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EFFECT OF THE PROBIOTIC “MAXILAC” ON THE BLOOD INDICATORS OF
YOUNG KARAKUL SHEEP

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 I. 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/ul) and haemoglobin level (up to 11.82 g/l) 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

Keywords: Karakul sheep breeding; erythrocytes; leukocytes; haemoglobin; total protein; glucose; urea

Bnusanue npoouomuxa “maxilac” na nokasamenu
KPO6U MOJIOOHAKA KAPAKYAbCKUX 06el

AHHOTAIMSA

AKTYanbHOCTb HCCIIENOBAHUS o0ycioBieHa
HEOOXOJMMOCTBIO  TMOBBIIMICHUSI  PE3UCTEHTHOCTH U
QJIalTUBHOCTH  MOJIOJHSKA KapakyJbCKHX OBEIl B
YCIAOBUSIX  PE3KO KOHTHHEHTAILHOrO  KiWMara |
WHTEHCHBHOTO J>KMBOTHOBOJICTBA, YTO TPEeOyeT MOMCKa
0e30MmacHbBIX CTHMYJIATOPOB oOmeHa BEILIECTB.

[IpumeHeHne NPOOMOTHKOB B PaHHEM IIOCTHATAILHOM
NepHO/Ie pacCMaTpPHBaeTCs KakK IMEPCHEKTUBHBIN MYTh
MIOBBIMICHUSI TEMaTOJIOTHYECKUX W  METaDOINYECKHX
MoKa3zareyne y CelbCKOXO3SMCTBEHHBIX IKMBOTHBIX.
enpto HacToseH paboTHI ABISIIOCH U3YUSHNE BIUSIHUS
npobnotnka «Maxilacy Ha Mopdosornyeckne U
OMOXMMHYECKHE TOKa3aTeIH KPOBH Yy KapaKyJIbCKHX
STHAT B BO3pacTe JBYX M 4YeThIpEX MecsueB. Jlms
JNOCTIDKEHHUS MeIH TpOoBeACH OJKcrmepuMeHT Ha 20
KIIMHUYECKH  3/I0POBBIX  SITHATAX,  PaBHOMEPHO
pa3fenéHHbIX Ha KOHTPOJBHYIO M OIBITHYIO TPYIIIBL.
Hccneayemplii MPOOHOTHK MO0ABISICS B IMHUTHEBYIO
BOJy ONBITHOM rpymnme u3 pacuéra 1 r Ha 100 5. B
JMHAMHKE pocta OLICHUBAJIUCH MOKa3aTemu
SPUTPOLUTAPHON M JIeHiKonuTapHOH (opMyI, ypoBeHb
reMorsioOMHa, a  TaKke  MeTabOJNUThI  KpPOBH.
VYCTaHOBIEHO, YTO Yy SATHAT ONBITHOW TIPYIIBI 110
CPaBHECHHUIO C KOHTPOJIBHOWH JOCTOBEPHO IOBBICHINCH
KoH4ecTBO ApuTporutoB (1o 10,48 MIH/MKIT), ypOBEHB
remornmobmHa (mo 11,82 r1/m), a Takke OTMEYECHO
($HU3HOTIOTMYECKOE CHIDKEHHE KOJNNYECTBA JICHKOLMTOB.

Ipobuomux “maxilac”’ mun kapaxyn Kounopynyn
KO3Y1apbIHbIH KAHBIHBIH KOPCOMKYYMOPYHO MUilcU32eH
maacupu

AHHOTaNUs

WsnnngeeHyH akTyanmyyiyry Kypd KOHTHHEHTAJIBIK
KIMMaT  IIapTTapblHAA JKaHa  MHTEHCHBAYY  Mall
4apOaublIBITBIHAA ~ Kapakyl  OKYHAYY  KOIJIOpIyH
KACTAPBIHBIH  TYPYKTYYJYTYH KaHa  aJanTalisIChlH
KOTOpYJaTyy 3apbUIABITBIHAH KEIMI 4bIraT. bym Goinco
OpPTraHM3MMH aJMallyy MpPOLECCUH CTUMYJJAIITHIPYY
YUYH KOOICY3 Ipenaparrapjibl H3/10€ Tajall KbUIbIHAT.
[IpoOuoTukTepau  TyyJiraH COHKY OpTe  Me3THiie
KOJIZIOHYY aiibu1 yapba JKaHbIOapJIapbIHBIH
TeMaTOJIOTHSIIBIK JKaHa METa0OJIMKAIBIK KOPCOTKYYTOPYH
KOropyiaryy OOIOHYAa TEpCHEeKTHUBAYY JKOJI KaTaphbl
KapaiayyZaa. bys HINTHH MakcaThl — 9KH JKaHa TOPT aliIbIK
Kapakyn >KpUIKanmapnaa “‘Maxilac” mpoOHOTHTHHWH KaH
MOPQOJIOTHSIIBIK JKaHa OHOXHMHSIIBIK KOPCOTKYUTOPYHO
TUUTH3TeH TaacHpHWH M3mWigee Oonay. MakcaTka XeTyy
yuyH 20 KJIMHMKaIbIK JEH COOJIYTY 4YbIH >KbIIKaJapaa
9KCIEPUMEHT XKYPIY3YJYH, ajgap TeH OenyHyn Ke3emel
JKaHa Taxpblitda TonTopyHa OenyHnay. M3unneHreHn
OpOOMOTHK TaXphIitba TOOYHYH uuyydy cyycyHa 100
gutpre 1 rpamMMm  eiqueMyHAe  Kowmyiny.  Ocyy
JMHAMHMKACBIH/IA SPUTPOIUTAPABIK JKaHa JICHKOLUTAP/IBIK
¢dopMmynamap, TeMOIJIOOMH  JEHIDJIM  KaHa  KaH
Metabomutrepn  OaanmaHmael. Harelikanma, Taxpsiioa
TOOYH/Ia KO36M6JIT® CANBIITHIPMAIYy 3PUTPOLUTTEPINH
canbl (10,48 MITH/MKI 4YeHWH), TEMOTJIOOWH IEHIIAIH
(11,82 1/7 4eliMH) CTaTUCTHKAJIBIK MaaHHIE >KOTOpYJIaf,
JNEUKOIUTTEPIUH  caHbl  (U3HOJOTHAIBIK  JKaKTaH
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B  OwoxuMmuuecknx  TOKazaTelnsX  3aQUKCUPOBAHO
YBEJIMYCHUE KOHLEHTPALUA  TJFOKO3bl, MOYEBHHBI,
obmiero OwiIMpyOMHa ¥ XOJIECTEPHUHA, YTO MOXKET
CBUJIETENILCTBOBATh 00 aKTHUBAIUU O0OMEHHBIX

nponeccoB. OJHOBPEMEHHO HaOJIIOAAIOCh YMEPEHHOE
CHIYKEHHUE YPOBHS 00LIero Oelka, XJIOpUIOB, KaJbLUs U
¢dochopa. OTH H3MEHEHHWsT COXpaHsUIUCh B  00e
KOHTPOJIbHBIE TOYKH — B 2 U 4 Mecsina. Takum oOpazom,
IpUMEHEHHe HCCIeJyeMOro IpoOMOTHKA  OKa3alo
MOJIOKNTENPHOE BIMSHUE HA IOKa3aTeld oOMeHa u
reMaToJIOTHYECKHX ~ [TapaMeTpoB,  YTO  ITIO3BOJISIET
PEKOMEHIOBAaTh €ro Ui MPO(MIAKTHKY aliMEHTapHBIX
HapylOIeHHHd W ONTHMH3AalUH Pa3BUTHS MOJOIHSKA
KapakyJbCKOM MOPObI

Knroueevie cnoea.
JICHKOLIMTHI;
KapOamus

KapakyJIeBOJICTBO;
reMOTJIO0NH;

SPUTPOILUTHL;
o0mmii O€JIoK; TIJIFOKO3a;

TOMOHIOTOHY aHBIKTAJIJIBL. buoxumusibik
KOPCOTKYUTOPO TIIIOK03a, MOUYEBHHA, KAl OMINPYOHH
JKaHa XOJIECTEPUH/INH KOHLEHTPALUSICHl YKOTOpYyJaraHbl
OalikairaH, Oyn anMaryy MPOLIECCTEPUHNH
aKTHBJCUIYYCYH KepceTeT. Omioa sje ydypha >Kajlbl
Oenok, XJjopuaaep, Kajablmid jxkaHa ¢Gochop AeHrIIH
opTo4yo TeMeHaeny. byn esrepyynep 2 xana 4 aiigarsl
KO36MOJI YEKUTTEpUHJE CakTauabl. JleMeK, M3WIJeHIeH
MIPOOMOTHK aManyy *KaHa reMaTOJIOTHSIIBIK
napamerpjepre OH TAaCUPUH THHUTH3WI, aHbl a3bIK
AIMAIIYyHYH Oy3ynyIIyH ajjblH alyy aHa Kapakys
TYKyMYHJIarbl KacTap/blH OHYTYYCYH ONTUMAIIAIITHIPYY
Y4YH KOJIJIOHYY CYHYIITANaT

Aukbly  ce30ep:  Kapakyldl  KOW;  DPUTPOIHTTED;
JIEHKOIUTTEP; TEMOTJIOOWH; JKAIMbl O€JIOK; TJIOK03a;
MOYCBHHA
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Introduction

Livestock farming is one of the key sectors of agriculture in Uzbekistan, particularly
important for desert and semi-desert regions. Karakul sheep farming occupies a special place in this
sector, providing the population 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 probiotics. 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 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 beneficial metabolites and aromatic compounds in
adipose tissue were observed. The authors concluded that probiotics have a complex effect on
metabolic processes, contribute to improving product quality, and can be effectively used in sheep
breeding, which makes this approach 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 examines 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 standardisation of approaches
and further research to identify 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 processes of the body and promote the synthesis and absorption of proteins and other
biologically active substances, 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 effect of a multi-strain probiotic complex on
the phagocytic 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 experimental group were administered a probiotic supplement containing
Lactobacillus plantarum (AMT14, AMT4, AMT15) and Bifidobacterium animalis (AMT30) strains
for 30 days, while the control group did not receive probiotics. The analysis showed that lambs
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receiving probiotic support had significantly increased phagocytic 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 status 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 parameters 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 biochemical blood parameters of Karakul lambs.

Materials and methods

The research was conducted on young Karakul sheep raised on Karakul sheep farms located
in the desert-steppe zone of the Mubarek district of the Kashkadarya 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 homogeneity of the
groups in terms of physiological and biometric parameters.

The study used lambs aged 2 and 4 months. The animals were kept under standard conditions
on Karakul farms in the region, with adequate feeding and drinking water. The climatic zone is
desert-steppe, characterised by dryness and seasonal temperature fluctuations. Stocking density and
ventilation complied with veterinary 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 supplementation;
« experimental group (group I1) — with the addition 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 orally 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 biochemical parameters of the
lambs’ blood.

Blood was collected from the jugular vein of the lambs at three key points: before the start of
the experiment (baseline values), on the 15th and 30th 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 parameters were determined using a BIOBASE BK6190
automatic haematology analyser, which ensured the accuracy and reproducibility of the results. The
main parameters were the number of erythrocytes, leukocytes and haemoglobin level (Kaneko et al.,
2008). Biochemical blood parameters were examined using standard laboratory methods accepted
in veterinary clinical biochemistry (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
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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 presented 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 international and national standards for the ethical
treatment of animals, as confirmed by permits from the relevant veterinary services (Directive
2010/63/EU, 2010). Control of housing conditions and exclusion of infectious diseases minimised
the influence of external factors on the studied indicators (Decree No. UP-5995, 2020).

Results

Given the importance of Dblood parameters as a sensitive indicator of an animal’s
physiological condition, particular 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 | 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 I) was kept under standard conditions
without the administration of the probiotic. The analysis 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 morphological 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 of 2 weeks old 4 weeks old
parameters of blood measurement Group | Group 11 Group | Group 11
Erythrocytes million 8.49+5.7 9.74+7.8 8.20+4.5 10.48+9.5
Leukocytes thousand 7.46+1.2 7.21+0.24 7.81+0.65 | 7.24+0.86
Haemoglobin g/l 9.69+2.75 11.443.02 10.7242.36 | 11.82+2.4

Source: created by the authors

Analysis of the data presented in Table 1 demonstrates 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 control and experimental groups,
indicating the biological 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 particular, in the experimental group, this
indicator was 1.25 million/mm3, which indicates stimulation of erythropoiesis and, possibly,
improvement in the oxygen-carrying function of the blood. At the same time, there was an increase
in haemoglobin concentration of 2.71 g/l compared to the same age group in the control group,
which also confirms the positive effect of the drug on blood function. At the same time, the total
number of leukocytes in the experimental animals was 0.25 thousand/mm? lower, which is probably
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due to the normalising effect of the probiotic on the immune 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/mm3, which clearly demonstrates the
cumulative effect of the probiotic with prolonged use. An increase in haemoglobin levels by 1.10
g/l 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/mm3 relative to the control group
can be interpreted as a reflection of more stable homeostasis and the absence of inflammatory
reactions in the body. Such morphological changes in the blood with systematic administration of
the probiotic confirm its adaptogenic and immunomodulatory effects. Thus, a comprehensive
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-transporting and protective functions of
the blood, as well as a reduction in stress reactions, which may be important 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 intensity of metabolic processes
and the general physiological state of the organism. The blood biochemical parameters obtained in
the control group before the administration of the probiotic indicate the baseline level of metabolic
activity in Karakul lambs: total protein concentration was 45.6 g/l, glucose level was 3.04 mmol/I,
urea — 4.79 mmol/l, total bilirubin — 1.32 mmol/l, magnesium — 0.59 mmol/l, cholesterol — 6.06
mmol/l, chloride — 95.6 mmol/l, calcium — 1.44 mmol/l, and phosphorus — 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 of measurement Control Experimental
Group | Group Il
Total protein g/L 45.6+£3.35 51.6+40.4
Glucose mmol/L 3.04+0.40 4.12+0.64
Urea mmol/L 4.79+0.29 5.77+0.68
Total bilirubin 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 4.14+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 biochemical composition of the blood of
Karakul lambs before the use of the probiotic “Maxilac” shows certain differences between the
control (1) and experimental (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 protein in
the blood serum is noteworthy, which in the control group was 45.6 g/l, while in the experimental
group this indicator was higher and reached 51.6 g/I. Such an increase may indicate better protein
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metabolism in lambs in group Il, possibly due to more intensive 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 Il was also higher (4.12 mmol/l) than in the
control group (3.04 mmol/l). This may be due to differences in energy metabolism, enzyme system
activity, and carbohydrate 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 associated with enhanced protein catabolism or
changes in kidney function, but the values remain within the physiological 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 increase in animals in group 1l (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 experimental group.
Against the background of these increases, there is a decrease in serum magnesium levels in the
experimental group — 0.52 mmol/l versus 0.59 mmol/I in the control group. Given that magnesium
plays an important role in enzymatic activity and energy 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 control 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 levels 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). Chlorides play a key role in regulating acid-base balance and osmotic pressure, so a
decrease in their concentration may indicate certain changes in water-salt balance and electrolyte
metabolism.

The calcium content in the blood of the experimental animals was 1.22 mmol/l, which is
lower than 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 active skeletal formation in growing animals and more intensive
consumption from the bloodstream. Phosphorus, which also plays an important role in mineral
metabolism and bone formation, showed a slight decrease in the experimental group compared to
the control group: 3.49 mmol/L versus 3.71 mmol/L, respectively. This indicates a possible
activation of growth and mineralisation processes, accompanied by increased consumption of this
element.



OwM Vuyn XKapuvicol. Aiivin uapba: acponomus, éemepunapus sxcana 30omexnust, Ne2(11)/2025

Thus, Table 2 illustrates the biochemical characteristics of Karakul lambs before the start of
the study probiotic and demonstrates certain differences between the control and experimental
groups, which is an important background for the subsequent 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 I, metabolic processes were already activated at the initial
stage, which was reflected 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 probiotic, the data on which are presented in the following graph
and Table 3.

Table 3. Biochemical indicators (1>0.05) in the blood of Karakul lambs after administration of the probiotic
under study (M+m)

' Units of 2 weeks old 4 weeks old
Blood serum index

measurement Group | Group I Group | Group I

Total protein g/L 44.8+3.95 40.0+£10.1 56.2+4.73 43+3.4

Glucose mmol/L 2.71+£0.44 3.77+£0.22 3.3+0.777 3.4+0.5
Urea mmol/L 5.1+0.27 6.9+0.6 5.3+0.6 6.81+0.5
Total bilirubin mmol/L 0.12+0.04 1.6+0.3 0.2+0.5 1.13+0.5
Magnesium mmol/L 0.36+0.02 0.44+0.10 0.52+0.11 0.37+0.05
Cholesterol mmol/L 3.89+0.82 5.97+0.44 3.32+0.51 6.26+0.47
Chlorides mmol/L 106.6+5.44 97.045.3 130£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 processes in young animals. In the second week of the
experiment, the total protein content in the control group was 44.8 g/l, while in the experimental
group this indicator was lower — 40.0 g/l. This decrease may be associated with the increased use of
proteins against the background of intensified growth and development in lambs receiving the
probiotic. In the fourth week, the differences became even more pronounced: in the control group,
the protein level was 56.2 g/l, while in the experimental group it was 43 g/l. This trend may indicate
a redistribution 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 control group (2.71 mmol/l), which may indicate improved carbohydrate absorption and
increased energy metabolism 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/I
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
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mediated by the kidneys. It is important to emphasise that the values remain within the
physiological norm.

A significant difference between the groups was observed in terms of total bilirubin
concentration. In the experimental 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 significantly higher than in the control group
(0.2 mmol/l). These values may reflect increased destruction of erythrocytes 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 (compared 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 magnesium in enzymatic and energy reactions activated by the
probiotic. Cholesterol levels in the experimental animals were higher than in the control animals in
both weeks: 5.97 mmol/L and 6.26 mmol/L, respectively, 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 consequence 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/I.
Lower values may indicate increased chloride consumption in metabolic processes or a change in
water-salt balance. Such dynamics deserve attention, especially in hot climates, where electrolyte
loss can be significant. Calcium and phosphorus levels in the experimental group were lower than in
the control group. Thus, in the fourth week, the calcium level was 2.48 mmol/l versus 2.92 mmol/I,
and the phosphorus level was 2.78 mmol/l versus 3.5 mmol/l. These elements are actively used in
the formation 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 allows us to draw general conclusions about the
dynamics of biochemical indicators under the influence of the probiotic “Maxilac”. For most
parameters, there is a marked difference between the control and experimental 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 adaptive 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
increase in the level of volatile fatty acids in the rumen, an increase in the population of beneficial
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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 indicators.
However, unlike the experiment, this study focuses not on the form of probiotic administration, but
on the combination of specific phytobiotic additives, which made it possible to identify additional
effects related 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 background 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
increase 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 phosphorus in blood serum was
observed, with a decrease in glucose levels by 4.0% and urea by 12.5%. In contrast to the results
obtained in this study using the probiotic under investigation, no decrease in glucose and urea levels
was recorded; on the contrary, both indicators 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 background 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 processes 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 combination in lambs in a subtropical climate improved the energy efficiency of the diet and
some productive indicators, with the combination of additives having a more pronounced effect. In
the present study, conducted in a desert-steppe climate zone, the probiotic under investigation
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 protein, calcium and phosphorus, reflecting
adaptive metabolic processes. Thus, despite differences in climate and research focus, both
experiments confirm the effect of probiotics on the metabolism and physiological condition of
young sheep.

Current research highlights the multifaceted effect of probiotics in sheep farming, aimed not
only at improving animal growth and health, but also at reducing environmental impact, including
reducing methane emissions. A review by A.S.A. Saleem et al. (2025) points to the ability of
probiotics to stimulate beneficial rumen microflora, improve fermentation processes 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
administration of probiotics for maximum effectiveness.

H. Chen et al. (2021) evaluated the effects of probiotics and polysaccharides of traditional
Chinese medicine (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
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key bacteria 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 superoxide dismutase and glutathione peroxidase
activity, and increased growth hormone and immunoglobulin G levels. Lambs without probiotics
had higher concentrations 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 Ruminococcus, Succiniclasticum, and
Acidaminococcus.

Unlike most studies aimed at assessing the effect of probiotics on animal growth and health,
the work of O. Machuskyi (2023) focused on the development of a technology for the production of
the probiotic “Sporo-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) evaluated 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 contributed to an increase in live weight of up to 18.7%, an improvement 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 and mineral balance (in particular, calcium). The
results demonstrate the effectiveness of enzyme-probiotic supplements as alternative growth
stimulants and means of supporting the immunity of young animals.

In another study, O. Shkromada et al. (2023) focused 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 periods 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
processes and immune status. These results indicate the practical 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 parameters 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
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biochemistry. The main factor in improving productivity was related 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 probiotic 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 weaning weight and feed intake, while probiotics promoted 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 probiotics did
not significantly affect lamb productivity. Thus, increased protein levels in the diet before weaning
improved growth and consumption, and probiotics reduced stress but did not increase overall
productivity.

M.O. Machado et al. (2024) evaluated the effect of probiotics on lambs of Texel and lle-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 observation, 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 rumen epithelium (p < 0.001), while the probiotic
groups showed greater diversity of the rumen and faecal microbiome. 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 probiotics for the
microbiome and rumen morphology, despite the lack of effect on productivity.

Overall, a review of the scientific literature confirmed 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 relevance 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 haematological 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 total protein, erythrocytes and
haemoglobin compared to the control group, indicating improved protein metabolism and
haematopoietic function. At the same time, the control group had higher number of leukocytes,
which may indicate increased antigenic load or stress without probiotic support.

Biochemical blood analysis showed significant shifts under the influence of probiotics. In
two-month-old 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, except for a
decrease in magnesium and calcium, which is probably due to age-related changes in metabolic
processes. Such biochemical shifts indicate the activation of metabolic adaptation processes,
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improved digestion and metabolism due to the normalisation of the intestinal microflora achieved
by the use of probiotics.

Thus, in a desert-steppe climate, the probiotic under study has been found to be highly
effective in establishing the physiologically complete status of Karakul lambs in the early stages of
rearing. The stable haematological and biochemical shifts recorded during the experiment reflect
not only the activation of metabolic 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 necessary to expand the scope of research,
including the assessment of productivity, immune status and gastrointestinal microbiota during
long-term use of probiotics in lambs of different ages and genotypes.
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