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Abstract. The relevance of the study is determined by the need to increase the resistance and adaptability of
young Karakul sheep in conditions of a sharply continental climate and intensive livestock farming, which requires
the search for safe metabolic stimulants. The use of probiotics in the early postnatal period is considered a
promising way to improve haematological and metabolic parameters in farm animals. The aim of this study was
to investigate the effect of the probiotic “Maxilac” on the morphological and biochemical parameters of blood
in Karakul lambs aged two and four months. To achieve this goal, an experiment was conducted on 20 clinically
healthy lambs, evenly divided into control and experimental groups. The probiotic under investigation was added
to the drinking water of the experimental group at a rate of 1 g per 100 1. The dynamics of growth were assessed by
evaluating the erythrocyte and leukocyte formulas, haemoglobin levels, and blood metabolites. It was found that
the lambs in the experimental group had a significantly higher number of erythrocytes (up to 10.48 million/pl)
and haemoglobin level (up to 11.82 g/1) compared to the control group, as well as a physiological decrease in the
number of leukocytes. Biochemical indicators showed an increase in the concentrations of glucose, urea, total
bilirubin, and cholesterol, which may indicate the activation of metabolic processes. At the same time, a moderate
decrease in the levels of total protein, chlorides, calcium, and phosphorus was observed. These changes persisted
at both control points - at 2 and 4 months. Thus, the use of the probiotic under study had a positive effect on
metabolic and haematological parameters, which allows it to be recommended for the prevention of alimentary
disorders and the optimisation of the development of young Karakul sheep
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Introduction

Livestock farming is one of the key sectors of agricul-
ture in Uzbekistan, particularly important for desert
and semi-desert regions. Karakul sheep farming occu-
pies a special place in this sector, providing the popu-
lation not only with food but also with a sTable source
of income. One of the pressing tasks for the industry
remains increasing the productivity of young animals,
strengthening their immunity and reducing mortality.
With the ban on the use of feed antibiotics since 2020,

there has been increased attention to biologically safe
methods of growth stimulation, in particular probiot-
ics. However, the effect of probiotic supplements on the
physiological and biochemical parameters of Karakul
lambs’ blood has not been sufficiently studied, which
determines the need for comprehensive research.

The relevance of the topic was confirmed by a
study by T. Liu et al. (2022), which evaluated the effect
of Lactiplantibacillus plantarum on the physiological
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condition of Sunit sheep. A significant decrease in blood
lipid levels, increased expression of genes involved in
lipid metabolism, and an increase in the content of ben-
eficial metabolites and aromatic compounds in adipose
tissue were observed. The authors concluded that pro-
biotics have a complex effect on metabolic processes,
contribute to improving product quality, and can be ef-
fectively used in sheep breeding, which makes this ap-
proach promising for karakul breeding as well.

In order to increase the survival rate of Karakul
lambs, the use of probiotic preparations in the lambs’
diet, along with milk, has shown high efficiency. Due to
their biological properties, probiotics are widely used
in animal husbandry and veterinary practice. This is
proven by the work of S. Saha et al. (2023), which ex-
amines the effect of probiotics on the meat quality of
small ruminants. The authors found that probiotics
contribute to improving carcass weight, colour, aroma,
tenderness, muscle fibre structure and the content of
beneficial fatty acids. However, the results of various
studies were inconsistent, which can be explained by
different strains, dosages, housing conditions, and the
physiological state of the animals. The need for stand-
ardisation of approaches and further research to iden-
tify optimal regimes for the use of probiotics in small
animal husbandry was noted.

The biological mechanism of action of probiotics,
which participate in the digestive and metabolic pro-
cesses of the body and promote the synthesis and ab-
sorption of proteins and other biologically active sub-
stances, makes this research even more relevant. This
explains the positive effects demonstrated in a number
of studies, including those by L. Wang et al. (2024) and
M.M. Shoukry et al. (2023), where probiotics showed
the ability to strengthen immunity, improve weight gain
and feed conversion. It is also known that Karakul lambs
experience a decrease in blood protein starting at two
months of age, especially in individuals separated from
their mothers, which leads to slower growth. The use
of probiotic supplements in such cases can compensate
for protein deficiency by digesting dead microbial cells
and stimulating the biosynthesis of protein structures,
thereby supporting the growth and development of
young animals in difficult grazing conditions.

A study by R. Wojcik et al. (2024) evaluated the ef-
fect of a multi-strain probiotic complex on the phago-
cytic activity and oxidative metabolism of granulocytes
and monocytes in the peripheral blood of lambs. The
experiment was conducted on 16 lambs divided into
control and experimental groups. Lambs from the ex-
perimental group were administered a probiotic sup-
plement containing Lactobacillus plantarum (AMT14,
AMT4, AMT15) and Bifidobacterium animalis (AMT30)
strains for 30 days, while the control group did not re-
ceive probiotics. The analysis showed thatlambs receiv-
ing probiotic support had significantly increased phago-
cytic activity and fluorescence intensity of granulocytes

and monocytes, indicating enhanced immune function.
Similarly, an improvement in the oxidative metabolism
of cells was observed after stimulation with Escherichia
coli bacteria and PMA. The authors concluded that this
probiotic complex can positively affect the immune sta-
tus of lambs, which may be important for increasing the
resistance of animals to infectious diseases.

Despite numerous studies confirming the positive
effect of probiotics on the immune status of lambs,
data on the use of probiotics in the specific conditions
of Uzbekistan and on the population of Karakul lambs
remain limited and insufficiently studied. In this regard,
the relevance of studying the probiotic “Maxilac” in the
context of morphological and biochemical blood pa-
rameters of Karakul lambs is of particular importance.
The aim of the study was to investigate the effect of the
probiotic “Maxilac” on the morphological and biochem-
ical blood parameters of Karakul lambs.

Materials and Methods

The research was conducted on young Karakul sheep
raised on Karakul sheep farms located in the de-
sert-steppe zone of the Mubarek district of the Kashka-
darya region (Uzbekistan). Twenty Karakul lambs from
the second lambing were selected for the experiment
on the principle of “similar pairs”, taking into account
their live weight at birth, which ensured the homogene-
ity of the groups in terms of physiological and biometric
parameters.

The study used lambs aged 2 and 4 months. The an-
imals were kept under standard conditions on Karakul
farms in the region, with adequate feeding and drink-
ing water. The climatic zone is desert-steppe, character-
ised by dryness and seasonal temperature fluctuations.
Stocking density and ventilation complied with veteri-
nary standards, which ruled out the influence of stress
factors on blood parameters. All lambs were divided
into two groups of 10 animals each:

control group (group I) - without probiotic sup-
plementation;

experimental group (group II) - with the addi-
tion of the probiotic under study.

The division into groups was carried out on the
principle of paired selection, taking into account live
weight at birth to minimise intergroup differences.

The probiotic under study was administered oral-
ly by dissolving 1 g of the preparation in 100 litres of
drinking water, which was given to the animals daily
throughout the study period. The preparation was used
to assess its effect on the morphological and biochemi-
cal parameters of the lambs’ blood.

Blood was collected from the jugular vein of the
lambs at three key points: before the start of the exper-
iment (baseline values), on the 15% and 30% days after
the start of probiotic administration. The volume of
blood collected was 5 ml, and the tubes contained an
anticoagulant to prevent clotting. Blood morphology
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parameters were determined using a BIOBASE BK6190
automatic haematology analyser, which ensured the ac-
curacy and reproducibility of the results. The main pa-
rameters were the number of erythrocytes, leukocytes
and haemoglobin level (Kaneko et al., 2008). Biochem-
ical blood parameters were examined using standard
laboratory methods accepted in veterinary clinical bi-
ochemistry (State standards, Beyerstein methods, etc.)
(Walker, 2002; Cooper, 2013). The concentrations of
total protein, glucose, urea, total bilirubin, magnesium,
cholesterol, chlorides, calcium, and phosphorus were
determined. Reagents from leading manufacturers
were used, and the equipment was regularly calibrated
to ensure the reliability of the results.

The data obtained were processed using statistical
software (e.g., SPSS, Statistica). The results are present-
ed as the mean value and standard error (M + m). To
determine the statistical significance of the differences
between the groups, Student’s t-test was used, with a
significance level of p<0.05.

All experimental procedures complied with interna-
tional and national standards for the ethical treatment of
animals, as confirmed by permits from the relevant vet-
erinary services (Directive 2010/63/EU, 2010). Control

of housing conditions and exclusion of infectious dis-
eases minimised the influence of external factors on the
studied indicators (Decree No. UP-5995, 2020).

Results

Given the importance of blood parameters as a sensitive
indicator of an animal’s physiological condition, par-
ticular attention was paid to assessing changes in the
number of erythrocytes, leukocytes and haemoglobin
levels under the influence of this biological preparation.
The studies were conducted on Karakul lambs aged two
and four months, which were given the probiotic under
study in the form of an aqueous solution at a dosage of
1 g per 100 1 of drinking water for a certain period. The
experimental group of lambs (group II) received the
preparation according to the protocol, while the control
group (group 1) was kept under standard conditions
without the administration of the probiotic. The anal-
ysis of morphological indicators revealed differences
between the animals in the control and experimental
groups in the dynamics of maturation, which indicates
the physiological response of the body to the action of
the probiotic. The summarised results of the morpho-
logical analysis of blood are presented in Table 1.

Table 1. Effect of the probiotic under study on the morphological parameters of blood in Karakul lambs (M+m)

Morphological Unit 2 weeks old 4 weeks old
parameters of blood of measurement Group | Group I Group | Group Il
Erythrocytes million 8.49+5.7 9.74+78 8.20+4.5 10.48+9.56
Leukocytes thousand 746+1.2 7.21£0.24 7.81+£0.65 7.24+0.86
Haemoglohin g/l 9.69+2.75 1.4+£3.02 10.72+2.36 1.82+2.4

Source: created by the authors

Analysis of the data presented in Table 1 demon-
strates the effect of the probiotic under study on the
morphological parameters of the blood of Karakul
lambs aged two and four months. The results obtained
allow to establish reliable differences between the con-
trol and experimental groups, indicating the biologi-
cal activity of the probiotic and its ability to modulate
physiological processes in the body of young animals.

Two-month-old lambs that were administered
the probiotic showed an increase in the number of
red blood cells compared to the control group. In par-
ticular, in the experimental group, this indicator was
1.25 million/mm?, which indicates stimulation of
erythropoiesis and, possibly, improvement in the oxy-
gen-carrying function of the blood. At the same time,
there was an increase in haemoglobin concentration of
2.71 g/1 compared to the same age group in the con-
trol group, which also confirms the positive effect of
the drug on blood function. At the same time, the to-
tal number of leukocytes in the experimental animals
was 0.25 thousand/mm? lower, which is probably due
to the normalising effect of the probiotic on the im-
mune system and a reduction in physiological stress.
A similar trend was observed in four-month-old lambs.

The number of erythrocytes in animals receiving the
probiotic reached 2.28 million/mm?3, which clearly
demonstrates the cumulative effect of the probiotic
with prolonged use. An increase in haemoglobin levels
by 1.10 g/1 also indicates a sustained improvement in
metabolic processes and blood transport functions. At
the same time, a decrease in leukocyte levels by 0.57
thousand/mm? relative to the control group can be in-
terpreted as a reflection of more sTable homeostasis
and the absence of inflammatory reactions in the body.
Such morphological changes in the blood with system-
atic administration of the probiotic confirm its adap-
togenic and immunomodulatory effects. Thus, a com-
prehensive analysis of Table 1 allows to conclude that
there is a positive trend in haematological parameters
against the background of the use of the probiotic under
study in Karakul lambs. The data presented illustrate a
tendency towards improvement in the oxygen-trans-
porting and protective functions of the blood, as well
as areduction in stress reactions, which may be impor-
tant in the practice of early rearing of young animals.

At the next stage of the study, an attempt was made
to characterise the effect of the probiotic preparation
on the biochemical parameters of blood, reflecting the
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intensity of metabolic processes and the general phys-
iological state of the organism. The blood biochemical
parameters obtained in the control group before the ad-
ministration of the probiotic indicate the baseline level
of metabolic activity in Karakul lambs: total protein con-
centration was 45.6 g/l, glucose level was 3.04 mmol/L,

urea - 4.79 mmol/L, total bilirubin - 1.32 mmol/L, mag-
nesium - 0.59 mmol/L, cholesterol - 6.06 mmol/L, chlo-
ride - 95.6 mmol/L, calcium - 1.44 mmol/L, and phos-
phorus - 3.71 mmol/L. These indicators were recorded
and presented in Table 2, which served as the basis for
further comparative analysis after the use of the probiotic.

Table 2. Biochemical indicators (r=0.05) in the blood
of young Karakul lambs before administration of the probiotic under study (M+m)

Blood serum index Units Control Experimental
of measurement Group | Group Il
Total protein g/L 45.6+3.35 51.6+40.4
Glucose mmol/L 3.04+0.40 412+0.64
Urea mmol/L 4.79+0.29 5.77+0.68
Total hilirubin mmol/L 1.32+0.39 1.56+0.36
Magnesium mmol/L 0.59+0.16 0.52+0.1
Cholesterol mmol/L 6.06+0.46 414+0.7
Chlorides mmol/L 95.6+4.36 82+1.05
Calcium mmol/L 1.44+0.63 1.22+0.2
Phosphorus mmol/L 3.71£0.28 3.49+0.2

Source: created by the authors

According to the data presented in Table 2, the bi-
ochemical composition of the blood of Karakul lambs
before the use of the probiotic “Maxilac” shows certain
differences between the control (I) and experimen-
tal (II) groups of animals, which indicates the initial
physiological characteristics of the young animals at
the start of the study. First of all, the level of total pro-
tein in the blood serum is noteworthy, which in the
control group was 45.6 g/, while in the experimental
group this indicator was higher and reached 51.6 g/1.
Such an increase may indicate better protein metab-
olism in lambs in group II, possibly due to more in-
tensive synthesis of proteins, including albumins and
globulins, in the liver and immune system. Elevated
protein levels at the initial stage of the experiment
may serve as a favourable prognostic indicator for the
adaptive capabilities of the organism.

The glucose content in animals from group II was
also higher (4.12 mmol/L) than in the control group
(3.04 mmol/L). This may be due to differences in en-
ergy metabolism, enzyme system activity, and carbo-
hydrate metabolism. Elevated glucose concentrations
may indicate more active metabolism or better feed
digestibility, but in the absence of additional data, this
indicator should be considered background for now.
The concentration of urea in the blood serum of lambs
from the experimental group was 5.77 mmol/L, which
is 0.98 mmol/L higher than in the control group (4.79
mmol/L). The increase in this indicator may be associ-
ated with enhanced protein catabolism or changes in
kidney function, but the values remain within the phys-
iological norm for animals of this age. This indicates the
absence of pathological disorders and the continued
functional capacity of the excretory system.

Total bilirubin levels also showed a slight in-
crease in animals in group II (1.56 mmol/L versus
1.32 mmol/L in the control group). This pigment is
formed as a result of haemoglobin breakdown, and its
concentration may reflect the condition of the liver and
erythropoiesis processes. A slight increase in bilirubin
levels indicates a possible increase in blood formation,
which is also consistent with the previously recorded
higher haemoglobin and erythrocyte levels in the ex-
perimental group. Against the background of these in-
creases, there is a decrease in serum magnesium levels
in the experimental group - 0.52 mmol/L versus 0.59
mmol/L in the control group. Given that magnesium
plays an important role in enzymatic activity and en-
ergy metabolism, its decrease may indicate its more
intensive use in metabolic processes, especially during
periods of rapid growth and development.

A significant difference between the groups was
found in cholesterol levels. In the experimental group,
its concentration was 4.14 mmol/L, while in the con-
trol group it reached 6.06 mmol/L. This may indicate
a decrease in lipid synthesis or their more active use
in metabolic processes. A decrease in cholesterol lev-
els can be considered a positive factor, indicating good
lipid metabolism. A similar trend was observed with
regard to chloride content: in the blood of lambs in the
experimental group, the level was 82 mmol/L, which is
lower than in the control group (95.6 mmol/L). Chlo-
rides play a key role in regulating acid-base balance
and osmotic pressure, so a decrease in their concentra-
tion may indicate certain changes in water-salt balance
and electrolyte metabolism.

The calcium content in the blood of the experi-
mental animals was 1.22 mmol/L, which is lower than
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that of the control animals (1.44 mmol/L). Calcium is
an important element for bone formation and is also
involved in nerve and muscle conduction processes.
A slight decrease in its level may be associated with ac-
tive skeletal formation in growing animals and more
intensive consumption from the bloodstream. Phos-
phorus, which also plays an important role in mineral
metabolism and bone formation, showed a slight de-
crease in the experimental group compared to the con-
trol group: 3.49 mmol/L versus 3.71 mmol/L, respec-
tively. This indicates a possible activation of growth and
mineralisation processes, accompanied by increased
consumption of this element. Thus, Table 2 illustrates
the biochemical characteristics of Karakul lambs before

the start of the study probiotic and demonstrates cer-
tain differences between the control and experimental
groups, which is an important background for the sub-
sequent analysis of the dynamics of changes under the
influence of the probiotic preparation. Based on the
data obtained, it can be assumed that in the organisms
of the lambs in group II, metabolic processes were al-
ready activated at the initial stage, which was reflect-
ed in the indicators of protein, carbohydrate, lipid and
mineral metabolism. These initial differences must be
taken into account when interpreting the subsequent
results and evaluating the effectiveness of the probi-
otic, the data on which are presented in the following
graph and Table 3.

Table 3. Biochemical indicators (r=0.05) in the blood
of Karakul lambs after administration of the probiotic under study (M+m)

Blood serum index Units 2 weeks old 4 weeks old

of measurement Group | Group I Group | Group Il

Total protein g/L 448+3.95 40.0+101 56.2+4.73 43+34
Glucose mmol/L 2.71+£0.44 3.77+0.22 3.3+0.777 3405
Urea mmol/L 51+0.27 6.9+0.6 5.3+0.6 6.81+0.5
Total bilirubin mmol/L 012+0.04 1.6+0.3 0.2+05 113+0.5
Magnesium mmol/L 0.36+0.02 0.44+0.10 0.52+0M 0.37+0.05
Cholesterol mmol/L 3.89+0.82 597+0.44 3.32+0.51 6.26+0.47
Chlorides mmol/L 106.6+5.44 97.0+5.3 130+£10.7 90.0+£3.3
Calcium mmol/L 2.29+0.68 3.68+0.50 2.92+0.24 2.48+0.21
Phosphorus mmol/L 4,65+0.50 3.78+0.27 3.5+0.2 2.78+0.24

Source: created by the authors

Table 3 shows the biochemical parameters of the
blood serum of Karakul lambs in the second and fourth
weeks after administration of the probiotic under study.
Analysis of the dynamics of changes in these parameters
allows important conclusions to be drawn about the
physiological effect of the probiotic on metabolic pro-
cesses in young animals. In the second week of the ex-
periment, the total protein content in the control group
was 44.8 g/l, while in the experimental group this indi-
cator was lower - 40.0 g/1. This decrease may be associ-
ated with the increased use of proteins against the back-
ground of intensified growth and development in lambs
receiving the probiotic. In the fourth week, the differenc-
es became even more pronounced: in the control group,
the protein level was 56.2 g/1, while in the experimental
group it was 43 g/l. This trend may indicate a redistri-
bution of protein metabolism towards plastic processes,
accompanied by a temporary decrease in serum protein,
which does not necessarily indicate a deficiency, but
rather reflects its active use in tissue synthesis.

The glucose level in the second week was higher in
the experimental group (3.77 mmol/L) than in the con-
trol group (2.71 mmol/L), which may indicate improved
carbohydrate absorption and increased energy metabo-
lism under the influence of the probiotic. In the fourth
week, the glucose content in both groups approached
3.3 mmol/L in the control group and 3.4 mmol/L in

the experimental animals, demonstrating stabilisation
of carbohydrate metabolism with a slight advantage in
the group receiving the supplement. Urea levels were
consistently higher in the experimental group in both
weeks: 6.9 mmol/L versus 5.1 mmol/L (second week)
and 6.81 mmol/L versus 5.3 mmol/L (fourth week). This
indicates an intensification of protein metabolism and,
possibly, more active protein breakdown, or an increase
in detoxification and excretory processes mediated by
the kidneys. It is important to emphasise that the values
remain within the physiological norm.

A significant difference between the groups was ob-
served in terms of total bilirubin concentration. In the ex-
perimental group, it was 1.6 mmol/L in the second week,
while in the control group it was only 0.12 mmol/L. In the
fourth week, the bilirubin level in the experimental group
decreased slightly to 1.13 mmol/L, but remained signif-
icantly higher than in the control group (0.2 mmol/L).
These values may reflect increased destruction of eryth-
rocytes or adaptive changes in the hepatobiliary system
caused by the action of probiotic microorganisms.

Magnesium content also varied: in the second week,
it was 0.44 mmol/L in the experimental group (com-
pared to 0.36 mmol/L in the control group), and by the
fourth week, it had decreased to 0.37 mmol/L, while
in the control group it increased to 0.52 mmol/L. This
dynamic may indicate a more intensive involvement of
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magnesium in enzymatic and energy reactions activat-
ed by the probiotic. Cholesterol levels in the experimen-
tal animals were higher than in the control animals in
both weeks: 5.97 mmol/L and 6.26 mmol/L, respective-
ly, compared to 3.89 mmol/L and 3.32 mmol/L. This
may indicate changes in lipid metabolism, including
lipoprotein synthesis and transport, and may be a con-
sequence of the body’s adaptation to growth, with an
increased need for structural lipids.

The chloride content in the control group increased
progressively from 106.6 mmol/L to 130 mmol/L,
while in the experimental group there was a decrease
from 97.0 mmol/L to 90.0 mmol/L. Lower values may
indicate increased chloride consumption in metabolic
processes or a change in water-salt balance. Such dy-
namics deserve attention, especially in hot climates,
where electrolyte loss can be significant. Calcium and
phosphorus levels in the experimental group were low-
er than in the control group. Thus, in the fourth week,
the calcium level was 2.48 mmol/L versus 2.92 mmol/L,
and the phosphorus level was 2.78 mmol/L versus 3.5
mmol/L. These elements are actively used in the for-
mation of bone tissue and ensuring neuromuscular
conduction. Their reduced content may be a temporary
consequence of intensive growth and mineralisation of
the skeleton.

A comparative analysis of the data presented al-
lows us to draw general conclusions about the dynam-
ics of biochemical indicators under the influence of
the probiotic “Maxilac”. For most parameters, there is
a marked difference between the control and experi-
mental groups, which indicates a systemic effect of the
probiotic on metabolic processes in the body of Karakul
lambs. Based on the results obtained, it can be said that
the probiotic supplement contributes to the activation
of energy and protein metabolism, as well as affecting
mineral and lipid metabolism. These changes can be
considered adaptively significant and physiologically
appropriate in the conditions of rearing young animals
in an arid climate. Thus, after analysing Tables 1, 2 and
3, a positive trend in the change in morphological and
biochemical blood parameters under the influence of
the probiotic “Maxilac” becomes apparent.

Discussion
Scientists are actively researching ways to improve the
efficiency of feeding ruminants with probiotics, seeking
to improve metabolism, digestion and the body’s adap-
tive abilities. In an experiment by V.N. Romanov (2022),
the effect of a combination of probiotic strains included
in the diet of sheep in loose and granulated form was
studied. An improvement in feed digestibility, an in-
crease in the level of volatile fatty acids in the rumen, an
increase in the population of beneficial microflora and
positive dynamics of haematological indicators were
established, which indicates metabolic stabilisation.
The results obtained in this study are consistent with

the conclusions of V.N. Romanov, confirming increased
microbiological activity and improved metabolic indi-
cators. However, unlike the experiment, this study fo-
cuses not on the form of probiotic administration, but
on the combination of specific phytobiotic additives,
which made it possible to identify additional effects re-
lated to live weight gain and feed conversion efficiency.

The study by V.A. Pleshkov & S.N. Belova (2022)
found positive changes in productivity indicators and
haematological parameters in lambs against the back-
ground of the use of the probiotic feed supplement
“Mucinol Extra”. An increase in absolute weight gain of
20.5%, average daily weight gain of 20.3%, and relative
weight gain of 50.0% was noted, accompanied by an in-
crease in haemoglobin and erythrocyte count by 11.2%
and 14.1%, respectively. At the same time, an increase
in the concentration of total protein, calcium, and phos-
phorus in blood serum was observed, with a decrease
in glucose levels by 4.0% and urea by 12.5%. In con-
trast to the results obtained in this study using the pro-
biotic under investigation, no decrease in glucose and
urea levels was recorded; on the contrary, both indica-
tors were higher in the experimental group compared
to the control group, which may indicate a difference
in the metabolic action of the probiotic strains used. In
addition, while the experiment with “Mucinol Extra”
showed an increase in total protein, the use of “Maxilac”
showed a tendency towards a decrease, probably due to
more intensive plastic use of proteins against the back-
ground of active growth. Despite these differences, both
studies demonstrated the beneficial effect of probiotics
on haematological and biochemical parameters, which
emphasises the general advisability of including them
in the diets of young sheep to stimulate metabolic pro-
cesses and increase the adaptive resistance of the body.

A study by A. Estrada-Angulo et al. (2021) showed
that the use of probiotics, prebiotics and their combi-
nation in lambs in a subtropical climate improved the
energy efficiency of the diet and some productive indi-
cators, with the combination of additives having a more
pronounced effect. In the present study, conducted in a
desert-steppe climate zone, the probiotic under inves-
tigation caused significant changes in the biochemical
parameters of the blood of Karakul lambs, such as an
increase in glucose and urea and a decrease in total pro-
tein, calcium and phosphorus, reflecting adaptive met-
abolic processes. Thus, despite differences in climate
and research focus, both experiments confirm the effect
of probiotics on the metabolism and physiological con-
dition of young sheep.

Current research highlights the multifaceted effect
of probiotics in sheep farming, aimed not only at im-
proving animal growth and health, but also at reduc-
ing environmental impact, including reducing meth-
ane emissions. A review by A.S.A. Saleem et al. (2025)
points to the ability of probiotics to stimulate benefi-
cial rumen microflora, improve fermentation processes
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and increase nutrient absorption, which contributes to
increased productivity and strengthened immunity. At
the same time, the authors note the need to optimise
the composition, dosage and methods of administra-
tion of probiotics for maximum effectiveness.

H. Chen et al. (2021) evaluated the effects of probi-
otics and polysaccharides of traditional Chinese medi-
cine (PTCM) on growth, blood biochemistry, and rumen
microbiota in lambs. Probiotics increased glucose and
immunoglobulin G levels, enhanced rumen microbial
protein, and lowered rumen fluid pH. PTCM increased
average daily gain, improved immune indicators, and
reduced the feed conversion ratio. Microbiota analysis
showed changes in the relative abundance of key bac-
teria affecting fermentation. The results confirm the
positive effects of probiotics and PTCM on metabolism
and immunity, with improved productivity via rumen
microbiota modulation.

In a study by H. Mao et al. (2023) studied the effect
of probiotics on growth, blood biochemistry, and rumen
microbiota in 24 Hu lambs aged 50 days, including 8
healthy lambs (13.2 £1.17 kg) and 16 lambs with slow
growth (9.46 +0.81 kg). The probiotic increased average
daily gain and dry matter intake (p <0.05), increased su-
peroxide dismutase and glutathione peroxidase activity,
and increased growth hormone and immunoglobulin G
levels. Lambs without probiotics had higher concentra-
tions of IL-6, interferon-gamma, and tumour necrosis
factor alpha (p <0.05). The probiotic also increased the
content of volatile fatty acids and acetate (p <0.05), and
the microbiota showed an increase in the genera Rumi-
nococcus, Succiniclasticum, and Acidaminococcus.

Unlike most studies aimed at assessing the effect
of probiotics on animal growth and health, the work
of 0. Machuskyi (2023) focused on the development of
a technology for the production of the probiotic “Spo-
ro-lex”. The study compared two production options:
in a liquid and in a solid nutrient medium. It was found
that production on a solid medium provides faster (by
24 hours) and more cost-effective fermentation, with
fewer intermediate control stages and the formation of
more mature spores, which increases the stability of the
preparation during storage. While most studies focus on
the biological effect of probiotics, this work concentrates
on the technological aspects that affect the quality and
stability of probiotic preparations, which is important
for ensuring their effective use in animal husbandry.

In a study by O. Shkromada et al. (2024) evaluat-
ed the effect of an enzyme-probiotic complex on the
productivity and health of rabbits during the stressful
period of weaning. The use of the complex contribut-
ed to an increase in live weight of up to 18.7%, an im-
provement in average daily gain and feed conversion, as
well as a reduction in the incidence of gastrointestinal
disorders. Biochemical indicators showed an increase
in erythrocytes, haemoglobin, and leukocytes, as well
as an improvement in lipid and protein metabolism

&b

and mineral balance (in particular, calcium). The re-
sults demonstrate the effectiveness of enzyme-probi-
otic supplements as alternative growth stimulants and
means of supporting the immunity of young animals.

In another study, O. Shkromada et al. (2023) fo-
cused on the effect of probiotic feed supplements on
the restoration of lactation in females after calving. The
use of Bacillus subtilis AX 20 and Bacillus licheniformis
EA 22 contributed to an increase in milk productivity
in cows by 12.9-21.35% during the period from 7 to 21
days of the experiment compared to the control. In sows
with hypogalactia, the use of Bacillus megaterium NCH
55 improved lactation and contributed to an increase
in piglet live weight by 18.5-31.91% at different peri-
ods after birth. There was also a significant increase in
the content of total protein, globulins and cholesterol in
the blood serum of animals in the experimental groups,
which confirms the improvement in metabolic process-
es and immune status. These results indicate the prac-
tical value of probiotics for increasing milk productivity
and adapting the female organism after calving.

In a study by S.T. Qureshi et al. (2020), the effect
of adding probiotics and crude protein levels (18% and
20%) to the diet of Salt Range lambs on growth param-
eters was evaluated. The experiment was conducted on
16 lambs aged about 30 days, divided into four groups
with different diets. The results showed that increasing
protein to 20% significantly improved average daily
gain and feed conversion (p < 0.05), while probiotics
had no significant effect on growth and blood biochem-
istry. The main factor in improving productivity was re-
lated to protein levels, and probiotics did not increase
growth efficiency under these conditions.

The study by V. Vosooghi-poostindoz et al. (2014)
assessed the effect of different protein levels and pro-
biotic supplementation on growth, blood parameters
and rumen fermentation in lambs before and after
weaning. In the pre-weaning experiment, increasing
the protein content from 16% to 18% increased wean-
ing weight and feed intake, while probiotics promot-
ed increased feeding and reduced stress (low cortisol
levels) but did not affect feed conversion and weight
gain. In the post-weaning period, differences in protein
levels (14.5% and 16.5%) and the addition of probiot-
ics did not significantly affect lamb productivity. Thus,
increased protein levels in the diet before weaning
improved growth and consumption, and probiotics re-
duced stress but did not increase overall productivity.

M.O. Machado et al. (2024) evaluated the effect of
probiotics on lambs of Texel and Ile-de-France breeds.
The animals were divided into groups: control (without
probiotics) and experimental with the addition of 1 g
and 5 g of probiotics per day. Over 84 days of observa-
tion, no weight gain was recorded, but the GP1 group
had higher silage and dry matter intake (p<0.001). The
control lambs showed thickening of the keratinised ru-
men epithelium (p <0.001), while the probiotic groups
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showed greater diversity of the rumen and faecal micro-
biome. For example, in GP5, the proportion of Azoarcus,
Dialister, Treponema and Fibrobacter increased, while
Anaeroplasma predominated in the control group
(p <0.05). This confirms the protective role of probiot-
ics for the microbiome and rumen morphology, despite
the lack of effect on productivity.

Overall, a review of the scientific literature con-
firmed the high level of research activity in the field
of probiotic use in animal husbandry. The diversity of
subjects (from lambs of different breeds to other farm
animals), methods and dosages underscores the rele-
vance of the topic. Probiotics are considered not only
as growth stimulants, but also as a means of improving
the condition of the microbiome, digestion and immune
functions. This indicates the great potential of this area
as a sustainable alternative to antibiotics and hormonal
stimulants in modern animal husbandry systems.

Conclusions
Based on the experiment and analysis of haematologi-
cal and biochemical indicators of Karakul lambs raised
in a desert-steppe climate zone, the following general
conclusions can be drawn. It has been established that
the use of the probiotic under study has a positive effect
on the physiological condition of young animals. Two-
and four-month-old lambs in the experimental group
(receiving the probiotic) showed increased levels of to-

lambs in the experimental group, there was a decrease
in the concentration of total protein, chlorides, and
phosphorus, with a simultaneous increase in glucose,
urea, bilirubin, magnesium, calcium, and cholesterol.
The picture was similar in four-month-old lambs, ex-
cept for a decrease in magnesium and calcium, which is
probably due to age-related changes in metabolic pro-
cesses. Such biochemical shifts indicate the activation
of metabolic adaptation processes, improved digestion
and metabolism due to the normalisation of the intesti-
nal microflora achieved by the use of probiotics.

Thus, in a desert-steppe climate, the probiotic un-
der study has been found to be highly effective in estab-
lishing the physiologically complete status of Karakul
lambs in the early stages of rearing. The sTable haema-
tological and biochemical shifts recorded during the
experiment reflect not only the activation of metabol-
ic processes, but also the potential of the probiotic in
question as a safe and promising means of increasing
the productivity of young animals in antibiotic-free
feeding systems. The results obtained can serve as a
basis for the introduction of this technology into sheep
farming practice in arid zones. In the future, it is neces-
sary to expand the scope of research, including the as-
sessment of productivity, immune status and gastroin-
testinal microbiota during long-term use of probiotics
in lambs of different ages and genotypes.
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IIpoouoTuk “Maxilac’TuH Kapary/J1 KOMJIOPYHYH
KO3Y/IaPbIHbIH KAHBIHBIH KOPCOTKYUYTOPYHO THUI'M3TI'€H TaaCHuPH

Paxmarwiiio Py3suryios
BeTepunHapus unumpepuHUH KaHAMOaTbl, npoeccop

CamapkaHp BeTepuHapablK MeguLnHa, Man yapba xaHa BMoTexHonorns yHMBepcuTeTu

140103, Mupso Ynyrbek keu., 77, CamapkaHp, w., 83b6exkctaH Pecnybnumkacsl

Nxpom daiisyiaen
AccucteHt

CamapkaHp BeTepuHapablK MeguLUnHa, Man yapba xaHa BMoTexHoNnornsa yHMBepcuTeTu

140103, Mup3so Ynyrbek keu., 77, CamapkaHp w., 836ekctaH Pecnybnukacsi

AHHOTANUA. V3UI/106HYH aKTyaN1yy/Iyry Kypd KOHTUHEHTA/AbIK KJIUMAT MapTTapblH/ia }KaHa UHTEHCUB/YY
MaJsl 4ap6ayblIbITbIHAA KapaKyJ »KYHAYY KOHJOPAYH >KacTapblHbIH TYPYKTYYJYTYH »aHa aZanTalUsChIH
YKOTOPYJIaTyy 3apbLI/bIIbIHAH KeJIUN YbIraT. bys 60J1cO OpraHu3M/IMH aJIMallyy NPOLeCCUH CTUMYIAAMITHIPYY
YUYH KOOIICY3 mpenapaTTapAbl W3/1ee Tajal KblIbIHAT. [IpOGUOTUKTEPAM TYy/lraH COHKY 3pTe Me3TUJJe
KOJIIOHYy aMblil 4apba >KaHbIOapJiapblHbIH TIeMaTOJIOTHSJIBIK aHa MeTabOoJIMKaJblK KepCOTKYYTOPYH
YKOTOpYJIaTyy 60I0OHYA MepCreKTUB/YY »K0J KaTapbl KapaayyZAa. bys HIITHH MakcaThl — 9KU »KaHa TePT alJIbIK
KapakyJi xKblkaaap/a “Maxilac” npo6HOTUTMHUH KaH MOP}OJIOTUsAJIbIK )KaHA OMOXUMHUSJIBIK KOPCOTKYITOPYHO
THUUTU3TeH TaaCUPUH U3UIZee 60sy. MakcaTka eTyy Y4YH 20 KJIMHUKAJBIK JIeH CO0JIYTY YblH KblJIKaslapza
3KCIIePUMEHT XKYPry3yJyll, ajap TeH 6eJlyHYNl Ke3eMeJl XKaHa TaKpbliiba TonTopyHa 6esyHAy. Usunsenren
NPOOGUOTHUK Ta)Kpbliba TOOYHYH wHuyydyy cyycyHa 100 sautpre 1 rpaMM ej4eMyHAe Kouyuanay. Ocyy
JMHAMHUKaCbIH/Ia 3PUTPOLUTAPABIK KaHa JeWKoUUTapblK GopMysiasap, reMOrJIoOOUH JEeHI33/M KaHa KaH
MeTabosMTTEepH 6aasaHibl. HaThiikaAa, TaxXphlii6a TOOYH/1a KO36MeJITe CalblIIThIPMaayy 3pUTPOLUTTEPAHUH
caHbl (10,48 MJIH/MKJ YeHHUH), TeMOTJIOOUH JleHr334 (11,82 r /1 4elinH) cTaTUCTHUKAIbIK MaaHU/ e KOoropyJiarl,
JIEUKOLUTTEPIUH CaHbl GU3UOJIOTUSJIBIK )KaKTaH TOMOH/OTOHY aHbIKTa/IJbl. BHOXUMUSAJIBIK KEPCOTKYUTOP/O
[JIFDK03a, MOYEeBHHA, »KaJ/Ilbl OMJINPYOHH KaHa X0JIeCTEPUH/MH KOHIIEHTPALMACHI )KOTOpyJlaraHbl 6alika/ras,
OyJl ajMalllyy NpOLleCCTEPUHUH aKTUBJAeELYYCYH kepceTeT. OuoJ 3Jie ydyypJa >KaJlbl 06eJoK, XJ0pUALeD,
Ka/JbLUH xkaHa pocdop JeHr331M 0pTo4d0o TeMeHAeAY. By1esrepyysiep 2 xaHa 4 alijarbl ke3eMeJ YeKUTTepPUH/e
cakTaazpl. /leMeK, U3UJIJJeHI'eH NMPOOHOTHUK aJMallyy KaHa TeMaToJIOTUAJIbIK apaMeTpJiepre OH TaaCUPHH
THUUTU3UI, aHbl a3blK aJMallyyHYH Oy3y/JyLIYH a/blH allyy >KaHa KapakyJ TYKyMyHJarbl »acTapAblH
OHYTYYCYH ONTHUMaJIJALITBIPYY YUYH KOJIJOHYY CyHYIITaJaT

Herusru co3aop: kapakyJs1 KOH; 3pUTPOLUTTED; JEUKOIUTTED; TeMOTJIOOHH; XaJIIbl 6€J10K; III0K033; MOUYeBHHA
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Biausinue npoouoTukra “maxilac” Ha norasarTejn KpOBH
MOJIOJHAKA RKaPaKY/JIbCKUAX OBel],

Paxmarymwio Pysurymnon
KaHgupat BeTepuHapHbIX HayK, Mpogeccop
CaMapKaH[ACKMIA rocyaapCTBEHHbIN YHUBEPCUTET BETEPUHAPHOMN MeAULIMHDI,
XXMBOTHOBOLCTBA 1 BUOTEXHOMOMMIA
140103, yn. Mup3so Ynyrbeka, 77, r. CamapkaHg, Pecnybnuka Y3bekumcTaH
Nxpom Paiisyiaen
AccucteHt
CaMapKaH[CKUIA rocyaapCTBEHHbIN YHUBEPCUTET BETEPUHAPHOMN MeULIMHBI,
YXMBOTHOBOLCTBA 1 BUOTEXHOMOMUIA
140103, yn. Mup3so Ynyrbeka, 77, r. CamapkaHp, Pecnybnuvka Y3bekumcTaH

AHHOTAMA. AKTyaJbHOCTb KUCCJIEJOBAHUS O0YCJIOBJIeHA HEOOXOJUMOCTBIO MOBBIIIEHUS PE3UCTEHTHOCTH
U 3JalNTUBHOCTU MOJIOJHSKA KapaKyJbCKHX OBell B YCJIOBHUAX PE3KO KOHTHHEHTAJIbHOTO KJMMaTa H
WHTEHCUBHOTO >XMBOTHOBOJCTBA, 4YTO TpeOyeT IMOKUCKA O0€e30MacHbIX CTUMYJISATOPOB OOMeHa BEIeCTB.
[IpuMeHeHUe MPOOUOTUKOB B pAHHEM MMOCTHATAJbHOM IEPHUO/ie PACCMAaTPUBAETCS KaK MePCIeKTUBHBINA MY Th
MOBBILIEHNUSI TeMAaTOJOTUYECKUX M MeTaboJMYeCKUX IOoKa3aTesJel y CeJbCKOX03SHWCTBEHHBIX KHBOTHBIX.
llesibto HacTosi[ed paboOThI SIBJIAJIOCH M3yYeHHe BJMAHUA NpobuoTuka «Maxilac» Ha Mopdosoruyeckue
U OUOXMMHUYEeCKHe I0Ka3aTeJd KPOBU Y KapaKyJbCKHX SATHAT B BO3pacTe JABYX U YETBHIPEX MecsleB.
[ mocTKeHUs Ieid MPOBeAEH 3KCIepuMeHT Ha 20 KJMHUYECKU 3J0POBBIX SATHSTAX, PAaBHOMEPHO
pa3zeIéHHBIX Ha KOHTPOJIbHYIO U ONBITHYIO rpynIbl. UccieyeMbiii TPOOGUOTHUK A06aBJIS/ICS B MUTHEBYIO BOJY
ONbITHOU rpynmne U3 paciéta 1 r Ha 100 a1. B guHaMuKe pocTa OLeHUBAJIUCh MOKA3aTeJad 3PUTPOLUTAPHOU
U JIeUKOIUTapHOU PopMyJi, ypOBEHb TeMOTJIOOHWHA, a TaKXKe MeTabOoJUThl KPOBU. YCTAHOBJIEHO, YTO Y ATHSAT
ONBITHOM TPYIIbI 1O CPAaBHEHHWI C KOHTPOJIbHOM [OCTOBEPHO MOBBICUJIUCH KOJHUYECTBO 3PUTPOIUTOB
(mo 10,48 muiH/MKJT), ypoBeHb reMoryio6uHa (o 11,82 r/i), a Takke oTMe4eHO GU3UOJIOTNUECKOe CHIDKEHH e
KOJIMYeCTBa JIEUKOLUMUTOB. B OHMOXMMHYECKHUX MOKa3aTessaX 3aPpUKCUPOBAHO yBeJHWYeHHEe KOHIEHTpAIUH
[VIIOKO3bI, MOYEBHUHBI, 001lero OUIMPYOHMHA U XOJIeCTEPHUHA, YTO MOXET CBU/ETEJNbCTBOBATH 00 aKTHUBAI[UHU
00MeHHBIX TmporeccoB. OZHOBpeMeHHO HaOJIIAAJoCh yMepeHHOe CHWXKeHHe YPOBHSA 06lnero 0esika,
XJIOPUI0B, Kaiblus U pochopa. 3T U3MEeHEeHHUS COXPAHSIUCh B 06e KOHTPOJIbHbIE TOUKHU — B 2 U 4 Mecsa.
TakuM 06pasoM, MpUMeHeHUEe UCCIelyeMOro Mpo6UOTHKA 0Ka3asI0 MOJ0XKUTENbHOE BIUsHUE HA MOKa3aTe u
oOMeHa W TeMaTOJIOTUYEeCKHX I[apaMeTpoB, 4YTO I[O3BOJISeT PEKOMEHAO0BATh €ro s NPOPUIAKTUKHU
QJIMMEHTAPHbIX HAPYIIEHUH U ONNTUMHU3ALUH PA3BUTHS MOJOAHIKA KapaKyJIbCKON MOPOAbI

RoueBbie CJI0BA: KapaKyJeBOACTBO; 3PUTPOLUTHI; JIEUKOIUTHI; FeMOIJIOOWH; OOIIUK 6eJsIoK; T/II0KO033;
Kap6aMmu/
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