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Abstract

Background. The article presents the results of an experimental study
evaluating the effect of the probiotic strain Bacillus amyloliquefaciens VKPM
B-11475, used in dosages of 4x10° and 4x107 CFU, on the metabolic profile
of Zaanen goats, with an emphasis on the modulation of the composition of
volatile fatty acids in intramuscular fat and the amino acid spectrum of muscle
protein in the age periods of 8 months and 4 of the year. It was found that pro-
biotic intervention induced a statistically significant modification of lipid me-
tabolism, expressed in an increase in the proportion of saturated fatty acids by
5.22-7.23% (8 months) and 1.62% (4 years), monounsaturated — by 1.14-2.95%
and 0.4-2.26%, polyunsaturated — by 0.67-1.53% and 0.46-0.81%, as well as
an increase in the level of linoleic acid by 0.83-1.13% and 0.05-0.24%, with a
concomitant decrease in the concentration of linolenic acid by 0.19-0.49% and
0.04-0.17%, respectively. The data obtained highlight the potential of B. amy-
loliquefaciens as a functional additive for targeted correction of the nutritional
status of productive animals.

Purpose. To study the effect of the probiotic Bacillus amyloliquefaciens on the
amino acid composition of goat meat

Materials and methods. A probiotic based on Bacillus amyloliquefaciens
VKPM B-11475 (B. amyloliquefaciens) was produced in the research laboratory
of the individual entrepreneur and head of the farm “Tsirulev Evgeny Pavlovich”.
The preparation is a light-brown liquid with an average concentration of 4x10°
CFU. An experimental study was conducted at the goat milk production and pro-
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cessing farm of Semkina O.V. in the Privolzhsky District, Samara Region. Kids
were selected as matched pairs, 10 animals per group, at 2 months of age. Three
groups of animals, 10 animals each, were created for the experiment. The control
group included young kids on a basic feeding ration. Goats in the first experi-
mental group received a probiotic at a dose of 4x10°, while those in the second
experimental group received 4x107 30 minutes before feeding, one capsule per
head once daily for one month, administered using a bolus dispenser. Animals
were slaughtered at the age of 8 months. A similar experiment was conducted with
animals aged 4 years; they were also given the probiotic annually for 2 months.
The experiment examined the effect of the probiotic on the fatty acid composi-
tion of intramuscular fat (studied using FT-MIR spectroscopy) and the amino
acid composition of meat protein (studied using the method described in GOST
34132-2017, method for amino acid analysis).

Results. A significant quality indicator is not only the fat content but also the
fatty acid composition of its lipid fraction. Animal fats contain essential polyun-
saturated fatty acids, such as linoleic and linolenic acids, which play a vital role
in metabolic processes. Like essential amino acids, they are not synthesized in the
body, or are synthesized to a limited extent. A prolonged lack of polyunsaturated
acids in the diet leads to growth retardation, necrotic skin lesions, and changes in
capillary permeability.

Conclusion. The use of a probiotic based on Bacillus amyloliquefaciens
VKPM B-11475 in raising Saanen goats demonstrates a positive effect on the
lipid and amino acid composition of meat. In the short term (8 months), an in-
crease in the proportion of saturated fatty acids by 5.22-7.23%, monounsaturated
fatty acids by 1.14-2.95%, and polyunsaturated fatty acids by 0.67-1.53% was
observed, including an increase in linoleic acid content by 0.83-1.13%, while
linolenic acid decreased by 0.19-0.49%. In the long-term experiment (4 years),
the changes persist, but are more pronounced: an increase in saturated fatty acids
by 1.62%, monounsaturated by 0.4-2.26%, polyunsaturated by 0.46-0.81% and
linoleic acid by 0.05-0.24%, as well as a decrease in the content of linolenic acid
by 0.04-0.17%.

Keywords: B. amyloliquefaciens preparation; volatile fatty acids; amino acids;
Zaanen goat breed; muscle tissue
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Hayunas cratbst

BJIMAHUE TIPOBUOTUKA HA OCHOBE
BACILLUS AMYLOLIQUEFACIENS BKIIM B-11475
HA COCTAB BHYTPUMBIIIEYHOTI'O KU PA
U AMMHOKHCJIOTHBIA COCTAB BEJIKA
KO3JIATHUHDBI

I'B. Monanosa, M.M. Opnoe

Annomayusn

OobocHoBanmne. B crarbe mnpeacTaBieHbl Pe3yibTaTbl HKCHEPUMEHTAb-
HOTO HCCJICIOBAHUS MO OIICHKE BIHUSHHS NMPOOMOTHYECKOTO mmtamma Bacillus
amyloliquefaciens BKIIM B-11475, npumensiemoro B 1o3upoBkax 4x10° u 4x107
KOE, na merabonuueckuii npoduib 3aaHEHCKUX KO3, C aKLIEHTOM Ha MOIYJISILUIO
COCTaBa JIETYYHX JKUPHBIX KUCIOT BO BHYTPHMBIIICYHOM JKUPE U aMHUHOKHCIIOT-
HBIH CHEKTP MBIIIEYHOrO OeKa B BO3pAcTHBIE TIEPHOIBI OT 8§ MecsIeB 0 4 JeT.
Bbu10 ycTaHOBIEHO, YTO MPUMEHEHHE TPOOMOTHKA BBI3BAJIO JOCTOBEPHBIC H3MEHE-
HUSI TIOKa3aTesel TMIHIHOTO OOMeHa: YBEIMUeHNE HACBIIIIEHHBIX )KUPHBIX KHCJIOT
Ha 5,22-7,23% (8 mecsues) u 1,62% (4 rona), MOHOHEHACKHIIIIEHHBIX — Ha 1,14-
2,95% n 0,4-2,26%, nonuHeHaceieHHbIX — Ha 0,67-1,53% u 0,46-0,81%, a Takxe
MOBBIIIEHUE YPOBHS JuHOJIeBoU kuciaoThl Ha 0,83-1,13% u 0,05-0,24%, ¢ comyT-
CTBYIOIIUM CHIKCHHEM KOHLIEHTpAlUu JUHOJIIeHOBOH KuciaoTsl Ha 0,19-0,49% u
0,04-0,17% coorBercTBeHHO. [lomy4yeHHbIE TaHHbBIE TOAYEPKUBAIOT OTEHIUA B.
amyloliquefaciens B kauecTBe QyHKIIMOHAILHON TIOOABKH IS 1IeJICHATIPABICHHON
KOPPEKIUH MHIIEBOTO CTaTyca NPOAYKTUBHBIX KUBOTHBIX.

Hens. M3yunts BausHue npobuoruka Bacillus amyloliquefaciens Ha sxupHO-
KHUCJIOTHBIA M aMMHOKHCIIOTHBIN COCTaB Msica KO3.

MarepuaJibl 1 MeTOABI. B HayuHO-HCCIIeI0BATENILCKOH J1TA00paTOPHU WHINBU-
IyaJIbHOTO TIpeIPHHUMATEIS, TIIaBbl KPeCThsHCKOTo X03siicTBa «L{upynes Epre-
Huii [TaBnoBHY» ObLT IPOU3BEICH TPOOUOTHK Ha OCHOBE Bacillus amyloliquefaciens
BKIIM B-11475 (B. amyloliquefaciens). [Ipenapar npencrapisier co00M Ku-
KOCTH CBETIIO—KOPHYHEBOTO [IBETA, CPEIHSSA KOHIIeHTparus coctaisier 4% 10° KOE
(KOE - xononneoOpasyromas exnHuIa). HayqHo-npon3BoACTBEHHBIH OIIBIT IIPOBO-
auics Ha epMe 0 IPOU3BOACTBY U IepepabOTKe KO3bEro MojoKa (GpepMepcKoro
xo3siiictBa «Cemkuna O.B.» [TpuBomxkckoro paitona Camapckoii oonactu. Kosnsita
ObUTH OTOOPAHBI TI0 MPUHIIMITY Map-aHaioroB 1o 10 rojoB B rpyrie B Bo3pacte 2
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MecsineB. st mpoBeIeH s SKCIIepUMeHTa OBUTM CO3JaHbI TPH I'PYIITBI dKHBOTHBIX
1o 10 ronoB B Kax10i. B KOHTPOJIbHYIO IPyIIITy BOLUIM KO3JISATAa-MOJIOJHSK C 0a-
30BBIM PALIMOHOM KopMiteHHs. Ko3bl I OnBITHON IpyHIbl IPUHUMAIN IPOOUOTHK B
no3e 4x10°, 1T omerTHOM Tpymms! - 4x107 3a 30 MHHYT 10 KOpMIIEHUS TI0 | Karcyie
HaTOoJIOBY | pa3 B IeHb B TEUCHHE MECSIIIA C UCIIOIb30BAaHUEM OOIIIOCHOTO J103aTOpa.
Y060ii )KHBOTHBIX MTPOBOAMIM B BO3PACTE 8 MECSIIEB. AHAIOTMYHBIM 00pa3oM ObLI
IIPOBE/ICH SKCIIEPUMEHT € KMBOTHBIMH B BO3pacTe 4 JIeT, UM TaKKe Ha3HavaIu Ipo-
OMOTHK B TeUEHHE 2 MECSILIEB €XKETOIHO. B X0/1e SKCIiepuMeHTa N3y4aioch BIUSIHUE
HCCIIeTyeMOro MPOOHNOTHKA HA COCTAB JKUPHBIX KHCIIOT BO BHYTPUMBIILICYHOM KHPE
(m3yuaznock ¢ nomoisio FT-MIR criekTpockonun), a TakyKe Ha aMMHOKHCIIOTHBIH
cocTaB MSICHOTO Oernka (u3ydanock MetoioM, ornucanusiM B TOCT 34132-2017).

Pe3ynbrarpl. 3HAaYMMBIM [TOKA3aTelIeM KayecTBa SBISETCS HE TOJBKO COZIep-
JKaHHE JKUPA, HO M KUPHOKUCIIOTHBIA COCTAB €ro JMIUIHOW (pakiuu. B cocra-
B€ YKMBOTHBIX KHPOB PUCYTCTBYIOT HE3aMEHNMBIE TIOJIMHEHACHIIICHHBIE KUPHBIE
KHCJIOTBI, UTPAIOIIME BaXKHYIO POJIb B OOMEHHBIX MPOLECCax: JIMHOIEBAs U JINHO-
neHoBas. [10100HO HE3aMEHUMBIM aMHUHOKHUCIIOTAM, OHH B OPraHU3ME HE CHHTE-
3UPYIOTCSI HIIH CHHTE3UPYIOTCS OTpaHIMYEHHO. J[TnTeIbHOE OTCYTCTBUE B PAIIOHE
[TOJIMHEHACHIIIIEHHBIX KHCIOT IPUBOAUT K MPEKPAICHUIO POCTa, HEKPOTHUECKUM
MOPAKEHUSM KOXKHU, U3MEHEHUSM ITPOHULIAEMOCTH KallHJUISIPOB.

3akJrouenue. Vcnonp3oBaHue NpoOHOTHKA Ha OCHOBe Bacillus amyloli-
quefaciens BKIIM B-11475 npu BbIpamiBaHiy 32aHEHCKHX KO3 IEMOHCTPHPY-
€T MOJIOKUTENIHOE BIMSHUE Ha JIMITUAHBIA U aMUHOKUCIIOTHBIA cocTaB Msca. B
KpaTKOCPOYHOM nepcreKkTruBe (8 MecsiieB) HaOMoaaeTCsl yBEIMYCHUE I0JTH HACKI-
IEeHHBIX Ha 5,22-7,23%, MOHOHEHACHIEHHBIX Ha 1,14-2,95% W moiamHeHaCkhI-
meHHbIX Ha 0,67-1,53% XUPHBIX KUCIIOT, B TOM UYHCJIE YBEIMUEHUE COACPIKAHUS
nuHosneBoi kucnotThl Ha 0,83-1,13%, nmpu 3TOM ITHHOJIEHOBAsI KUCIOTA CHIKAETCS
Ha 0,19-0,49%. B nonrocpounoM skcriepuMenTe (4 roaa) M3MEHEHHsI COXPaHSIOT-
csi, HO OoJiee BBIPa)KEHBI: YBEIMUEHHE HACBHIIICHHBIX XUPHBIX KUCIOT Ha 1,62%,
MOHOHAChIIMEHHBIX Ha 0,4-2,26%, nonuHaceieHHbIX Ha 0,46-0,81% u nuHOIEBOM
kucnotel Ha 0,05-0,24%, a Taxke Mo Mepe CHIDKEHUS COIAepIKAHUSI JIMHOJIEHOBON
kucioTel Ha 0,04-0,17%.

Kniouesle ciioBa: B. amyloliquefaciens; ieTyune >KupHbIe KUCIOThI; aMHHO-
KHCJIOTBI; KO3bI 3aaHEHCKOH ITOPOJIBI; MBIIIEYHAs TKAHb

Jus uutupoBanus. MoinsiHosa, [ B., & Opnos, M. M. (2025). Biusaue npo-
ouotuka Ha ocHoBe Bacillus amyloliquefaciens BKIIM B-11475 Ha cocraB BHyTpH-
MBIIIEYHOTO XUPA 1 AMHHOKUCIIOTHBIN cOCTaB Oelka KO3 TUHEL. Siberian Journal
of Life Sciences and Agriculture, 17(6-2), 669-686. https://doi.org/10.12731/2658-
6649-2025-17-6-2-1572
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Introduction

Agriculture, acting as a system-forming sector of the economy, plays a crit-
ically important role in ensuring global food security, socio-economic develop-
ment and maintaining ecological balance. In the context of population growth,
projected to reach 9 billion people by 2050, and the intensification of climate
change, the agricultural sector faces the need not only to increase food produc-
tion, but also to radically improve its quality, nutritional value and accessibility.
The economic importance of the industry is reflected in the creation of em-
ployment opportunities, especially in developing countries, stimulating related
sectors (processing, logistics, trade) and improving the standard of living of
rural communities. At the same time, modern agriculture is being transformed
towards sustainable and high-tech practices that minimize the ecological foot-
print, promote biodiversity conservation and ecosystem restoration, which un-
derlines its key role in achieving sustainable development goals and adapting
to anthropogenic challenges [1].

Goat breeding, being a strategically important branch of the agro-industrial
complex of Russia and other countries, demonstrates a high adaptive potential
in the face of various climatic and economic challenges. The actualization of
the sector is driven by the growing consumer demand for natural and organic
products, where goat’s milk and meat occupy a niche of functional nutrition
due to their unique biochemical properties. Comparative analysis shows the
superiority of goat’s milk over cow’s milk in terms of calcium (13-15% high-
er) and B vitamins (B2 by 18-20%, B12 by 8-10%), as well as the presence of
an alternative form of casein, which reduces the risk of allergic reactions by
40-60% in sensitized individuals. These characteristics correspond to the trend
of conscious consumption, stimulating farmers to introduce resource-saving
technologies and form new market niches, which ultimately contributes to the
diversification of agriculture and strengthening food security [2; 3].

In addition, goat breeding has a lower negative impact on the environment
compared to cattle. Goats are less demanding of resources and can successfully
graze on less fertile lands, making them ideal for sustainable agriculture. This
attracts the attention of not only consumers, but also public and private inves-
tors interested in supporting environmentally friendly industries. In general, the
growing interest in natural and organic products creates favorable conditions
for the development of goat breeding and contributes to the formation of a new
culture of consumption focused on health and a sustainable future [4].

In the article by T.L. Krasovskaya, S.I. Novopashina (2012), the goats were
fed, in addition to the main diet, the feed additive Humival at a dosage of 50
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mg dv/ kg. There was a 40% reduction in the number of sick animals. Increase
the safety of young animals by 10%. Bactericidal activity increased by 3.55%,
lysozyme activity by 4.74% [5].

Under the influence of the LactoMin supplement (at a dosage of 50 g /head
/ day), the average daily milk yield increased by 11.7%, protein by 0.08%, fat
content by 0.15%. Under the action of the LactuVet additive (at a dosage of
50 g/ head / day), there was an increase in indicators compared to the control:
average daily milk yield by 8.5%, protein by 0.02%, and fat content by 0.07%
[6]. Feed additive “Plantarum” in a dosage of 0.8 ml / kg of body weight per
day. There was an increase in such indicators as: productivity by 3.27%, protein
mass fraction by 3.33%; fat mass fraction by 3.22% [7]. When sapropel feed
additive was introduced into the main diet (0.6 g / kg of live weight + hongurin
0.20 g/ kg of live weight + Kempendyai salt 10 g), there was an increase in live
weight in 6 months by 4.38%, in 8 months by 6.69%, in 10 months by 6.88%,
in 12 months. by 7.78%. Absolute growth increased by 18.12%, profitability by
8.51% [4]. Additives “YODDAR-ZN” (100 mg per 1 kg of concentrated feed)
and DAFS-25 (1.6 mg per 1 kg) increase the index of albumins (by 0.45 and
1.21%), phosphorus (by 8.53 and 20.12%, respectively). Reduction of globu-
lins (by 0.51 and 1.21%), creatinine (by 13.43 and 17.21%, respectively [8].
Algavet feed additive (in a dosage of 40 ml per animal) provides an increase in
productivity (by 24.55%), fat mass fraction (by 0.26%), protein mass fraction
(by 0.28%), SOMO (by 0.27%), density (by 0.09%), milk caloric content (by
8.10%) [9]. The Plantarum feed additive (at a dosage of 0.8 mg/kg) provides
an increase in such indicators as: absolute increase (by 3.12%), average daily
increase (by 2.80%), live weight (by 18.2%), relative increase (decreased by
0.6%) [10]. The use of a feed additive from ginger seeds (ginger estrudate) led
to an increase in the mass fraction of fat (by 0.43%), mass fraction of protein
(by 0.10%), SOMO (by 0.02%), average daily milk yield (by 17.52%) [11].
Under the influence of the feed additive Zhomstevia (5 g / kg of live weight)
There was an increase in productivity (by 19.20%), acidity (by 0.69%), densi-
ty (by 0.09%), fat mass fraction (by 0.28%), protein mass fraction (by 0.24%),
SOMO (by 0.26%), casein (by 0.33%). The content of whey proteins decreased
by 0.09% [12]. The probiotic drug Celobacterin (at a dosage of 1 g of the drug
per | kg of feed) provides a 33% increase in milk yield, and a 32% reduction
in the cost of dry matter for milk synthesis [13]. The introduction of 150 g +
sodium acetate into the main diet of soy meal (at a dosage of 90 g per head
per day) led to an increase in the average daily milk yield (by 14.67%), fat (by
6.25%), protein (by 18.99%), lactose (by 12.35%) [14].
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In the study of I.F. Gorlov, A.A. Korotkova et al. (2013), in addition to the ba-
sic diet, the goats of the II experimental group were fed the feed additive “YOD-
DAR-ZN” (100 mg per 1 kg of concentrated feed), and the III experimental group,
in addition to O.R., were fed the selenium-organic drug DAFS-25 (1.6 mg per 1
kg). There was an increase in such indicators as milk yield by 10.87% (II exper-
imental group) and 14.78% (III experimental group); fat mass fraction by 0.21
and 0.78%; protein mass fraction by 0.05 and 0.10%; live weight by 3.06 and
3.85%; lactation coefficient by 7.57 and 10.53%; lactation constancy coefficient
3.43 and 3.95%. Erythrocyte count by 0.71 and 1.17%; leukocytes (decreased)
by 2.5% (experimental group III), and (increased) by 5.69% (experimental group
1I); hemoglobin by 1.25 and 2.5%; total protein by 5.46 and 7.33%; glucose by
2.56 and 4.27%; calcium 0.75 and 1.35%; urea 11.34 and 6.58% respectively [15].

Under the influence of feed additives Lactovet-1 (at a dosage of 0.5% by weight
of concentrates) and Cumelact -1 (at the same dosage), erythrocyte counts increase
(by 4.98 and 9.53%), hemoglobin (by 2.17 and 3.41%), total protein (by 4.69
and 7.59%), albumins (by 2.18 and 32.83%), urea (by 8.88 and 19.28%), glucose
(by 8.98 and 11.23 %), calcium (by 8.64 and 20.57 %), phosphorus (by 4.45 and
19.74%), bilirubin (by 2.03%) (when using Cumelact-1, the indicator was equal to
the control group). ALT (by 2.80 and 11.92%), AST (by 0.46 and 1.20%), lysozyme
activity (by 12.32 and 14.63%). The number of phagocytic neutrophils increased by
4.26 and 5.72%, the phagocytic index by 0.44 and 0.79%. Milk yield increased by
5.41 and 6.49%, fat by 0.28 and 0.30%. Titrated acidity increased by 0.29 and 0.82%,
respectively. The following indicators decreased: leukocytes by 2.00 and 0.72%,
globulins by 0.92 and 2.17%, creatinine by 10.40 and 16.93%, respectively [16].

The drug “Em Kurunga” (in a dosage of 0.01 g of concentrate per 1 kg of
live weight) provides an increase in body weight by 12.1%, and a change in the
physique index in terms of: legginess by 3.5%, elongation (decrease) by 8.6%,
downness by 13%, overgrowth (decrease) by 0.6%, massiveness by 3%, bony
by 1.1%, big-headed by 2%, broad-browed (decrease) by 6.6% [17].

Materials and methods

A probiotic based on Bacillus amyloliquefaciens VKPM B-11475 (B. amylo-
liquefaciens) was produced in the research laboratory of an individual entrepre-
neur, the head of a Peasant (Farmer) Farms “Tsirulev Evgeny Pavlovich” [18]. The
preparation is a light-brown liquid with an average concentration of 4x10° CFU.

A scientific and production experiment was carried out at the goat milk
production and processing farm of Semkina O.V. of the Privolzhsky district of
the Samara region. The goats were selected according to the principle of pairs
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of analogues of 10 heads in a group of 2 months of age. To conduct the experi-
ment, three groups of animals were created, including 10 heads each [18]. The
control group included baby goats with a basic feeding diet. The goats of the
experimental group I took probiotic at a dose of 4x10°, experimental group 11
4x107 30 minutes before feeding, 1 capsule per head 1 time per day for a month
using a bolus dispenser. The slaughter of animals was carried out at the age of
8 months. Similarly, an experiment was conducted with animals aged 4 years,
they were also prescribed a probiotic for 2 months annually.

During the experiment, the effect of the probiotic under study on the com-
position of fatty acids in intramuscular fat (studied using FT-MIR spectrosco-
py), as well as on the amino acid composition of meat protein (studied by the
method described in GOST 34132-2017).

The digital data obtained in the experiments were subjected to statistical
processing using the Microsoft Office Excel 2010 computer application and an-
alyzed in accordance with the norms of variation statistics. Statistical reliability
was determined by the Student’s criterion.

Results

A significant indicator of quality is not only the fat content, but also the fatty
acid composition of its lipid fraction. The composition of animal fats contains
essential polyunsaturated fatty acids that play an important role in metabolic
processes: linoleic and linolenic. Like essential amino acids, they are not syn-
thesized in the body or are synthesized in a limited way. Prolonged absence of
polyunsaturated acids in the diet leads to cessation of growth, necrotic skin le-
sions, changes in capillary permeability. The results of the study of the content
of fatty acid are presented in Tables 1-2, amino acid composition in tables 3-4.

Table 1.
Fatty acid composition of intramuscular fat in 8-month-old goats, %

Groups of animals
Indicator Control First experimental
group group

Saturated fatty acids 50.47+1.258 | 57.70+1.437*** | 55.69+1.387***

Monounsaturated fatty | ,) go.1 065 | 458411 142%%% | 44.0341,003%%+

Second test

acids
Polyunsaturated fatty acids | 4.65+0.113 3.12+0.078*** 3.9840.097***
Linoleic acid 2.89+0.072 4.02+0.096*** 3.72+0.087***
Linolenic acid 1.08+0.027 0.59+0.012%** 0.89+0.018***

Here and further note: *** — p<0.001 — relative to the control data.
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Analysis of the data presented in Table 1 demonstrates that changes in the
diet of goats (experimental groups) had a statistically significant (p<0.001)
effect on the profile of fatty acids in intramuscular fat compared with the con-
trol group. There is a marked tendency to increase the proportion of saturat-
ed fatty acids (from 50.47% in the control to 57.70% and 55.69% in the first
and second experimental groups, respectively) and monounsaturated (from
42.89% to 45.84% and 44.03%), while the content of polyunsaturated fatty
acids decreased significantly (from 4.65% to 3.12% and 3.98%). It is note-
worthy that, contrary to this general trend, the level of linoleic acid increased
(from 2.89% to 4.02% and 3.72%), while the content of linolenic acid, on the
contrary, showed the sharpest decrease (by 1.8 and 1.2 times — from 1.08%
t0 0.59% and 0.89%), indicating a complex and multidirectional the influence
of experimental factors on the metabolism of various classes of PUFA. From
the point of view of physiology and biochemistry, the observed changes are
probably due to the modification of lipid metabolism in the rumen of animals
under the influence of a new diet. A sharp decrease in the level of linolenic
acid (C18:3 n-3) and a general decrease in the proportion of PUFA (polyun-
saturated fatty acids) with a simultaneous increase in SFA (saturated fatty
acids) and MUFA (monounsaturated fatty acids) indicates an increased bio-
hydrogenation process in the rumen, during which microorganisms saturate
the free double bonds of fatty acids supplied with feed, converting polyunsat-
urated acids into monounsaturated (for example, into oleic acid) and further
in saturated (primarily stearin C18:0). The paradoxical increase in linoleic
acid (C18:2 n-6) despite a general decrease in PUFA may be explained by an
initially linoleic-acid—rich diet and ruminal metabolic pathways (e.g., partial
biohydrogenation to conjugated linoleic acid) that could cause transient ac-
cumulation in tissues.

Table 2.
Fatty acid composition of intramuscular fat in 4-year-old goats
Groups of animals
Indicator Control First experi- | Second experi-
group mental group | mental group
Saturated fatty acids 64.68+1.613 | 63.06+1.572** | 63.96+1.587**

Monounsaturated fatty acids | 32.704+0.815 | 34.96+0.871*** | 33.104+1.822

Polyunsaturated fatty acids 3.31+0.267 3.77+0.093 4.12+0.116**
Linoleic acid 1.79+0.081 | 2.03+0.049%** 1.84+0.048
Linolenic acid 1.36+0.031 | 1.19+0.026*** 1.32+0.031
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The data for the 4-year period revealed significant but less contrasting chang-
es in the fatty acid profile compared to the 8-month experiment. The content of
saturated fatty acids in the experimental groups (63.06% and 63.96%) decreased
significantly (p<<0.01) compared with the control (64.68%), while the proportion
of monounsaturated acids increased significantly only in the first experimental
group (34.96% versus 32.70% in the control, p<0.001). There is a tendency to
increase polyunsaturated fatty acids, which reached statistical significance in the
second experimental group (4.12% vs. 3.31%, p<0.01). The content of linoleic
acid significantly increased only in the first group (2.03% vs. 1.79%, p<0.001),
and the level of linolenic acid, on the contrary, significantly decreased in the same
group (1.19% vs. 1.36%, p<0.001), which indicates a long-term adaptation of me-
tabolism and possible compensatory regulation of biochemical pathways, leveling
the initial effect of a change in diet. From a physiological and biochemical point
of view, the changes observed over 4 years indicate a long-term adaptation of
the rumen microbiome and lipid metabolism of animals to the experimental diet.
A decrease in the proportion of saturated fatty acids (NLCs) and an increase in
monounsaturated (MNFA) and polyunsaturated (PUFA) acids compared to earli-
er results suggests partial compensation and increased efficiency of assimilation
of dietary lipids, possibly due to an adaptive shift in the rumen microbial popu-
lation towards communities with less intensive biohydrogenation activity. This
adaptation leads to a higher bypass of unsaturated fatty acids from the rumen for
deposition in tissues. The stabilization of linolenic acid levels in the second near
control values group (1.32% vs 1.36%) against the background of its reduction in
the first group indicates a complex regulation of omega-3 acid metabolism, which
may depend on the exact composition of the diet and individual characteristics of
animals, including the activity of tissue desaturases, elongases and specific per-
oxisomal f-oxidizing enzymes.

According to the data, dietary modification in goats led to selective but
statistically significant changes in the content of some essential amino acids
in muscle protein after 8 months of the experiment. There was a significant
increase in the concentration of lysine (from 6.1 g/100 g of protein in the con-
trol to 6.6 and 6.3 in the first and second experimental groups, respectively, p <
0.001), isoleucine (from 3.3 t0 3.7, p <0.001 and 3.4, p <0.01) and the amount
of phenylalanine and tyrosine (from 5.4 to 5.8, p <0.05 and 5.7, p < 0.001).

At the same time, the levels of histidine, leucine, methionine with cysteine,
threonine, tryptophan, and valine remained statistically unchanged, indicating
a targeted effect of diet on the metabolism of specific amino acids without dis-
rupting the overall amino acid balance of the protein matrix.
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Table 3.

Amino acid composition of essential amino acids of goat meat proteins 8 months, %

Amino acid content, g/100 protein
Amino acid C First experimental | Second experimental
ontrol group
group group
Histidine 2.5+0.061 2.6+0.065 2.6+0.063
Isoleucine 3.3+0.079 3.7+0.087#** 3.4+0.081%*
Leucine 6.7+0.162 6.9+0.169 6.8+0.164
Lysine 6.1+0.149 6.6+0.163%** 6.3£0.153%**
Methionine+cysteine 2.8+0.064 2.94+0.068 2.9+0.068
Phenylalaninet 5 4, 135 5.8+0.139* 5,720,137
tyrosine
Threonine 2.5+0.061 2.6+0.062 2.5+0.056
Tryptophan 0.087+0.001 0.091+0.001 0.089+0.001
Valin 4.6+0.112 4.8+0.117 4.7+0.112

A significant quality indicator is not only fat content but also the fatty
acid composition of its lipid fraction. The observed increase in the content
of specific essential amino acids (lysine, isoleucine, phenylalanine, and tyro-
sine) while maintaining the overall amino acid balance indicates a selective
effect of diet composition on metabolic pathways. It is likely that experi-
mental feed additives contained an increased number of precursors of these
amino acids or stimulated the activity of key enzymes of their synthesis in
the rumen microbiota, such as aminotransferases and dehydrogenases. At
the same time, the absence of changes in the concentration of other essen-
tial amino acids indicates a high degree of metabolic homeostasis and regu-
latory compensation provided by the mechanisms of feedback inhibition of
biosynthetic pathways, which prevents imbalance and maintains the stability
of the muscle tissue proteome.

After four years, the amino acid composition showed a stable and statisti-
cally significant improvement in the profile of essential amino acids in the ex-
perimental groups compared with the control. In the first experimental group,
there was a significant increase in all key amino acids: histidine (2.4+0.04
vs 2.0+0.02, p<0.001), isoleucine (3.5+0.07 vs 3.1£0.02, p<0.001), leucine
(6.6+0.01 vs 6.2+0.04, p<0.001), lysine (6.4+0.09 vs 6.1+0.05, p<0.01), me-
thionine+cysteine (2.7+0.05 vs 2.5+0.07, p<0.01), phenylalanine+tyrosine
(5.6+0.03 vs 5.0+0.08, p<0.001) and valine (4.6+0.07 vs 4.1+0.06, p<0.001).
In the second experimental group, the changes were less pronounced, but also
significant: histidine (2.2+0.05, p<0.01), isoleucine (3.4+0.07, p<0.01), leu-
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cine (6.6+0.08, p<0.001), lysine (6.2+0.06, p<0.05), phenylalanine+tyrosine
(5.240.05, p<0.01) and valine (4.3£0.05, p<0.001).

Table 4.
Amino acid composition of essential amino acids of goat meat proteins 4 years old. %

Amino acid content. g/100 protein
Amino acid First experimental | Second experimental
Control group
group group
Histidine 2.0+0.02 2.4+0.04%** 2.24+0.05%*
Isoleucine 3.1+£0.02 3.5+0.07%%* 3.4+0.07**
Leucine 6.2+0.04 6.6+0.01%** 6.6+0.08%**
Lysine 6.1+£0.05 6.44+0.09%* 6.2+0.06*
Methionine+ 2.540.07 2.740.05%* 2.6+0.03
cysteine
Phenylalanine+ 5.0+0.08 5.6+0.03%%* 5.240.05%*
tyrosine
Threonine 2.4+0.08 2.5+0.06 2.4+0.03
Tryptophan 0.083+0.001 0.088+0.001 0.085+0.001
Valin 4.1+0.06 4.6+0.07*** 4.3£0.05%**

The content of threonine and tryptophan remained unchanged in both
groups, which indicates a long-term positive effect of the experimental diet on
the protein composition of meat while maintaining metabolic balance. Long-
term use of experimental diets for 4 years led to a significant improvement in
the amino acid composition of goat meat, which indicates a deep metabolic
adaptation of animals. There was a statistically significant increase in the con-
tent of histidine (from 2.0 to 2.4 and 2.2 g/100 g of protein), isoleucine (from
3.1to 3.5 and 3.4), leucine (from 6.2 to 6.6 in both groups), lysine (from 6.1 to
6.4 and 6.2), methionine with cysteine (from 2.5 to 2.7) and valine (from 4.1 to
4.6 and 4.3) while maintaining unchanged levels of threonine and tryptophan.
These changes are explained by the optimization of the synthetic activity of
the scar microflora and improved utilization of nutrients, while the stability of
individual amino acids indicates the preservation of metabolic homeostasis due
to the mechanisms of enzymatic regulation.

Conclusion

The use of a probiotic based on Bacillus amyloliquefaciens VKPM B-11475
in the cultivation of Saanen goats demonstrates a positive effect on the lipid and
amino acid profile of meat. In the short term (8 months), there is an increase in
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the proportion of saturated (by 5.22—7.23%), monounsaturated (by 1.14-2.95%)
and polyunsaturated (by 0.67—1.53%) fatty acids, including an increase in lin-
oleic acid (by 0.83—1.13%), while linolenic acid decreases (by 0.19-0.49%).
In the long—term experiment (4 years), the changes persist, but are more pro-
nounced: an increase in NLC (by 1.62%), MNFA (by 0.4-2.26%), PUFA (by
0.46-0.81%) and linoleic acid (by 0.05-0.24%), as well as a decrease in linole-
nic acid (by 0.04-0.17%). The amino acid composition of the protein improves
significantly: after 8§ months, there is an increase in all essential amino acids,
including isoleucine (by 3.03—12.12%), lysine (by 3.17-8.19%) and valine (by
2.17-4.34%), and after 4 years the effect increases for histidine (by 10-20%),
isoleucine (by 9.67—12.9%) and valine (by 4.87—12.19%), which confirms the
stability of the metabolic changes induced by the probiotic.
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