38—40]. Under metabolic stress and
endotoxaemia, a reduction in lipoproteins occurred in parallel with a decrease in
antioxidant potential, which further highlights the importance of lipid metabolism
markers in the assessment of the adaptive response [41].

Taken together, the data suggest that BHB, glucose and lipoproteins form a
functionally related set of biomarkers, reflecting energy status, the intensity of reserve
mobilisation, and the efficiency of transport systems in the blood. In most studies, HS
and seasonal temperature fluctuations are associated with increased BHB and
decreased glucose and lipoproteins, which is consistent with a state of negative energy
balance with activation of ketogenesis and restructuring of lipid metabolism [29, 42].
Our previous studies [9, 43] have shown that such blood indicators as BHB, glucose,
and total lipoproteins exhibited significant seasonal variation, supporting the rationale
for their monitoring and investigation of their relationships with other blood
metabolites for assessing the metabolic status of cows under modern housing systems
[5, 11, 44].

The aim was to determine the correlations between key biomarkers of energy
and lipid metabolism (beta-hydroxybutyrate, glucose, total lipoproteins) and morpho-
biochemical blood parameters in Brown Swiss cows under year-round loose housing.

Presentation of the main research findings. The research was conducted in
2025 at the “Yekaterynoslavsky” Dairy Production Complex LLC, which is the largest
facility in Europe for the breeding of Brown Swiss cattle. All experimental procedures
complied with the requirements of the European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other Scientific Purposes (Strasbourg,
France, 1986) and the Law of Ukraine “On the Protection of Animals from Cruelty”
(Kyiv, 2006). Morphological and biochemical blood analyses were carried out at the
“Biosafety Center” Research Facility of Dnipro State Agrarian and Economic
University within the framework of approved research topics (state registration
numbers 0123U101593 and 0124U001457).

In each season, four groups of second-lactation Brown Swiss cows were
randomly formed (winter, n = 10; spring, n = 10; summer, n = 15; autumn, n = 15)
based on the principle of analogues (physiological state, lactation stage and number,
average daily milk yield). The cows were housed loose in cubicles in a naturally
ventilated building. Throughout the year, all cows received a total mixed ration (TMR)
based on maize silage (silage 60%, soybean meal 22%, wheat bran 13.5%, sodium
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chloride 1%, sodium bicarbonate 1%, vitamin-mineral supplement up to 1%), balanced
according to the recommendations of the National Research Council (NRC, 2001).

Data on air temperature (°C) and relative humidity (%) were obtained from the
nearest meteorological station, freely available on the official website of the Ukrainian
Hydrometeorological Centre. For each parameter, data were recorded every three hours
throughout the year (2920 records). Meteorological data were systematised and the
temperature-humidity index (THI) was calculated using the method described by
Mylostyvyi and Izhboldina [45]. The housing included feed alleys and group drinkers
with free access. Housing and husbandry conditions were assessed using standard
zoohygienic methods [46].

Blood samples were collected from the jugular vein in the early morning (06:00—
07:00) before feeding, using vacuum tubes without anticoagulant for biochemical tests
and with EDTA for haematological analysis. Immediately after sampling, the blood
was transported to the laboratory in refrigerated containers (+4 °C). Serum was
separated by centrifugation at 3000 rpm for 10 minutes. Analyses were conducted on
fresh blood samples within two hours of collection.

Haematological studies were carried out according to standard veterinary
practice [47]. Biochemical parameters (total protein, urea, blood urea nitrogen,
creatinine, aspartate aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase, glucose, total calcium, inorganic phosphorus, carotene, total
lipoproteins, and beta-hydroxybutyrate) were determined using a BioSystem A25
automatic analyser (Spain) with certified diagnostic reagent kits produced by Filisit-
Diagnostika (Ukraine), Cormay (Poland), and Spinreact (Spain). Protein fractions
(albumin, a-, B-, and y-globulins) were determined by agarose gel electrophoresis. Red
blood cell indices were analysed using a Sysmex XS-10001 haematology analyser
(Japan) according to the manufacturer’s instructions and standard laboratory practice,
as previously described [9].

Statistical processing of the results was performed in Statistica 12 (StatSoft Inc.,
USA). Data are presented as the median and 25th and 75th percentiles. Spearman’s
correlation coefficient was used to determine associations between parameters, with
statistical significance set at 0.05. The coefficient of variation (CV, %) was used to
assess the variability of indicators.

Since the cows were fed a total mixed ration (TMR) throughout the year, this
ensured the stability of feeding and minimised the influence of nutritional factors on
the studied biochemical and haematological parameters. Under such conditions, the
main factor determining the physiological state of the animals was the weather, which
varied by season and created a differentiated background of adaptation.

227

ONoIE



Agrarian Bulletin of the Black Sea Littoral. 2026, Issue 118
ISSN2707-1162 (online) ISSN 2707-1154 (print) //Cinbcokozocnodapevki Hayku//

It was found that during the winter period, the mean ambient temperature was —
0.5 °C (ranging from —10.0 to +7.1 °C), the relative humidity was 80.4% (50.4-97.9%),
and the maximum temperature-humidity index (THI max) averaged 38.8 (25.6-50.4).
At the time of blood sampling, the ambient temperature was —1 °C, humidity was 89%,
and THI max was 31.9, which characterised conditions of minimal thermal load. The
low THI values during this period created near-thermoneutral conditions, where
physiological systems functioned without additional thermal stress, and the blood
parameters could be considered a baseline reference for assessing seasonal adaptation
shifts.

In spring, the average temperature increased to +10.5 °C (from —1.4 to +21.1 °C),
relative humidity decreased to 62.0% (32.3-96.3%), and THI max reached an average
of 58.5 (37.6-70.9). At blood sampling, the temperature was +12.4 °C, humidity was
51%, and THI max was 54.6, corresponding to a transition to moderate thermal load.
Under such conditions, gradual activation of thermoregulatory mechanisms and
metabolic adaptation occurred, which, according to the literature [17, 35], is mainly
reflected in changes in carbohydrate and lipid metabolism parameters.

During the summer season, the highest temperatures prevailed, with an average
of +20.8 °C (14.5-26.9 °C), relative humidity was 62.8% (26.0-96.9%), and the
maximum THI max reached 71.5 (61.5-79.8). At the time of blood sampling, the
temperature was +23 °C, humidity was 40%, and THI max was 68.3, which indicated
the presence of stress-related heat load on the cows. Under such conditions, heat stress
acted as a key trigger for metabolic rearrangements, in particular for liver function,
energy balance and haematopoiesis, and could alter the relationships between major
blood biochemical markers [4, 48].

In autumn, the average temperature decreased to +10.6 °C (from —0.3 to
+25.3 °C), while humidity increased to 78.5% (51.3-99.1%), and the average THI max
was 56.1 (36.7-76.8). At the time of blood sampling, the air temperature was +11 °C,
humidity was 94%, and THI max was 52.0, meaning moderate climatic conditions
prevailed. The combination of lower temperatures and high humidity could maintain
adaptive tension in the body after the summer heat stress and contribute to the
persistence of certain metabolic shifts.

In general, during the year, the mean daily ambient temperature ranged from —
10.0 °C to +26.9 °C, humidity from 26% to 99%, and THI max varied from 25.6 to
79.8 (annual average 56.3). Thus, blood sampling was conducted against the
background of various seasonal weather scenarios, which allows the observed changes
in biochemical and haematological parameters to be considered as a reflection of the
integrated physiological adaptation of cows to seasonally varying climatic pressure

under year-round loose housing [6, 49].
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The morpho-biochemical blood parameters provided a comprehensive reflection
of the physiological status of the animals under year-round housing in a naturally
ventilated barn. The obtained indicators made it possible to assess the coherence of
protein, energy, mineral and enzymatic metabolism in the context of adaptation of the
cows to variable seasonal microclimatic loads.

The protein metabolism in the cows studied was generally characterised by
parameters within the physiological norm (Table 1), which indicates the maintenance
of basic protein homeostasis under conditions of standardised feeding.

Table 1
Morpho-biochemical blood parameters of Brown Swiss cows, Median
(25th—75th percentile); n =50

Parameter Median 23 th_7§ th CV. % Reference
percentile range

Protein metabolism

Total protein, g/LL 73 70 —76 5.5 55-75
Urea, mmol/L 5.15 44-56 23.9 2.8-5.8
Urea nitrogen, mg% 9.8 8.4—-10.7 23.9 8—14
Albumins, % 38.06 31.72 -40.29 224 38-50
a-globulins, % 19.37 14.82 — 28.61 42.1 12-20
B-globulins, % 20.43 14.95 —24.58 35.4 10-16
v-globulins, % 20.21 15.02 — 26.86 34.7 25-40

Lipid metabolism

Total lipoproteins, mg% 1258 1165 — 1421 16.8 400-800

Beta-hydroxybutyrate, 0.43 0.34—0.56 35.5 upto 1.2

mmol/L

Carotene, mcg% 774.5 648 — 906 25.6 275-965
Carbohydrate metabolism
Glucose, mmol/L 2.7 23-34 19.0 2.5-4.16
Mineral metabolism

Total calcium, mmol/L 2.3 21-24 7.5 2.43-3.10
Inorganic phosphorus, 1.8 1.6-1.9 1.5 | 1.45-1.94

mmol/L
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Ca/P ratio, units 1.2 1.1-14 154 1.2-1.6
Enzyme activity
AST, U/L 96 82— 107 22.0 10-50
ALT, U/L 41.5 37-49 26.9 1040
Alkaline phosphatase, U/L 84.5 68 — 99 35.2 20-150
De Ruitis ratio (AST/ALT) 2.2 2.0-2.7 39.4 1.0-3.4
Functional liver tests
Thymol turbidIi;y test, units S- 47 39_6.7 40.8 0-4
Blood cell indices
Haemoglobin, g/L 108.5 102 - 117 10.1 80-150
Haematocrit, % 30.15 28.9-329 10.2 34-46
Erythrocytes, T/L 6.08 5.62 -6.50 10.3 5.0-7.5
MCYV, fL 51.38 48.47 - 53.11 7.5 40-60
MCH, pg 18.27 17.33 — 18.98 7.0 1724
MCHC, %10 g/L 35.63 34.28 —37.01 5.5 30-36
Colour index, units 0.995 0.940 — 1.030 7.0 0.56-1.05
ESR, mm/h 1.0 1.0-1.0 34.4 up to 13
Platelets, G/L 350.5 249 - 389 31.8 100-750
Leukocytes, G/L 10.9 9.7-12.8 21.0 4-12
Note: MCV — mean corpuscular volume; MCH — mean corpuscular

haemoglobin;

MCHC — mean corpuscular haemoglobin concentration; ESR — erythrocyte
sedimentation rate. Data in the table represent the results of the authors' investigations.

A relatively low coefficient of variation in total protein content throughout the
year indicates a generally homogeneous protein status of the herd, whereas much
greater variability in urea and globulin fractions (notably, a decrease in y-globulins by
9.5% below the lower reference limit) may reflect individual differences in protein
metabolism and immune system tension in response to seasonal microclimate changes.
Such dissociation between the stability of total protein and the variability of its
fractions is considered a characteristic sign of adaptive processes under chronic or

repeated climatic stressors [1, 49].
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A reduction in the proportion of albumin to the lower reference range in some
animals may indicate functional stress on the liver’s protein-synthetic capacity.
According to the literature, albumin is sensitive to changes in energy balance and heat
load, which allows it to be regarded as an early marker of metabolic adaptation under
stress conditions [36, 48].

The parameters of lipid metabolism were characterised by a trend towards
elevated total lipoprotein levels compared to the physiological norm (by 1.4 to 1.7
times), probably due to dietary features and adaptation of lipid transport. The low
coefficient of variation for this parameter indicates a generally homogeneous lipid
metabolism in the herd. Meanwhile, a high variability in beta-hydroxybutyrate reflects
different degrees of activation of ketogenesis, which may be associated both with
individual features of energy metabolism and with the response to heat stress [19, 23].

Blood glucose levels in most cows remained within the physiological range, and
the moderate coefficient of variation indicates overall stability in the herd’s energy
supply under uniform feeding. At the same time, individual deviations may reflect
different sensitivities to seasonal temperature fluctuations and the realisation of
alternative energy supply pathways, which is consistent with the concept of glucose as
a central regulator of metabolic adaptation under heat stress [27, 33].

The mineral metabolism indicators, in particular total calcium, inorganic
phosphorus, the Ca/P ratio, and carotene, were generally within reference values. Low
variability in calcium and phosphorus suggests effective control of mineral
homeostasis under standardised feeding, whereas higher variability in carotene may be
due to individual differences in absorption of fat-soluble vitamins and feed
components, which is often exacerbated under heat stress [37, 38].

Analysis of blood enzyme activity revealed that, in some animals, there was a
tendency towards exceeding the reference values for AST (by 1.6 to 2.1 times) and
ALT (by 1.2 times), which may be considered as a marker of metabolic load on the
liver. High coefficients of wvariation for these enzymatic parameters indicate
considerable individual variation in hepatocyte responses to microclimatic and other
stress factors, which is typical for adaptation processes under abrupt temperature
fluctuations [4, 10]. An increase in the thymol test in some cows (by 1.6 times above
the reference value) additionally indicates possible disturbances in hepatic protein
synthesis or a latent course of hepatopathies, and the significant variability of this
parameter reflects different levels of functional liver adaptation in the herd.

Most erythrocyte indices remained within physiological ranges, and low
coefficients of variation indicate stability in haematopoiesis processes under uniform
housing conditions. However, moderate variability in platelets and ESR may reflect
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individual features of haemopoiesis and immune reactivity, which becomes

particularly important under seasonal stress [11, 44].

Correlation analysis (Table 2) revealed both certain trends and significant
associations between the key biomarkers (beta-hydroxybutyrate, glucose, lipoproteins)
and other haematological and biochemical parameters. The identified relationships

reflect the integrated nature of metabolic regulation in cows under year-round loose
housing and seasonal variability in climatic load, which is in line with current views
on the systemic adaptation of the organism to heat stress.

Table 2.
Correlation coefficients (r) between blood parameters
Parameter hydrO)]?;lE?ltyrate, (Iilric(:)lji’ Total 12)1213/2 oteins,
mmol/L
Total protein, g/L 0.099 —0.026 0.162
Urea, mmol/L -0.161 —0.092 -0.141
Urea nitrogen, mg% —0.163 —0.093 —0.142
Creatinine, umol/L —0.106 —0.438* 0.243
AST, U/L —0.321* 0.207 —0.302*
ALT, U/L —0.465* 0.132 —0.215
De Ritis index (AST/ALT) 0.292* —0.095 —0.003
Alkaline phosphatase, U/L 0.013 0.040 —-0.051
Glucose, mmol/L —0.062 — -0.512%*
Total calcium, mmol/L 0.129 —0.742%* 0.532*
Eﬁfﬁrﬁic phosphorus, ~0.010 0.309* ~0.054
Ca/P, ratio 0.103 —0.561* 0.294*
Carotene, pug% 0.058 —0.218 0.399*
Total lipoproteins, mg% —-0.044 -0.512* —
Thymol test, S-H units —0.125 0.167 0.051
r]?r)::rtlzi)-ll/llyjdroxybutymte, o 0.062 _0.044
Albumin, % 0.079 —0.283* 0.098
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a-globulins, % —-0.051 0.109 -0.219
B-globulins, % —0.269 0.112 —-0.001
v-globulins, % 0.238 0.077 0.162
Haemoglobin, g/L 0.264 —0.242 0.251
Haematocrit, % 0.124 —-0472%* 0.417*
MCH, pg 0.379* 0.333* —0.192
MCHC, %10 g/L 0.335* 0.385* —0.306*
Platelets, G/L 0.244 —0.250 0.101
Leukocytes, G/L 0.044 —-0.076 0.143

Note: *indicates p < 0.05. Data are results of the authors’ study.

Among the main biochemical blood parameters, beta-hydroxybutyrate
demonstrated a number of significant associations, reflecting its role in the systemic
adaptation of cows to year-round loose housing in naturally ventilated facilities.
Statistically significant negative correlations were recorded with the activity of liver
enzymes AST (r = —0.321; p = 0.0226) and ALT (r = —0.465; p = 0.0006), indicating
an inverse relationship between the intensity of ketogenesis and hepatocytic activity.
A similar mechanism has been described in studies in which an increase in ketone
bodies was associated with a decrease in the activity of hepatic enzymes against the
background of seasonal metabolic shifts in the organism [43, 50]. A significant positive
correlation with the De Ritis ratio (r = 0.292; p = 0.0397) confirms that an increase in
the AST/ALT ratio is accompanied by more intensive ketogenesis, which can be
interpreted as an adaptive response to changes in the microclimate and energy balance.

A significant association was found between the concentration of beta-
hydroxybutyrate and the erythrocyte indices MCH (r = 0.379; p = 0.0065) and MCHC
(r=0.335; p=0.0175), reflecting a possible role of ketone bodies in the regulation of
oxygen transport and erythrocyte metabolism as part of compensatory responses under
increasing hypoxia [44, 51]. Among the observed trends, negative correlations of this
biomarker with beta-globulins (r =—0.269; p = 0.0582) and haemoglobin (r = 0.264; p
= (0.0641) are also noteworthy, which, although not statistically significant, may
indicate general mechanisms of interaction between ketone and protein metabolism.
Similar trends have been associated with changes in the blood protein profile during
periods of adaptation to heat stress, underlining the multifunctionality of ketone bodies
in metabolism [35, 36].
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Blood glucose also demonstrated both statistically significant and trending
associations with metabolic and mineral markers. Significant negative correlations
with creatinine (r = —0.438; p = 0.0014), total calcium (r = —0.742; p < 0.0001), Ca/P
ratio (r =-0.561; p <0.0001), total lipoproteins (r = —0.512; p = 0.00014), albumin (r
=—0.283; p = 0.0456) and haematocrit (r = —0.472; p = 0.0005) indicate the complex
influence of energy metabolism on protein, lipid and mineral homeostasis, which is
consistent with other studies in cows and goats under heat stress [18, 27, 33]. A
significant positive association was identified between glucose and inorganic
phosphorus (r = 0.309; p = 0.0287), as well as with the erythrocyte indices MCH (r =
0.333; p = 0.0179) and MCHC (r = 0.385; p = 0.0057), suggesting the influence of
glucose on haematopoiesis and oxygen transport. Similar associations and the role of
glucose in maintaining erythropoiesis and erythrocyte function have also been
confirmed in cattle under both stall and pasture conditions [6, 17].

Trends were observed in the relationships with carotene, beta-globulins and
platelets, where the correlation coefficients suggested a possible influence of glucose
on the vitamin and cellular composition of the blood, but statistical significance was
not achieved. Weak associations between carbohydrate metabolism indicators, fat-
soluble vitamin content and immune response of animals under seasonal changes have
also been described in the literature [21, 37].

For total lipoproteins, multi-vector associations with metabolic and
haematological parameters were identified. Significant positive correlations with total
calcium (r = 0.532; p = 0.00007), carotene (r = 0.399; p = 0.0041), haematocrit (r =
0.417; p=0.0025) and Ca/P ratio (r = 0.294; p = 0.0385) highlight the integrated role
of lipid metabolism in the regulation of mineral homeostasis and haematopoiesis.
Several authors emphasise that lipoproteins serve as central integrators between the
mineral, vitamin and haematopoietic components of adaptation under various models
of heat or oxidative stress [38, 52, 53]. Significant negative correlations with AST
activity (r =—0.302; p = 0.0329), MCHC (r = —0.306; p = 0.0303) and glucose (r = —
0.512; p = 0.00014) reflect complex interactions between lipid, energy and hepatic
metabolism. Similar results have been reported in studies with models of summer stress
and comparisons of blood lipoprotein and enzyme levels at different times of the year
[12, 36].

Trends were also observed for associations with beta-globulins, haemoglobin
and platelets, which require further analysis to elucidate their biological significance.
At the same time, variability in these parameters has repeatedly been recorded during
transitional periods, which may be related to individual animal responses and the
impact of seasonal microclimate [22, 43].
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Thus, the results obtained indicate that beta-hydroxybutyrate, glucose and
lipoproteins are not only biological markers of individual metabolic pathways but also
reflect the status of protein, mineral, enzymatic and haematological profiles in a
comprehensive manner. The identified significant associations confirm the integration
of homeostatic regulatory mechanisms, which is consistent with modern concepts of
animal adaptation physiology to climatic and technological factors [8, 54, 55].

Conclusions and prospects for further research. It was established that in
Brown Swiss cows kept year-round in a naturally ventilated loose housing system,
beta-hydroxybutyrate, glucose and total lipoproteins exhibit close correlations with the
main morpho-biochemical blood parameters. These biomarkers were found to be the
most sensitive indicators reflecting changes in energy, protein and mineral metabolism,
as well as adaptive processes in the animals throughout the year. Further research
should focus on assessing the prognostic value of these biomarkers for different dairy
cattle breeds, as well as on developing integrated biological indices for systematic
monitoring of adaptation and welfare in cattle under industrial conditions with year-
round housing in naturally ventilated barns.
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KOPEJIALIA MIK KJIIOYOBUMHU BIOMAPKEPAMM (BETA-
T'IJIPOKCUBYTUPAT, TJIIOKO3A, JIIMONPOTEIAN) TA
ITOKABHUKAMM KPOBI Y HIBIIIBKUX KOPIB 3A YTPUMAHHS Y
IMPUPOJHO BEHTHJIBOBAHOMY IIPUMIINEHHI

AHoTanisa

Y pobomi Oocniooceno ocobrusocmi 63a€M038’A3Ki6 MidC KIOYOBUMU OiomapKepamu
eHepeemuyHo20 ma AinioHo2o oominy (bema-ciopokcubymupam, 2noKo3a, ainonpomeiou) i mopgho-
OIOXIMIUHUMU NOKAZHUKAMU KPOBI Y KOPIi8 OYpoi weiybKoi nopoou 3a yMo8 YiiopiuHo2o YmMpUuMaHHs
Y NPUPOOHO-6EHMUNLOBAHOMY NPUMIWEHHI. AKmyanrbHicmb npobiemu 3YMOBIeHd 3POCMAHHAM
yacmomu mMemaboniYHUX NOPYULeHb | NPOsSI8Y MeENi08020 CIMPECy V 8UCOKONPOOYKMUBHUX MBAPUH,
WO NOCUTIOEMbCS 3d 6NIUBY CE30HHUX KOAUBAHb MIKpOKAimMamy. Bueuenns ingopmamuenocmi
Kpo8 sinux biomapkepie € nepcnekmusHum O0Jisl pAHHbOI OlA2HOCMUKU MemadOaidHO20 HANPYIHCEHHS
ma niosuweHHs: epexmusHocmi KOHMPOO 3a cmanom 000pooymy meapun. Jlocniodcenms
nposedeHo Ha Koposax Opyeoi nakmayii (n=50) Ha 00HOMY 3 HAUOILILUUX MOIOYHUX KOMNAEKCI8 i3
Ppo38edents 6ypoi weiybKoi nopoou 8 YeHmpanvbHil yacmuni YKkpainu. 3a KOJCHUM Ce30HOM POKY
BUNAOKOBUM YUHOM OYIU CHOPMOBAHI penpe3eHmamusHi pynu MOJOYHUX KOPI8 3 O0OHAKOBOIO
npoodykmusHicmio i nepiooom naxkmayii. Jocnioxcyeanu OinKo8ul, AiniOHUL, BY21e800HUL I
MIHEpanbHullL OOMIH, a MAKOM#C NOKASHUKU KposomeopenHs. Ilocooni ymosu (memnepamypa,
80102iCMb, PO3PAXYHOK MEeMNepamypHo-60J102ICHO20 THOEKCY) OYIiHI08ANU 3a OAHUMU HAUOIUNCHOL
Memeocmanyii. B3aemo3e’ 130K Midc NOKA3HUKAMU KPOGI 8U3HAYAIU 34 Koeghiyienmom Kopenayii
Cnipmena. Ilpeocmaenennss Oawux i cmamucmuyua o006poOKa NposedeHi i3 BUKOPUCTAHHAM
npozpamuozo 3abesneyenns Statistica 12 (StatSoft Inc., USA). [locmosipnumu 8asicanu pe3yiomamu
npu P< 0,05. Pe3ynomamu nokasanu, wo Oema-2iopokcubdymupam mas O0OCMOSIPHI He2amueHi
38’A3Ku 3 akmusHicmio neuinkosux gepmenmis (AJIT, r = —0,465; ACT, r = —0,321; p < 0,05).
I nroko3a neeamuero Kopeniosana iz 3azanvium xanvyiem (r = —0,742; p < 0,05), cniggionouieHHAM
Ca/P (r =—-0,561; p < 0,05), cemamoxpumom (r = —0,472; p < 0,05), 3aeanbHumu ninonpomeioamu
(r=-0,512; p < 0,05) ma arvoyminamu (r = —0,283; p < 0,05), a no3sumusHo — 3 HeOpP2aHIUHUM
docgopom (r = 0,309; p < 0,05), MCH (r = 0,333, p < 0,05) i MCHC (r = 0,385; p < 0,05). [{na
Jinonpomeioie UABUBCs XaApaKMepHUM NO3UMUBHULL 38 A30K 13 3a2anvHum Kanvyiem (r = 0,532; p <
0,05), kapomunom (r = 0,399; p < 0,05), cemamoxpumom (r = 0,417; p < 0,05), Ca/P (r = 0,294, p
< 0,05) ma necamusnuii — 3 ACT (r = —0,302; p < 0,05) ma MCHC (r =-0,306, p < 0,05). Busgneni
00CmMOGIpHI  Kopenayii Midc KIo4osumu Oiomapkepamu 1 2emMamonociyHUMU NOKAZHUKAMU
8i000Opasdcaromsb  KOMNIEKCHICMb  pe2yIsamopHUX —MexaHizmie ecomeocmasy. OmpumaHi Oawi
niomeepoXCyloms OOYIIbHICMb 00HOYACHO20 MOHIMOpUHZY OGema-2iopokcubymupam, 2uoKo3d,
Jinonpomeiou 6 Kpoei 0l OYiHKU MemaboNiuHoi adanmayii ma pu3uxié po36umky NopyueHsb 3d
CYUACHUX cucmem YMpUMAHHs MOTOYHUX KOPIB.

Knrwowuoei cnosa: roposu wsiybkoi nopoou, Oiomapkepu, mopghonociuni i OioxXimiumi
NOKA3HUKU KPOBI, Kopenayisn, aoanmayis, MiKpOKIimam.

Crarrts mamiima g0 pemakiii 20 ciuas 2026 poky
CrarTs npoinuia pereHsyBanHs 23 motoro 2026 poky
Crarts onyosmikoBana 30 6epesns 2026 poky.
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