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The increase in technogenic load on agroecosystems, particularly the contamination of the feed base
with heavy metals, represents a significant risk to the health and productivity of young cattle. Lead and
cadmium, accumulating in feeds, can disrupt hematopoiesis, immune reactivity, protein and enzymatic
metabolism, which is reflected in changes in morphological and biochemical blood parameters. Therefore,
assessment of the hematological and biochemical blood profile of young cattle kept in areas with different
levels of technogenic load is an informative approach for the early detection of functional disorders and
Justification of preventive measures. The aim of the study was to determine the characteristics of morpho-
logical and biochemical blood parameters of young cattle kept in different zones of technogenic load and to
evaluate their relationship with the functional state of the hematopoietic system, immune defense, and liver.
The study was conducted at the facilities of the agricultural cooperatives “Nyva” and “Ukraina” in the
Rivne region. A high content of lead and cadmium in feeds was detected at “Ukraina”, with different accu-
mulation intensities depending on feed type: the highest cadmium levels were found in grain and concen-
trated feeds (exceeding the maximum permissible levels by 1.23—1.39 times), whereas lead predominantly
accumulated in succulent feeds and green forage (exceeding the MPL by 69.2-79.1 %). Black-and-white
breed bull calves were selected for the experiment considering age and live weight (n = 10 in each group).
In stabilized blood, hemoglobin content and the number of erythrocytes and leukocytes were determined
using a Mythic-18 hematology analyzer. In blood serum, total protein, protein fractions, and aminotransfer-
ase activity were assessed according to the method of Vlislo V. (2012). In young cattle kept under conditions
of increased technogenic load (“Ukraina”), compared with animals from “Nyva”, a decrease in erythrocyte
count by 7.4% and hemoglobin concentration by 7.1 % was observed, indicating suppression of erythropoi-
esis and reduced oxygen-transport function of the blood under technogenic stress. The leukocyte count was
higher by 13.5 %, which may indicate immune system tension and activation of protective mechanisms in
response to environmental stress. Protein metabolism parameters were characterized by a decrease in
serum total protein concentration by 5.9 % and a reduction in albumin fraction by 5.7 %, reflecting im-
pairment of the protein-synthesizing function of the liver. At the same time, an increase in the y-globulin
fraction by 8.6 % was noted, indicating activation of the humoral immune response. Aminotransferase
activity in the blood of animals from “Ukraina” was significantly higher than in cattle from “Nyva”: AST
activity increased by 9.1 % and ALT by 11.9 %, indicating functional liver strain and intensification of
metabolic processes under technogenic load. Keeping young cattle in areas with increased technogenic load
is associated with reduced erythrocyte indices and protein metabolism markers, increased leukocyte count
and y-globulin fraction, as well as elevated aminotransferase activity, which together reflect the develop-
ment of adaptive-compensatory responses and functional liver stress. The obtained data substantiate the
expediency of regular hematological and biochemical monitoring of young cattle in technogenically loaded
areas.

Key words: young cattle, technogenic load, lead, cadmium, hematological parameters, protein frac-
tions, AST, ALT, adaptation, liver.
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Mopddoaoriuni Ta 0ioXiMiYHI MOKA3HMKH KPOBI MOJIOJHSIKY BeJHMKOI poraroi
Xya00M B YMOBAX TeXHOT¢€HHOT0 HABAHTAKEHHS

C. 0. Cno6omau™, b. B. I'yruii, A. A. Kamak, T. B. Maptumyk, L. . Xapis, P. M. Ipamkis

JIvsiscokuti nayionanvhuii ynieepcumem eemepunaphoi meduyunu ma 6iomexuonozii imeni C. 3. Tcuybrozo, m. Jlveis,
Ykpaina

3pocmanns mexnozenno20 HABANMAICEHHS HA A2POEKOCUCTNEMU, 30KpeMa 3a0pyOHeH s KOPMOBOI Oa3u 8adNCKUMU MEMANAMU, € 8AICTIU-
8UM PUBUKOM O 300p08 sl Ma NPOOYKMUBHOCH] MONOOHAKY eeauxoi poeamoi xyoobu. Ceuneyb i KaOMill, HAKONUYYIOUUCL Y KOPMAX, MO-
JACYMb NOPYULYBAMU NPOYECU KPOBOMBOPEHHS, IMYHHY PeakmueHicmb, OIIKOGUll ma @epmenmamueHuil 0OMiH, wo 6idobpadicacmvcs y
3MIHAX MOpGONo2iyHUX | OIOXIMIUHUX NOKA3HUKIE Kposi. ToMy oyiHKa 2emamonoziunoco ma 0ioxXiMiuHo2o npogino Kposi MorooHsKy BPX,
AKUU YMPUMYEMbCS 8 30HAX 3 PI3HUM PIGHEM MEXHO2EHHO20 HABAHMAIICEHHA, € THPOPMAMUSHUM NIOXOOOM OISl PAHHLO2O GUAGICHMS
@ynryionansHux nopyuwiens i 00TpyHmyeants npoPIIaKmuyHux 3axo0ie. Mema 00CHONCEHHS — SU3HAUUMU 0COOIUBOCIT MOPPONOIUHUX |
OIOXIMIMHUX NOKA3HUKIE KPOBI MONOOHSIKY eIUKOI po2amoi xy0oou, sSIKUX YMPUMYIOmMs Y PI3HUX 30HAX MEXHO2EHHO20 HABAHMAIICEHHS, ma
OYiHUmMU IX 36 A30K i3 (YYHKYIOHANLHUM CIMAHOM CUCTEM KPOBOMBOPEHHs, IMYHHO20 3axXucmy ma neydinku. JJocriodceHHs 6uKOHaHo Ha 6asi
CBK “Husa” ma CII “Vkpaina” Pignencoxoi obnacmi. Y CII “Vkpaina” ecmanosneno sucokuii éMicm ceunyio ma KaoMiio 6 KOpMax i3
PI3HOIO IHMEHCUBHICIIO HAKONUYEHHS 3A1eAHCHO IO UOY KOPMIG: HAUOLIbWE PIGHI KAOMIIO GUAGISLIU ) 3€PHOGUX | KOHYEHMPOBAHUX KOPMAX
(nepesunjernss maxcumanbHo donycmumux pieuie y 1,23—1,39 pasza), mooi sk ceuneyb nepeeasicHo HAKONU4UYBABCs 8 COKOBUMUX KOPMAX i
senenitl maci (nepesuwenns MJIP y meoxcax 69,2-79,1 %). [dns docnidy 6idibpano Oyzaiiyieé 4opHo-psiboi nopoou 3 ypaxyeaHHaM 6iKy ma
arcusoi macu (n = 10y xoocniti epyni). Y cmabinizosaniti kposi susHauanu emicm 2emo2n00iHy, KilbKicmes epumpoyumis i aetikoyumis 3a
00nomo20i0 2emamonoziunozo ananizamopa Mythic-18. YV cuposamyi kpogi docniodicysanu 3a2anivHuti npomein, 6iikosi ppakyii ma axmug-
HiCmMb amiHompanchepas 3a MemoouKow OnuUcanor 6 008IOHUKY Buizna B. B. (2012). ¥ monoousxy eeaukoi pocamoi xyoobu, axkuil ympu-
MY8a6cs 6 30HI NiOBULEHO20 mexHo2enHo20 HasanmadxcenHs (CII “Vkpaina”), nopienano 3 meapunamu CBK “Huea” ecmanoeéneno 3Hu-
Jicenns Kinokocmi epumpoyumie na 7,4 % ma piens cemoenodiny na 7,1 %, wo 6kazye npo npucHivenus. epumponoesy il 3MeHueHHs KUcHe-
6omMpaHcnopmuol QyHkyii kposi 6 ymosax Oii mexHoeeHHuUx uunHHukie. Kinexicme netikoyumie y kposi monoouaxy CII “Vkpaina” 6yna
suwjoro Ha 13,5 %, wjo modice 6Kazy8amu Ha HANPYHCeHHs. IMYHHOI cucmemu ma aKmueayiro 3aXUCHUX Mexaunismie opeanizmy y 6ionoeios Ha
exonoeiynuil cmpec. [lokasnuxu 6i1K08020 OOMIHY XAPAKMEPUIYBANUCI SHUNHCEHHAM PIBHA 3A2ATbHO20 Npomeiny 6 cuposamyi kposi Ha 5,9 %
ma 3mMeHueHHAM YacmKu anvOyminie na 5,7 %, wo ioobpasicac nopyutenns npomeincunmesysanbhoi Qyukyii nevinku. Boonouac y meapun
i3 30HU NIOBUWYEHO20 MEXHO2EHHO20 HABAHMAICEHHS BIO3HAYEHO 30LNbUeHHs YyacmKku y-2106yainie Ha 8,6 %. AxmueHicmb aminompancgpe-
paz y kposi monoouaxy CII “Vkpaina” Oyna oocmosipno euwoio nopisusino 3 meapunamu CBK “Huea”: axmuenicme AcAT spocia na
9,1%, a AnAT — na 11,9 %, wo exasye na ynkyionanvhe HANpysceHHs Nedinku ma iHmeHcu@ikayilo MemaboIyHUX npoyecie 3a ymos
MEXHO2EHHO20 HABAHMAIICEHHS. YMpumants MonooHaxy BPX y 30mi niosuwenoco mexnozenHo2o Ha8AHMAaNCEHHsL ACOYIIOEMbCS 31 3HUINCEH-
HSM epUmpOYUMAapHUx NOKA3HUKIE | MApKepie OLIK08020 0OMIHY, NIOBUUEHHAM JIeUKOYUMIG [ Y-2100VIIHI8, A MAKONC 3POCMAHHAM AKMUG-
Hocmi amiHompaucgepas, wo 6 cyKynHocmi 8i000paxcae GopmyeanHs aoanmayiiHo-KOMNEHCamopHUX peakyitl opeaHismy ma @yHKyio-
Hanvhy Hanpyey nedinku. Ompumani Oaumi 06IPYHMOBYIOMb OOYLIbHICMb PeSYIsIPHO20 2eMAMON02IYH020 | BIOXIMIYHO20 MOHIMOPUHZY MO-
100usKy BPX y 30Hax mexHo2eHHO20 HABAHMANCEHHL.

Kntwouosi cnoea: monoonsax eenuxoi poeamoi xyooou, mexHozeHHe HABAHMANCEHHS, C8UHeYb, KAOMIl, 2eMamono2iuHi NOKA3HUKU, OIIKO8I
dpaxyii, AcAT, AnAT, adanmayis, neyinka.
Introduction in food chains (Zheng et al., 2021; Kailasam & Peiter,

2021; Smychok et al., 2023). Heavy metal toxicity is

The intensification of agricultural production under
conditions of increasing anthropogenic and technogenic
pressure on the environment necessitates a deeper study
of the adaptive capacities of animal organisms (Gutyj et
al., 2019; Ostapyuk et al., 2025). Environmental pollution
with heavy metals, industrial emissions, agrochemicals,
and other xenobiotics adversely affects metabolism, the
functional state of organs and systems (Gutyj et al., 2017;
Shchebentovska & Kostyniuk, 2020; Grymak et al., 2025;
Vus et al., 2025), as well as the level of nonspecific re-
sistance of young cattle.

One of the most widespread types of pollution is the
release of significant amounts of heavy metals into the
natural environment, which in terms of ecological hazard
are second only to pesticides. Heavy metals are capable of
accumulating in the bodies of productive animals, and due
to their widespread distribution and accumulation in envi-
ronmental components, especially soils, they can be clas-
sified as priority environmental pollutants (Slobodian et
al., 2019; Lavryshyn et al., 2020; Nordberg & Nordberg,
2022; Kraikivska et al., 2023).

An increase in heavy metal content in soils leads to
enhanced uptake by plants and subsequent accumulation

determined by their electronic configuration, electronega-
tivity, redox potential, ionization capacity, affinity for
specific chemical groups, ability to penetrate cell mem-
branes and form complexes on the cell surface and inside
the cell, as well as by the structural and functional organi-
zation of the biological system (Bashchenko et al., 2020;
Gul et al., 2021; Kar & Patra, 2021).

The problem of environmental pollution has intensi-
fied interest in studying heavy metals, particularly cadmi-
um and lead, as stress factors and in identifying the mech-
anisms by which organisms protect themselves from their
toxic effects (Ozturk et al., 2021; Rezapour et al., 2021;
Ostapyuk et al., 2023). Therefore, over recent decades,
the research focus of many scientists has been directed
toward investigating the effects of pollutants on living
organisms, especially productive animals (Slivinska et al.,
2019).

The accumulation of cadmium and lead in compo-
nents of the natural environment increases the risk of their
entry into animal organisms and poses a serious threat to
animal health (Shiyntum & Ushakova, 2015; Akter et al.,
2019). Numerous experimental studies indicate that in
mammals, cadmium and lead exert toxic effects on a wide
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range of organs and systems (Zeng et al., 2021; Zhao et
al., 2021; Gutyj et al., 2022, 2023; Ostapyuk et al., 2024).

Young cattle are particularly sensitive to the action of
adverse environmental factors, as their organisms are at
the stage of intensive growth and formation of physiolog-
ical and adaptive mechanisms. Prolonged exposure to
technogenic load can lead to the development of oxidative
stress, disturbances in hematopoiesis, immune responses,
and liver functional activity, which subsequently nega-
tively affect animal productivity and viability.

One of the most informative and objective methods
for assessing the physiological state of animals, the level
and direction of metabolic processes, as well as for early
diagnosis of homeostasis disturbances, is the analysis of
morphological and biochemical blood parameters (Slivin-
ska et al., 2019). Blood, as a highly organized tissue,
rapidly responds to adverse environmental factors, reflect-
ing changes in hematopoietic, immune, protein, and en-
zymatic systems. At the same time, its composition is
characterized by relative stability under physiological
conditions, making hematological and biochemical indi-
ces reliable markers of the functional state of the organ-
ism (Kowalczyk et al., 2021).

Numerous studies have demonstrated that long-term
maintenance of animals in areas with increased techno-
genic load is accompanied by reduced erythropoiesis
intensity, impaired protein-synthesizing liver function,
changes in enzyme system activity, and immune response
tension (Martyshuk et al., 2020; Mylostyvyi et al., 2021).

In this context, the study of morphological and bio-
chemical blood parameters of young cattle reared in farms
located in areas with different levels of technogenic load
is highly relevant, aiming to assess the adaptive potential
of the organism and to enable early detection of metabolic
and functional disorders.

Research objective

The aim of the study was to determine the characteris-
tics of morphological and biochemical blood parameters
of young cattle kept in different zones of technogenic load
and to evaluate their relationship with the functional state
of the hematopoietic system, immune defense, and liver.

Materials and Methods

All experimental procedures were performed in ac-
cordance with the European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986).

The study was conducted at the facilities of the agri-
cultural cooperatives “Nyva” (Dubno District) and
“Ukraina” (Dubrovytsia District) of the Rivne Region. A
high content of lead and cadmium in feeds was detected at
“Ukraina”. At the same time, significant differences in the
accumulation of these metals were identified among dif-
ferent feed types. The highest cadmium levels were found
in grain and concentrated feeds, where its concentration
exceeded the maximum permissible levels by 1.39 times
(wheat), 1.35 times (rye), and 1.23 times (barley). Re-
garding lead content, the highest concentrations were
detected in succulent feeds, particularly in sugar beet tops

by 79.1 %, green mass of natural pasture grasses by
69.3 % and 76.4 %, and green mass of vetch—oat mixture
by 69.2 % and 70.7 %, exceeding the maximum permissi-
ble levels.

Black-and-white breed bull calves were selected for
the experiment considering age and live weight. Before
the beginning of the experiment, all animals underwent
clinical examination, were weighed, and baseline bio-
chemical parameters and background levels of microele-
ments were determined. Animals were fed individually
according to balanced rations adjusted for live weight and
age in accordance with established standards.

In stabilized blood, hemoglobin concentration, eryth-
rocyte and leukocyte counts, and red blood cell indices
were determined using a Mythic-18 hematology analyzer.
Serum total protein concentration, protein fractions, and
aminotransferase activity were assessed according to the
method described by Vlislo (2012).

Data analysis was performed using Statistica 6.0 soft-
ware (StatSoft Inc., USA). Data are presented as x = SD
(mean + standard deviation). Differences between the
control and experimental groups were evaluated using
ANOVA, with differences considered statistically signifi-
cant at P < 0.05, taking into account the Bonferroni cor-
rection.

Results and Discussion

Among the methods that allow an objective assess-
ment of the level and direction of metabolic processes,
evaluation of health status, and the course of physiologi-
cal processes in the organism, blood analysis occupies a
prominent place, since all mineral substances essential for
life are delivered to cells via the blood, and its composi-
tion is a relatively stable indicator. The necessity of blood
examination is primarily determined by the physiological
significance of this tissue and the changes that occur in it
under various pathological conditions.

Figure | presents the hematological and biochemical
blood parameters of young cattle kept in different zones
of technogenic load (AGC “Nyva” and AE “Ukraina”).
The erythrocyte count in animals from AGC “Nyva” was
slightly higher (5.4 + 0.38 T/L) compared with young
cattle from AE “Ukraina” (5.0 + 0.22 T/L), which corre-
sponds to a higher hemoglobin concentration (113 £ 0.68
g/L versus 105 + 0.72 g/L, respectively). This may indi-
cate a better state of erythropoiesis and oxygen-transport
function of the blood in animals from AGC “Nyva”.

120 113
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80

60

40 i |
0 [R—— = _ [R—

Leukocytes, G/L Hemoglobin, g/L

Erythrocytes, T/L
B AGC “Nyva” ®AE “Ukraina”

Fig. 1. Morphological blood parameters of young cattle
reared in different zones of technogenic load, x + SD
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A decrease in erythrocyte count and hemoglobin con-
centration in the blood of young cattle from AE
“Ukraina” compared with animals from AGC “Nyva”
may indicate suppression of erythropoiesis and a reduc-
tion in the oxygen-transport function of the blood under
conditions of increased technogenic load. Similar changes
have been described in the literature as one of the early
adaptive responses of the organism to prolonged exposure
to environmental stressors, particularly heavy metals and
industrial pollutants, which are capable of disrupting
hemoglobin synthesis and the functional activity of the
bone marrow.

The leukocyte count in the blood of young cattle from
AE “Ukraina” was higher (10.9 + 0.49 G/L) than in ani-
mals from AGC “Nyva” (9.6 = 0.34 G/L). An increased
leukocyte count may indicate immune system tension or
an adaptive response of the organism to unfavorable envi-
ronmental conditions.

The level of total protein in blood serum was higher in
animals from AGC “Nyva” (64.0 + 0.99 g/L) compared
with AE “Ukraina” (60.25 + 0.87 g/L). The proportion of
albumins was also higher in the first group (39.03 =+
0.31% versus 36.81 + 0.48 %), indicating a better protein-
synthesizing function of the liver and a more stable pro-
tein metabolism (Fig. 2).

i

80
70

60,25
60
50

39,03 36,81

I

30,59
28,17 I

17,12 16,86 15,68 14.74

II
.I

Total protein,
gL

Albumins, % a-globulins, % p-globulins, % 7y-globulins, %

B AGC “Nyva”
Fig. 2. Protein-synthesizing function of the liver in young
cattle reared in different zones of technogenic load, x + SD

u AE “Ukraina”

The content of a- and B-globulins in animals from
both farms did not differ significantly; however, the pro-
portion of y-globulins was higher in young cattle from AE
“Ukraina” (30.59 = 0.67 %) compared with AGC “Nyva”
(28.17 = 0.75 %). This may indicate activation of the
humoral arm of the immune system under conditions of
increased technogenic load.

Significant changes were observed in the activity of
certain blood enzymes in bull calves from farms with
different levels of technogenic load. In particular, in AE
“Ukraina”, the activity of transaminases was higher by
9.1 % (AST) and 11.87 % (ALT) compared with AGC
“Nyva” (Fig. 3). Increased aminotransferase activity
(AST and ALT) in the blood of young cattle from AE
“Ukraina” is an important indicator of the functional state
of the liver and intensification of catabolic processes. The
increase in the activity of these enzymes may be associat-
ed with increased permeability of hepatocyte cell mem-
branes, activation of detoxification mechanisms, and the
development of subclinical metabolic disorders under the

influence of technogenic factors. Such changes are con-
sidered markers of the initial stages of hepatodystrophic
processes that are not accompanied by pronounced clini-
cal manifestations.

STG
478
27,8
24,5 I

AST (aspartate aminotransferase), U/L  ALT (alanine aminotransferase), U/L

60

50

0

B AGC “Nyva” = AE “Ukraina”
Fig. 3. Aminotransferase activity in the blood serum of
young cattle reared in different zones of technogenic load,

x+SD

The obtained results indicate that young cattle kept in
areas with higher technogenic load exhibit signs of im-
mune system tension and increased enzymatic activity of
the liver, whereas animals from less contaminated areas
are characterized by more stable indicators of hematopoi-
esis and protein metabolism.

Thus, the combination of changes in morphological
and biochemical blood parameters in young cattle kept
under conditions of increased technogenic load indicates
the formation of adaptive-compensatory responses mani-
fested by immune system tension, disturbances in protein
metabolism, and functional liver strain. At the same time,
more stable blood parameters in animals from AGC
“Nyva” indicate more favorable rearing conditions and a
higher adaptive potential of the organism.

The obtained results emphasize the expediency of reg-
ular hematological and biochemical monitoring of young
cattle under conditions of technogenic load in order to
enable early detection of functional disorders and to sub-
stantiate preventive measures.

Conclusions

1. In young cattle kept in areas with increased tech-
nogenic load, a decrease in erythrocyte count, hemoglobin
level, total protein, and albumin content was established,
indicating suppression of hematopoiesis and disturbances
in protein metabolism.

2. An increase in leukocyte count and the propor-
tion of y-globulins in the blood of animals from techno-
genically loaded areas indicates immune system tension
and activation under environmental stress.

3. Increased AST and ALT activity in the blood of
young cattle reared under conditions of increased techno-
genic load is an indicator of functional liver strain and
intensification of metabolic processes.

4. The detected changes in morphological and bio-
chemical blood parameters reflect the formation of adap-
tive-compensatory responses in young cattle depending
on the level of technogenic load.
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