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Abstract

For a number of objective reasons, the main ones being the steady growth of the world's population,
as well as pronounced changes in climatic conditions that complicate successful agricultural production,
the world is facing a significant shortage of food and feed for farm animals, which indicates the need for
an urgent increase in their production. The optimal solution to the problem of replenishing the deficiency
of food and feed protein, as well as obtaining a number of biologically active substances that have a certain
effect on the disease of farm animals and the possibility of counteracting damaging factors of various
natures, it seems to be possible to increase the capacity of biotechnological production of microorganism
biomass [1, 2] . A generally accepted option for solving these problems is the production of single-cell
protein [3-5] . Unicellular biomass contains a higher percentage of protein (30-80%) compared to soy
(38.6%), fish (17.8%), meat (21.2%) and whole milk (3.28%), it is a source of essential amino acids,
including methionine, threonine and lysine [6] . Microorganisms have attracted attention as a new food
source due to their low carbon footprint, low dependence on land, water and seasonal variations, combined
with a favorable nutritional profile . Potential microbial protein production technologies, their benefits, the
safety and limitations associated with their use, and the prospects for wider large-scale implementation are
currently being critically reviewed [7] . This is also relevant because the traditional agricultural way of
supplying food animals with proteins is not only insufficient, but can also have negative impact on the
environment and therefore should be revised [8] .

Keywords: yeast; probiotics; feed additives; postbiotics.

Yeast as probiotics.

Yeasts are recognized as the best microorganisms in the production of unicellular protein,
superior to bacteria and algae in the ease of obtaining biomass, high protein content (about 50%
of dry biomass) and amino acids, low content of nucleic acids, as well as the ability to grow at
different acidity levels. Their physiological characteristics, such as resistance to bile salts and acids
and the associated ability to survive in the gastrointestinal environment, hydrophobicity of the cell
surface, the ability to autoaggregate, antioxidant activity and B-galactosidase activity made it
possible to consider Yeast ORGANISMS as very effective probiotics invivo [ 9-11] .

The latter is of particular interest due to the spread of antibiotic resistance in the vast majority
of living eukaryotic organisms and the biological threat to human and animal health, which has
led to the need to abandon them as growth promoters and preventive measures in animal
husbandry. Since this measure was fraught with a decrease in growth rates and an increase in
animal mortality as a result of a number of diseases [12, 13], there was an urgent need to develop
an alternative approach to the prevention of infectious diseases and stimulation of animal growth
and health.

In this regard, probiotics or direct-fed microbes have been recognized as increasingly
popular for improving the health of farm animals and increasing their productivity and have shown
great potential for increasing the profitability of livestock farming. Probiotics - microbial cultures,
their extracts, enzyme preparations or combinations thereof - when administered in adequate

63



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

quantities, improve the health of the host by modulating the intestinal microbial environment,
fermentation patterns, nutrient supply and dietary digestibility [14, 15] .

Along with probiotics based on bacterial strains, yeasts, mainly Saccharomyces , are widely
used cerevisiae ( SC) [15, 16] , the beneficial effects of which on animals are largely due to the
fact that they stimulate the development of rumen microorganisms, and also affect general health
and productivity [17, 18] .

From the very beginning of life, the sterile gastrointestinal tract of newborn mammals is
colonized by a variety of microorganisms, which is influenced primarily by inoculation from the
maternal birth canal [19] . the conditions under which the birth process occurs, diet, as well as
prophylactic antimicrobial drugs used in animal husbandry. Numerous studies have established
that the most critical period for calves is the period of their transition from a predominantly dairy
diet to solid feed, which is carried out in a short period of time. According to some data, mortality
from diarrhea during this period reaches 25-87% [20, 21] . Surviving calves show slow growth
and a subsequent decrease in productivity [22, 23] , which is associated not only with metabolic
adaptation, but also with large changes in the microbiota intestines [24] .

The intestinal microbiota already at an early stage of animal development has an important
metabolic significance [25] , it affects energy metabolism [26] and has a major influence on the
maturation of the adaptive and innate immune system [19, 27] , which is reflected in performance
indicators in later life , as well as resistance to various diseases. A number of studies have discussed
the factors that determine the growth of microorganisms colonizing in the rumen, the formation of
commensal microbiota after weaning, as well as the existence of significant links between the early
microbiota, the development of the mucosal immune system and the growth and health of newborn
calves [28, 29] . Given that newborn calves are most susceptible to intestinal diseases, these data
allow us to develop potential strategies for manipulating early microbiota to improve animal health
and performance.

The high mortality rate in calves caused by intestinal infections, coupled with pressure to
reduce the use of antibiotics due to their harmful effects and the growing number of antibiotic-
resistant bacteria, has led to the need to develop alternatives to antibiotics, namely drugs that
improve the intestinal health of newborn calves through manipulation. intestinal microbiota,
primarily enriching it with beneficial microorganisms. Numerous studies have established that the
possibility of manipulating the potential of the microbiota to obtain long-term effects in adult life
occurs immediately after birth, when it is not yet fully formed. By later time periods in cattle, as
well as in humans, it becomes more stable [30, 31] and it is more difficult to influence [29] .
Manipulating the gut microbiota early in life may be an option to improve calf health [29] as it
determines the development of the intestinal epithelium, mucosal layer, immune cell status and
reduces the risk of colonization by pathogens [32] . There is also a relationship between small
intestinal microbiota and immune function, health and growth of calves [33] .

The most widely used yeast as a probiotic is Saccharomyces cerevisiae. The most effective
of them are S. cerevisiae boulardii, rich in various biologically active substances, including those
that have not yet been sufficiently studied, performing many functions: improving production
performance, promoting intestinal development, regulating the balance of intestinal microflora,
increasing immunity and improving the quality of livestock products [34 ] and helping to reduce
nitrogen excretion. S. boulardii has potential probiotic activity due to its ability to produce organic
acids, essential enzymes, vitamins, and other important metabolites such as vanillic acid,
phenylethyl alcohol, and erythromycin. S. boulardii has a wide range of anticarcinogenic,
antibacterial, antiviral and antioxidant activities, and also reduces serum cholesterol levels. They
are used mainly for the preventive treatment of infectious diseases of the gastrointestinal tract and
to stimulate the immune system [35] .

Yeast Saccharomyces boulardii are the most popular commercial probiotic. They are
considered conspecific with budding yeast S. cerevisiae, commonly used in classical foods and
have an almost identical genome sequence. A distinctive feature is the ability to produce at 37° C
an unusually high level of acetic acid, which strongly inhibits the growth of bacteria, which is most
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likely associated with strain-specific mutations within the same species, giving a selective
advantage to this organism both in its ecological niche and in use as a probiotic [36] .

Its phenotypic differences from S. cerevisiae , such as acid and heat resistance, make it a
suitable drug for the intestinal microenvironment and for the relief of symptoms of gastrointestinal
infections [37] .

Supplementation of 0.5% S. cerevisiae to the diet of Simmental beef cattle increased daily
gain by 9.68%, economic benefit by 9.09%, and also reduced feed costs [38] . In addition, S.
cerevisiae can optimize the composition of the microbial environment, improve the rumen
fermentation function, stabilize the rumen pH value, stimulate the metabolism of lactic acid
bacteria, increase the activity of fibrinolytic enzymes in the rumen, and promote the breakdown of
fibrous substances. The S. cerevisiae cell wall may inhibit proliferation. harmful bacteria, thereby
regulating rumen function [39] .

Similar results were obtained in the case of feeding other farm animals and poultry.

Daniela Klein - J 0 bstl et al. (2019) [43] showed that adding a probiotic based on
Saccharomyces cerevisiae to the diet of calves in an amount of 19 g/day over 42 days, starting in
the first two days of life, contributed to an increase in the concentration of metabolites involved in
protecting animals against inflammation, as well as a decrease in fecal pH, which may indicate
increased fermentation in the hindgut. At the same time, the productivity, nutritional status and
health of newly weaned bulls improved. In studies, the effectiveness of yeast supplements was
more evident the longer they were taken.

Live yeast and yeast feed ingredients.

Marketed as live yeast, including viable "active dry yeast" containing approximately 95%
dry matter, the action of which is determined by its function in the reticulo-rumen, where it helps
to increase pH, reduce lactic acid, improve fiber digestion and increase production of protein and
volatile fatty acids, which, in combination with other strategies to control the risk of acidosis,
improves the health of lactating cows [44, 45] and by-products of yeast fermentation, which do
not contain live yeast, but include dead cells, fermentation medium and various fermentation
connections. Weaned calves fed active dried yeast (ADY) demonstrated higher digestibility of
crude protein and neutral detergent fiber, while increases in serum glucose, superoxide dismutase,
immunoglobulins A and M, and interleukin 10 were noted. growth, ruminal fermentation, nutrient
digestibility, antioxidant capacity and immune response [46] . Shown, that the addition of ASD to
the diet of low-fed beef cattle at a dose of 4 g/head per day changes the composition of the
microbiota, bringing it closer to the composition observed in cattle fed a normal diet, and promotes
a similar carcass weight. This is due to the activation of the process of nitrogen utilization and
improved growth rates of animals [47] . In a high concentrate diet, ASD supplementation
improved alpha diversity and relative abundance of rumen bacteria, amino acid and carbohydrate
metabolism, terpenoids and polyketides, lipid metabolism, as well as energy metabolism in rumen
bacteria [48 ] . It was also noted that when ASD is introduced into the diet of dairy goats, it
increases the number of rumen cellulolytic bacteria and the activity of nitrogen utilization enzymes
and immune status [49] .

Among yeast products, their cultures are of particular interest, since they contain, in addition
to yeast organisms, their metabolites formed during certain fermentation processes. Yeast cultures
promote digestion and absorption and enhance metabolic activity [50] . At the same time, the
activity of xylanase, endoglucanase, fibrinoglycogenase and cellulase in the rumen of beef cattle
significantly increases, which indicated that the yeast culture improves the digestibility of
roughage for ruminants by increasing the activity of enzymes in the rumen. It has been shown that
yeast and their derivatives can have a beneficial effect on the growth and health of animals,
especially when they are in unfavorable conditions , as well as during Salmonella infection [51] .
Thus, the addition of chrome yeast can potentially mitigate the negative effects of heat stress in
dairy cows, which may result in increased milk yield and increased milk protein content and
lactation rates improve [52] . Their combination with biologically active peptides, amino acids and
niacin, acting as a “glucose tolerance factor”, plays the role of a physiological activator action of
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insulin to improve carbohydrate metabolism [53] . Selenium yeast plays a unique role in regulating
animal metabolism, improving animal health, and increasing serine content in meat and eggs
compared to non-organic feeding [54] .

However, when yeast is used as a substitute for antibiotics in livestock, results vary
depending on several factors, including the species of yeast, components of the yeast product, feed
ingredients, category of animal, type of symptoms, and differences in rearing conditions [55] .

Numerous yeast additives and yeast feed ingredients are manufactured, sold and used in feed
as sources of nutrients, probiotics, and suppliers of nutraceutical compounds including cell wall
polysaccharides such as B-glucan and mannan, which perform a variety of biological functions:
enhancing immunity, improving antigenicity, stress relief, stimulation of growth and development
[56] .

In recent years, metabolic products secreted by living microorganisms or released after their
lysis, called postbiotics, with anti-inflammatory, immunomodulatory, antiobesity,
antihypertensive, hypocholesterolemic, antiproliferative and antioxidant activity have attracted
attention. The concept of postbiotics, evidence of their health benefits and possible signaling
pathways involved in their protective effect, as well as prospects for use in foods and
pharmaceuticals, are reviewed in J. E. _ Aguilar - Toal 4 et al . [57] . Postbiotics are distinguished
by a clear chemical structure, safety, long shelf life and the content of various signaling molecules.
The exact mechanisms of their action are not fully understood, but the data obtained suggest that
postbiotics can help improve the health of the host by enhancing specific physiological functions.
The health benefits of postbiotics are thought to be due to modification of the intestinal microbiota,
competitive attachment to the mucosa and epithelium, improvement of epithelial barrier function,
and modulation of the immune system [58-60] . Postbiotics, which are mixtures of intermediates
and end products of microbial fermentation, are currently being investigated as non-antibiotic
growth promoters [61].

A striking example of postbiotics that have a comprehensive positive effect is the product of
anaerobic fermentation of Saccharomyces cerevisiae (SCFP) [62] . SCFP is one example of an
effective postbiotic that, when administered to the diet, enriches it with a mixture of metabolites
such as lysed cellular components, amino acids, lipids, volatile fatty acids and B vitamins, which
improve rumen development, feed intake, and the health and growth of test subjects animals [59,
63, 64] examined the effects of a Saccharomyces cerevisiae-based direct-fed microbial preparation
(DFM) on growth performance, whole blood immune gene expression, serum biochemistry, and
plasma metabolome of newly weaned beef steers. This study demonstrated that using a basal diet
supplemented with 19 g of DFM daily over a 42-day supplementation period improved their
performance, nutritional status and health. Analysis of the plasma metabolome revealed an
increase in the concentration of metabolites, 5-methylcytosine and indoleacrylic acid, involved in
protecting animals from inflammation. There was a trend toward lower fecal pH in steers fed this
diet, which may indicate increased hindgut fermentation. The effect of SCFP products on
improving the growth and health of calves can be attributed to their ability to modulate the
microbiota in the gastrointestinal tract. A high-throughput sequencing study of the effects of
SCFPs on microbial communities in each gastrointestinal tract in Holstein calves showed that their
inclusion in the diet increased the diversity of microbial species in the large intestine, rumen and
rectum, and stimulated colonization by fibrolytic bacteria (Lachnospiraceae and
Ruminococcaceae) in the rumen and colon [65] . A study on the effects of SCFP conducted in the
first 56 days of life in Holstein bulls showed an improvement in gastrointestinal morphology,
possibly due to an increase in Butyrivibrio and a decrease in Prevotella in the rumen fluid, leading
to increased butyrate production [64 ] . SCFPs also attenuate the effects of increased ruminal and
peripheral bacterial endotoxin concentrations and inflammation resulting from subacute rumen
acidosis, a metabolic disorder in dairy cows associated with dysbiosis of the rumen and hindgut
microbiota [66].

66



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

Yeast protein preparations, characterized by low production costs while maintaining the
highest food quality standards, can also be used in the food industry to replace conventional food
protein[67].

Conclusion

Modern realities dictate the need to develop new, more environmentally friendly methods
than the use of antibiotics, to maintain a healthy microbiota in the gastrointestinal tract of both
humans and farm animals. One of the most progressive methods in this regard seems to be the use
of probiotic microorganisms. If previously most of the research was focused on probiotic bacteria,
over the past few years more and more attention has been paid to the probiotic properties of yeast
organisms, which are characterized by ease of cultivation, greater efficiency and adaptability to
damaging conditions in the gastrointestinal tract of the host organism. The use of yeast in the form
of probiotic, prebiotic and postbiotic preparations has proven effective both in stimulating the
growth of farm animals and poultry and in preventing the development of intestinal pathogens in
them. A number of authors have shown that, despite the insufficient study of postbiotic yeast
preparations, their already identified properties, such as a clear chemical structure, resistance to
various damaging factors, the possibility of long-term storage, and most importantly, a positive
effect on specific physiological functions of the host organism, put them forward in first place
among biological factors stimulating the growth and development of living organisms. The results
of research by various authors suggest that their use will expand in various areas of the
biotechnology industry.
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Mukpo6HONOTHs %oHe BUPYCOIOTHS FRUTBIMH-OHIpicTiK opTanbIFel, Anmatsl, Kazakcran
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MAJI IIAPYAIIBUIBIFBIHIA JKEMIIOMN AINBITKBICHIH JKOHE OJIAPIBIH
TYBIHIBLIAPBIH KOJJAHY IBIH TAIMILTITT

Tyiiin

BipkaTtap 06bexTHBTI cebenTepre OailIaHBICTBI, €H 0ACTBICHI - Kep Iapbl TYPFBIHAAPBIHBIH TYPaKThI
ecyl, COHIai-aKk aybll IIapyallbUIbIFbl ©HMAIPICIH TaOBICTBI KYPri3yli KHBIHAATATHIH KIMMATTBHIK
KargainapAblH aWKbIH e3repyl, oJeMiIe aybUIapyallbUIbIK JKaHyapjapbl YIIIH a3bIK-TYJIK II€H
JKEMIIONITIH aWTapJIBIKTal TaIIIBIIBIFEI Oaiikamaapl, OYIT OapIsIH OHAIPICIH KEACH VIIFAUTy KaKETTIIITIH
KepceTei. A3BIK-TYJIK MEH XEeMIiK aKybI3IbIH KETICIeYIIUIITiH TOATHIPY, COHJIai-aK aybUIIapyabuIbIK
JKaHyapJapblHbIH JeHCAyJbIFEIHA Oenrimi Oip ocep eTeTiH JKOHE OpTYpili TaOWFATTBIH 3USHIBI
(hakTOpJapblHa Kapchl TYPY MYMKIHAITIH KepceTeTiH Oipkarap OHMOJOTHSUIBIK OCJICEHIl 3aTTapiAbl aily
MOCEJIECiHIH OHTAWIbl IIENIiMi MHUKPOOPTaHU3MAECp OMOMAaCCACHIHBIH OMOTEXHOJOTHSIIBIK OHIIPiCiHIH
KyaTTBUIBIFBIH apTThIpy Oouibin Tabbutanpsl[1, 2]. Byn KoWbuFan MiHAETTEpAl STy IiH KalbiFa Oipaeit
TaHBUIFaH HYCKACHI O1p jKacylIajibl aKybI3/ibl OHIIpy Oonbin Ta0dbuIaas! [3-5]. Bip xacymainsr 6nomaccaia
cosimeHn (38,6%), Oanbiknen (17,8%), ermen (21,2%) sxoHe TodbIK cyTrneH (3,28%) caibicThipraHaa
aKybB3IbIH Korapel maitb3bl (30-80%) Oap, onm MaHBI3ABI AMUHKBIIIKBUIIAPBIHBIH, COHBIH IITiHIE
METHOHWH, TPEOHUH >KOHE JIM3UHHIH Ke31 00IbI Tabbutaps! [6]. Mukpoopranu3miep KeMipTeri Ko3iHiH
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TOMEHJIITIHE, JKepre, CyFa TOYCNIUIKTIH TOMEHAINIHE JKOHE KONAWIbl TaMakKTaHy NpoQuIiMeH
OipiKTIpiATeH MayCHIMIBIK aybITKyJIapFa OalIaHBICTHI J)KaHA TaMakK Ke3i peTiHae Hazap aymapabl. Kaszipri
YaKpITTa MHUKPOOTHIK aKybI3[bl OHAIPYIIH OJIE€YeTTI TEXHONOTHSJIApPbl, OHBIH AapTHIKIIBUIBIKTapHI,
Kayilnci3miri »KoHe OHBl KOJAaHyMeH OaiilaHbICTBl LIEKTEyJep JKOHE KEH ayKbIMIBl —EHTi3y
NepCHEeKTUBANAPHI CHIHU TYPFbIIAH KapacTeipbutya [7]. bys connaii-ak e3zekti Macene, ce6ebi a3bIK-TYIIK
aKybI3JIapbIMEH KAMTaMaChI3 €TYJIIH TOCTYPJIl aybUTIIapYaIbIIbIK JKOJIbI )KETKITIKCI3 FaHa eMec, COHBIMEH
KaTap KopIllaraH opTara Tepic acep €Tyl MyMKiH, COHBIKTaH OHbI KaiiTa Kapay Kepek [8].
KiarTi ce3nep: maii, mpobioTHKTEp, Ka3aHABIK KOcajaap, IOCTOMOTHKTED.
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AHHOTALUSA

[To psigy OOBEKTHBHBIX TIPUYHH, OCHOBHBIMU M3 KOTOPBIX SIBIISICTCS HEYKJIOHHBIA POCT HACEICHUS
36eMHOrO IIapa, a TaKkKe SPKO BHIPAKEHHOE H3MEHCHHE KIUMATHYECKUX YCIOBUH, 3aTPYIHSFOIINX
YCIICNIHOE BEJICHUE CEILCKOXO3IHCTBEHHOI'O ITPOWU3BOJICTBA, MHPY TPO3UT CYIIECTBECHHBIH JE(UIHT
MPOAYKTOB THTaHUS W KOPMOB IS CEIIbCKOXO3SHWCTBECHHBIX JKUBOTHBIX, YTO CBHUACTEIBCTBYET O
HEOOXOJUMOCTH CPOYHOTO HapalluBaHWs WX NPOU3BOACTBA. ONTHMAaNIbHBIM pPEIICHUEM MPOOIEMBI
BOCIIOJTHEHUSI JIeQUIIMTa THIICBOIO W KOPMOBOTO O€jKa, a TaKKe MOJYYCHUs psjga OHOIOTHYECKH
aKTHUBHBIX BEIIECTB, MPOSBISIONINX OMPEACICHHOE BO3/ICHCTBUE Ha 37I0POBBE CEIHCKOXO3SHCTBEHHBIX
JKUBOTHBIX M BO3MOXXHOCTH TPOTHBOJCHCTBHS TOBPEXKIAIOMUM (HaKTOpaM pa3IUdHON MPHUPOIBI,
MPEJICTABISCTCA  YBEJIMYEHHE  MOIIHOCTEH  OHMOTEXHOJIOIMYECKOrO0  IMPOM3BOACTBA  OMOMACCHI
Mukpoopraau3moB [1, 2]. OGuienpu3HaHHBIM BapHaHTOM pEIIEHHS IMOCTABIEHHBIX 3a/Jad SBJISIETCS
HPOU3BOJACTBO Oelika OMHOKJIETOUHBIX [3-5]. Bromacca OJHOKJIETOUHBIX COIEPKUT Oojiee BBICOKHI
nporent 6enka (30-80%) mo cpaBHeHuto ¢ coeit (38,6%), pridoit (17,8%), macom (21,2%) u 1eapHBIM
MostokoM (3,28%), sBISETCS MCTOYHUKOM HE3aMEHHMBIX aMHUHOKHCIOT, B TOM YHCIE METHOHHWHA,
TpeOHHHA U Ju3KHa [6]. MUKpOOpPraHU3MBbl MPHUBJIEKIM BHUMAHHE KaK HOBBIA MCTOYHMK IHIIN H3-3a UX
HU3KOTO YTJIEPOTHOTO Ciie/ia, HU3KOM 3aBUCMOCTH OT 3€MJIH, BOJIBI i CE30HHBIX KOJIeOaHUH B COUETAHUN
¢ OnarompusaTHBIM mpoQuIieM TMUTaHWsA. B Hacrosimee BpeMsl KPUTHYECKH PacCMaTpPHBAIOTCS
MOTCHI[UATBHBIC TEXHOJOTHH IPOU3BOJICTBA MHKPOOHOTO O€NKa, ero MpeuMyliecTBa, 0E30MacHOCTh U
OTpaHHWYCHUS, CBS3aHHBIC C €r0 UCIOIB30BAHMEM, a TaKKe IMEPCIeKTHBE 0oJiee IIMPOKOTrO
KpylmHOMacmTabHoro BHempeHus [7]. DTO akTyalpbHO e€Ile W [OTOMY, 4YTO TPaJUIIHOHHBIN
CEIIbCKOXO03SIMCTBEHHBIH Ty Th CHA0KEHUS! MUIIEBBIMU )KHBOTHBIMHU OEJIKAMU HE TOJILKO HEJIOCTATOUYCH, HO
MOJXKET OKa3bIBaTh OTPUIIATEIHHOE BO3JEHCTBHE M HA OKPYXAIOIIYI0 CPEly U IMOTOMY JIOJDKEH OBITh
nepecMoTpeH [8].

Kiawo4eBble cJIoBa: IPOXKIKH, POOHMOTHKH, KOPMOBBIE JOOABKH, TIOCTOMOTHKH.

Jposxku Kak MPOOHOTHKHI

JlyqmumMu MUKpPOOPTaHM3MaMH B TIPOM3BOJICTBE O€lika OHOKJICTOYHBIX IPH3HAHEI
TPOKKH, TIPEBOCXOSAIINE OAKTEPUH U BOJOPOCIIH 110 IPOCTOTE MOIyUEHHUS] OMOMACChI, BHICOKOMY
conepkanuto 6enka (okoso 50% ot cyxoil 6uoMacchl) U aMUHOKHCIIOT, HU3KOMY COJEpPKaHUIO
HYKJICMHOBBIX KHCJIOT, & TAK)XXE M0 CIOCOOHOCTU PACTH MPH PA3IMYHBIX YPOBHSIX KHUCIOTHOCTH.
Hx ¢usznonornyeckre 0COOCHHOCTH, TAKUE KAaK YCTOHYMBOCTD K JKEITYHBIM COJISIM U KUCJIOTaM U
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CBSI3aHHASI C ATHM BO3MOXKHOCTh BBDKHMBAHHS B KEIYJAOYHO-KHUIIEYHOU cpene, TuapoPpoOHOCTh
KJICTOYHOW TOBEPXHOCTH, CHOCOOHOCTh K ayToarperanvd, aHTHOKCHUIAHTHAs aKTUBHOCTh W
AKTUBHOCTH [-TaJIaKTO3MIa3bI MO3BOJIMIIN PACCMAaTPUBATh JIPOMIKEBBIE OpraHU3MbI KaK BEeChMa
s¢dexTurBHBIE MPOOHOTHKY in vivo [9-11].

[Mocnennee mpencraBiasieT OCOOBI MHTEpEC H3-3a PACIHPOCTPAHEHHS YCTOMYMBOCTH K
AQHTHOMOTUKAM Y TIO/ABISIONIETO OOJBITMHCTBA JKUBBIX JYKaPHOTHUECKUX OPIraHU3MOB U
OMOJIOTUYECKON YTPO3bI TS 3710POBBS UENOBEKA M KUBOTHBIX, YTO MPHUBEIO K HEOOXOAMMOCTH
0TKa3a OT HUX B KaYeCTBE CTUMYJISITOPOB POCTa M MPOPMIAKTUICCKUX MEP B )KHBOTHOBO/ICTBE.
[Tockonbky 3Ta Mepa OblIa UpeBaTa CHUKEHHEM MMOKa3aTeleil pocTa U MOBBIIEHUEM CMEPTHOCTH
JKHBOTHBIX B pe3yibTare psga 3aboneBanuii [12, 13] Bo3HMKIA OCTpas HEOOXOIMMOCTH
pa3paboTKMU albTEepHATHBHOTO MOAXOAa K MPOQMIAKTHKE HH(EKIMOHHBIX 3a00JIeBaHUM U
CTHEMYJIMPOBAHHIO POCTA H 3I0POBbBSI JKUBOTHBIX.

B sToMm mmane Bece 601ee MOMYISIPHBIMHE TSI YITYYIIEHUS 37J0POBbS CETbCKOX03SICTBEHHBIX
YKUBOTHBIX W TIOBBIIICHUS WX MPOIYKTUBHOCTH MPHU3HAHBI MPOOHMOTUKU MM MUKPOOBI TIPSIMOTO
KOPMJICHUSI, TPOSBUBIIME OOJBIION TOTEHIMANT [ TOBBIIICHHS  PEHTA0ETHLHOCTU
KHUBOTHOBOCTBA. [IpoOMOTHKH - MEKPOOHBIE KYJIBTYPBI, HX SKCTPAKTHI, PepPMEHTHBIC ITPETIapaThl
WIA WX KOMOWHAIIMU - TIPU MX BBEJCHUU B aJICKBATHBIX KOJMYECTBAX YJIYUIIACTCS COCTOSHHE
3I0POBbSI OpraHM3Ma XO35IMHA, MOIYIHPYS MHKPOOHYIO Ccpely KHUIICYHHKA, XapakTep
(bepMeHTaInH, TOCTYIUICHHE MTUTATEIBHBIX BEIIECTB U YCBOSIEMOCTh panuoHa [14, 15].

Hapsiny ¢ mpoOHOTHKaMH Ha OCHOBE OaKTEPHAJIBHBIX MITAMMOB IIMPOKO HCIIOJB3YIOTCS
JPO’OKH, B OCHOBHOM, Saccharomyces cerevisiae (SC) [15, 16], 61aroTBopHOe BIHSHUAE KOTOPBIX
Ha JKUBOTHBIX BO MHOTOM CBSI3aHO C T€M, YTO OHU CTHUMYJIHPYIOT Pa3BUTHE MUKPOOPTaHU3MOB
pyOlia, a Tak)Ke BO3EHCTBYIOT Ha 00IIIee COCTOSTHUE 3I0POBbS M MTPOAYKTUBHOCTH [17, 18].

C camoro Havasa >KU3HH CTCPWJIBHBIA JKETYIOYHO-KUIICYHBIH TPAKT HOBOPOXKICHHBIX
MJICKOTIMTAIONINX KOJOHU3UPYETCS Pa3HOOOPa3HBIMA MHKPOOPTaHW3MaMH, Ha YTO OKa3bIBaeT
BIIMSHUE, TIPEXKIIC BCEr0, WHOKYJISIMS U3 POJOBBIX myTel marepu [19], ycioBus, mpu KOTOPHIX
OPOMCXOOUT TPOLECC POJOB, [UETa, a TakKe MpPUMEHSeMble B JKUBOTHOBOJICTBE
npopMIaKTHIECKAE TPOTHUBOMHKPOOHBIC Tpenaparbl. MHOTOYHCICHHBIMH HCCIIEIOBAHUSIMUA
YCTaHOBJICHO, YTO HauOoliee KPUTHUYECKUM JUIS TENST SBISACTCS MEPUOJA WX TEepeBoja  OT
NPEUMYIIECTBEHHO MOJIOYHOW IUETHl K IMOJYYSHHIO TBEPAOrO KOpMa, OCYIIECTBISIEMBIN 3a
KOPOTKHH cpok. [lo HEKOTOPHIM JaHHBIM, CMEPTHOCTBH OT JAMAPEU B 3TOT MEPHOA JOXOAUT 10
25- 87% [20, 21]. VY BBDKHBIIMX TEJIAT OTMEYAETCSA 3aMEUICHHBIH POCT M B JalbHEHIIEM
CHIDKEHHUE TPOAYKTUBHOCTH [22, 23], 4TO CBSI3aHO HE TOJIBKO C METaOOJIMICCKOM afanTaiueii, Ho
U ¢ OOJIBIIUMH U3MEHEHUSIMH B MUKPOOHOTE KulleuHuKa [24].

MukpoOroTa KUIIEYHUKA YK€ Ha pAaHHEM JTale Pa3BUTHUS OpPraHU3Ma KUBOTHOTO MMEET
Ba)KHOEC MeTabomueckoe 3HaucHue [25], oHa BO3AEHCTBYeT Ha SHEpreTndyeckuii oomen [26] u
OKa3bIBaeT OOJIBIIIOE BIMSHUE HA CO3PEBAaHUE Q/IAlITUBHON M BPOXKIEHHOW UMMYHHOU CHCTEMBI
[19, 27], uTo oTpaskaeTcst B MOKa3aTeNIAX MPOU3BOAUTEIBHOCTH B JabHEHINCH KU3HHU, a TAKXKE B
YCTOMYMBOCTH K pa3IMYHBIM 3a0051€BaHusAM. B psizie paboT 00cyKaeHbI (PakTOPbI, ONPEACIISIONIIe
POCT MHKpPOOPTaHW3MOB, KOJOHU3UPYIOHMIMXCS B pyoOue, QopMupoBaHHMe KOMMEHCAIBHOM
MUKpPOOHOTHI MOCIIE OTheMa OT TPYIH, a TAK)KE HAIMYNE CYIIECTBEHHBIX CBSI3EH MEXIy paHHEU
MHUKPOOHOTOH, Pa3BUTHEM MMMYHHOH CHCTEMBI CIIM3HCTBIX O0OJIOYEK W POCTOM M 3JI0POBHEM
HOBOpOXJeHHbIX TensaT [28, 29]. C yuerom TOro, 4To HOBOPOXKICHHBIC TENsTa HamOoliee
BOCIIPUMMYHMBBl K KHIICYHBIM 3a00JIeBaHHSIM, OSTH JaHHBIC TO3BOJSIFOT pa3paboTarh
MOTEHIMATbHBIC CTPATETUN JJII MAHUITYJIMPOBAHUS PaHHEH MHUKPOOUOTOMN C IENbI0 YITYJIIeHUS
3[I0POBBS U TIPOTyKTUBHOCTH YKHUBOTHBIX.

BbIcOkasi CMEPTHOCTh TEJIAT, BbI3BaHHAS KHMIICYHBIMH MH(DEKIMSIMHU, a TAKKE JABJICHUE,
HaIpaBJICHHOE Ha COKPAIICHNE MCITOJIb30BaHMS aHTHOMOTHUKOB B CHITY X BPEIHOTO BO3JCHCTBHUS
U PacTylIMM YBEJIMUYCHHEM KOJHUYECTBA YCTOWYMBBIX K HUM OaKkTepHil, TNPHUBEIU K
HEOOXOMMOCTH pa3pabOTKH CPEICTB aIbTEPHATHBHBIX aHTHOMOTHKAM, a UMEHHO IpenapaTos,
yIYYIIAIONIMX 3J0pPOBbE KHINEYHHKA HOBOPOXKIEHHBIX TENAT IyTeM MaHUyIUPOBaHUs
MHUKPOOHOTON KHIICYHHKA, MPEXKIE BCETO OOOTANICHUEM €ro MOJIE3HBIMH MHKPOOPTaHU3MaMH.
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MHOTrOYHCACHHBIMA ~ MCCIICJIOBAHUSMH  YCTAHOBJICHO, YTO BO3MOXKHOCTh  MAaHMITYJISIU
MOTEHIMAJIOM MUKPOOHOTBI JIJIS TOTYYSHHUST TOJITOCPOYHBIX 3(h(HEKTOB BO B3pOCIION KU3HU UMEET
MECTO cpasy MOcCIIe POKICHHS, KOT/1a OHa ele c(hopMUpOBaHa He MOJHOCThIO Ae-koHHa. K Oonee
MIO3/THUM BPEMEHHBIM MEPUOJIaM Yy KPYITHOTO pOraToro CKOTa, TaKke KaK W y JIIOJeH, OHa
cranoBuTcs Oonee cradbuinbHOM [30, 31] u Ha Hee TpynmHee BiuATh [29]. ManumnynupoBaHue
MHUKPOOHOTON KHUIIEYHHKAa B pPAaHHEM BO3PACTe MOXKET CTaTh BAPHAHTOM YIIYUIICHUS 37J0POBbS
TensaT [29], MOCKONBKY OH  OmpenenseT pPa3BUTHE KHUIICYHOTO SIUTENHS, CIIOS CIM3HCTON
00OJIOYKH, COCTOSIHUE WMMMYHHBIX KJIETOK W CHIDKAeT PHCK KOJIOHM3AlUU TaTOTCHHBIMU
MuKpoopranuzMamu [32]. OTMedaercst TakKe B3aMMOCBSI3b MEKIY MUKPOOUOTOM TOHKON KUIIKA
U UIMMYHHO# (DyHKITUEH, 310pOBbeM B pocToM TeiaT [33].

Haubonee mmpoko B KauecTBe NMPOOMOTHKOB HCIIOJIB3YIOTCS APOXOKH Saccharomyces
cerevisiae. Hambosnee neiCTBEHHBIMM W3 HHX TNpu3HaHBl S. cerevisiae boulardii Gorartsie
pa3IMYHBIMU OMOJIOTUYECKHA AKTUBHBIMH BEIICCTBAMH, B TOM WYHCJIE €IIe HE JIOCTaTOYHO
WU3YYCHHBIMH, BBHIMOJHSAIONME MHOXKECTBO (YHKIMH:  YIYYIICHHE MPOU3BOJICTBEHHBIX
nokaszaresiei, COACWUCTBHE pPAa3BUTHUIO KHUIICYHHKA, PETYIMpOBaHME OanaHca KHUIIEYHOU
MHUKPOQIIOPHI, TOBBIIIICHHE UMMYHUTETA W YJIYYIICHHE KauyecTBa MPOIYKIIMHA KUBOTHOBOJCTBA
[34] u cocoOcTBYyOIIME YMEHBIIICHHIO BhIeIeHH a30Ta. S.boulardii o6manaroT noTeHMa bHOM
MpOOMOTHYECKON AaKTUBHOCTBIO OJyilarojapss WX CIIOCOOHOCTH TPOW3BOJIUTH OPTaHUYECKUE
KHCJIOThI, HE3aMEHUMbIC (DEPMEHTBI, BUTAMHHBI M JPYTHe BaKHbIC METAOOJIUTHI, TaKUE Kak
BaHWJIMHOBAS KUCIIOTa, (DEHUIIATHIOBBIH ClIUPT U sputpomunud. S. boulardii o6mamgaet mmpoxkum
CHEKTPOM aHTUKAHIEPOTEHHOM, aHTHOAKTepUAIbHOW, MPOTHBOBUPYCHONW M aHTHOKCHUIAHTHOU
AKTUBHOCTH, a TAK)KE CHIDKAET YPOBEHb XOJIECTEPHUHA B CBIBOPOTKE KpoBH. OHU MCIIONIB3YIOTCS, B
OCHOBHOM, i1 TpOQUIAKTHIECKOro JiedeHus WHMeKnuoHHbIX 3aboneBanmii XKT u mns
CTHMYJIAIIUH KIMMYHHOM cucteMsr [35].

Hpoxoku  Saccharomyces boulardii siBnsitoTcss HambGosiee NOMYISAPHBIM KOMMEPYECKUM
poOroTHKOM. OHH CUATAIOTCS KOHCTICIU(PUYHBIMU C MTOYKYIOIMMUCS IPOXKaMu S. Cerevisiae,
OOBIYHO HCIIOJIb3YEMBIMHU B KJIACCHUYCCKHX MHIIEBBIX MPOAYKTAX, U UMEIOT MOYTH HICHTHYHYIO
MOCJIEIOBATENBHOCTh TeHOMa. OTIMYUTENTPHOH OCOOCHHOCTBIO — SIBIISIETCS  CITOCOOHOCTH
npoxyiupoBate npu +37°C HEOOBYAHO BBICOKHI YpPOBEHb YKCYCHOW KHCIOTBHI, CHIBHO
WHTHOMPYIOMEH pOCT OaKTepuid, YTO CBS3aHO, BEPOSITHEE BCETO, CO IITaMMOCHEIU(DUIHBIMU
MYTalMsIMA BHYTPU OJTHOTO M TOTO JK€ BHIA, JArOIIMMH CEJICKTUBHOE MPEUMYIIECTBO 3TOMY
OpraHU3My Kak B €ro 9KOJOTHYECKOM HHUIIIe, TAK U TIPU IPUMEHEHHUH B KauecTBe mpobuoTHka [36].

Ero ¢enorunuueckue omimumst oT S. Cerevisiae, Takue Kak yCTOWYMBOCTh K KHCIOTE W
MIOBBIIIEHHON TeMIlepaType, MAeTaroT €ro MOAXOMANINM TpenapaToM JUii MHKPOOKPYKCHUS
KUIICYHHUKA U 17151 oOsierdeHust cumntomoB uHdekiuit JKKT [37].

JHobasnenue 0,5% S. cerevisiae B pallioH CHMMEHTAIbCKOTO MSCHOTO CKOTa YBEIUUHBAIIO
THEBHOHN mpupocT Ha 9,68%, sxoHOMUUecKUi 3pdexT - Ha 9,09%, a Taxke CHUXKAJIO 3aTPaThI
kopMa [38]. Kpome Toro, S. cerevisiae MokeT ONTHMHU3MPOBATH COCTAB MHUKPOOHOU CPEJbI,
yAy4YIIATE (QYHKOUIO (QepMeHTauuu pyOma, crabunus3upoBaTh 3HaueHune pH pyOrna,
CTHMYJIUPOBaTh ~ METaOONM3M  MOJIOYHOKHCIIBIX  OakTepui, TMOBBIINIATH  AKTHBHOCTH
¢ubpuHONMUTHYECKIX (EPMEHTOB B pyOIle M CHOCOOCTBOBATH PACHICTUICHHIO BOJIOKHUCTBIX
BemtecTB. Kierounas cTeHka S. Cerevisiaé MokeT WHTHOMpOBATh MPOiH(epanuio BPEIHBIX
OakTepuii, TeM caMbIM perynupys ¢pyHkuuio pyona [39].

AHaQJIOTUYHBIE  pe3y/lbTaThl OBUIM  TIOJTYYEHBI B  Cllydae KOPMIICHHUS  JPYTHX
CEIIbCKOXO3SHCTBCHHBIX JKUBOTHBIX M NTHUIIBI [40-42].

Daniela Klein-Jobstl u ap.(2019) [43] mokasamm, uto go0aBieHHE B PALMOH TEIAT
IpoOHOTHKA HAa OCHOBE Saccharomyces cerevisiae B koiaudectBe 19r/neHp B TeueHue 42 nHEH,
HauWHAs C TIEPBBIX [JBYX JHEH OKU3HH, CIIOCOOCTBOBAJIO YBEIMYCHHUIO  KOHIEHTPAIHU
METa0O0JIUTOB, YIaCTBYIOIIUX B 3alIUTE KUBOTHBIX MPOTUB BOCHAIICHUS, a TAKXKe CHIDKEHUIO pH
B (peKaITUAX, YTO MOXKET YKa3bIBaTh HA YCHIICHHE ()epPMEHTAIINY B 3aTHEH YacTH KumeuHuka. [Tpu
3TOM YJIy4YIlIaJIach MPOJAYKTHBHOCTb, MUIIEBOM CTATyC U 30POBbE TOJBKO YTO OTIYYCHHBIX OT

73



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

rpynu ObrukoB. B nccrnenoBanusx 3¢ heKTHBHOCTD IPOXIKEBBIX 100aBOK Oblia Oojiee 0UueBUIHOM
0 Mepe YBEIMYEHUs MIPOJOKUTENLHOCTU UX MIPHEMa.

JKuiBbIe TPOXKKH U IPOAIKEBBIE KOPMOBBIC HHTPEANCHTHI

Ha pbiHKe npeuiaratoTcsi Kak *KHUBBIE IPOXOKH, B TOM YHCIIE )KU3HECTIOCOOHBIE «aKTHBHbBIE
CyXHe JPOXKH», COAEprKalIne okojo 95% cyxoro BeliecTBa, JeiicTBUE KOTOPBIX OMpeaesseTcs
ux (YHKIHEH B PETHKYJIO-pYyOIle, T/I€ OHU CIIOCOOCTBYIOT TOBBIMICHHIO pH, CHMWXEHHIO
COJIEp’KaHUsI MOJIOYHOM KHCIIOTHI, YITYYIICHUIO MEPEBAPUBAHUS KJICTUYATKH U YBEIMUCHUIO
OPOAYKIMH OeNKa U JIETY4HUX >KMPHBIX KUCJIOT, YTO B COUYETAaHUU C JPYTMMH CTPATETUSIMU 1O
KOHTPOJIIO PUCKA alU103a YITy4IlIaeT COCTOSIHUE 3/I0POBBS JIAKTHPYIOIIUX KOpoB [44, 45], Tak u
noOOYHbIE MPOAYKTHI JPOAOKEBOIO OpOXKEHUs, HE COJAepiKalllue >KUBBIX JAPOXKEH, HO
BKIIIOUAIONUE MEPTBBIE KIIETKH, ()EPMEHTAIMOHHYIO CpPely W pa3IuvHble (hepMEHTAIHOHHBIC
coemuHEHUs.  TenmsATa-oTheMBININ, TMOJydYaBIIUE€ aKTHBHBIE cyxue gpoxxku  (ACI),
JEMOHCTPUPOBAIM OoJiee BBICOKYIO TIEPEBAPUBAEMOCTh CHIPOTO Oelka U HeHTpaabHOU
JNETepreHTHONM KIETYaTKH, MPU STOM B CBHIBOPOTKE KPOBH OBUIO OTMEUYEHO YBEIUYEHHE
COJIep>KaHUsI TTIOKO3bI, CYMIEPOKCHIIUCMYTa3bl, IMMYHOTTIOOYIMHOB A 1 M u uHTepneiikuaa 10.
[Tpu 5TOM OBUIO OTMEUEHO YITYUIICHHE ITOKa3aTene pocTa, pepMEeHTAIMH B PyOIle, YCBOSIEMOCTH
MUTATEbHBIX BEIIECTB, aHTHOKCUIAHTHON CIIOCOOHOCTH U MMMYHHOTO oTBeTa [46]. [TokasaHo,
yto nodasnerre ACJI B paiiioH MsICHOTO CKOTa, MOTY4YaBIIero HU3KUHM YPOBEHb MUTAHUS, B J103€
4r/roN0OBY B JIeHb, MEHSIET COCTaB MHUKpPOOMOTHI, MpUOIMKAs €ro K COCTaBy, OTMEYaeMOMY B
OpraHu3Me CKOTa, MOJYy4yaBIIEr0o HOpPMajbHBIA PALIMOH MHUTAHUSA, U CIIOCOOCTBYET MOTYyYEHHUIO
AQHAJIOTMYHOTO BeCa TYIIH. DTO TPOUCXOIUT U3-33a aKTUBU3AIIUS MpPOIecca YTUIIN3AIUU a30Ta U
yAyYIIeHUsT TOKa3ateneid pocta KUBOTHBIX [47]. Tlpu 1umere ¢ BBICOKHUM COJCpIKAaHHEM
KOHIIeHTpaToB noOasnenne ACJ] yayumano anbga-pazHooOpasue U OTHOCHUTEIBHYIO
YUCJIICHHOCTh OakTepuil pyOIa, MeTaboau3M aMHUHOKHCIOT M YIJIEBOJOB, TEPIICHOUIOB H
MIOJTMKETH/IOB, JIMITUIHBIN 0OMEH, a TaKXKe SHEPreTHIeCKU MeTaboIu3M y OakTepuii pyoma [48].
OtMmeueHo Takxke, yTo pu BBeieHuU ACJI B pallioOH MOJIOYHBIX KO3 YBEJIMUUBAETCS YACIEHHOCTh
pyOIIOBBIX MEJUTFOJIOUTUYECKUX OaKTEePHil U aKTUBHOCTH ()EPMEHTOB HCIIOIH30BAHUS a30Ta H
UMMYHHOTO craryca [49].

Cpenu ApOXIKEBBIX MPOIYKTOB 0COOBI HHTEPEC MPEICTABISIIOT UX KYJIBTYPhI, TOCKOIBKY
OHM COJIepKaT TMOMHUMO JAPOXIKEBBIX OPraHU3MOB U HUX METaOOJNUTHI, 00pa3yloluecs B XoJe
OTIpeIeNIeHHBIX TporeccoB GpepmenTanuu. KynbTypsl 1poxokeil cocoOCTBYIOT MUIIEBAPEHUIO U
BCAChIBAaHHIO, 4 TAKXKEC YCHIMBAIOT MeTaboIMuecKyto akTuBHOCTH [50]. Ilpm sTtomM B pydue
MSICHOTO CKOTa 3HAUUTENbHO YBEIMYUBACTCS AaKTUBHOCTh KCHIJIAHA3BI, DHJIOTIIOKAHA3BI,
(buOpPUHOTIMKOTeHa3bl U 1EeJUTI0Ia3bl, UTO YKA3bIBAJIO HA TO, YTO KYJIbTYypa APOXIKEH yilydilaeTr
YCBOSIEMOCTh IPpyOOTr0 KOpMa KBa4HBIX )KMBOTHBIX 32 CUET MOBBIIICHUS aKTUBHOCTH (hEPMEHTOB
B pyoue. Ilokazano, 4To APOXKU U UX MPOU3BOJHBIE MOTYT OKa3bIBaTh OJIATOTBOPHOE BIIMSHUE
Ha POCT U 37I0POBHE KUBOTHBIX, 0COOCHHO KOT/1a OHM HAaXOJSATCS B HEOIArONMPHUITHBIX YCIOBHSIX,
a Takxke npu cajgbMoHe/utesHoi uHbekiuu [51]. Tak, go0aBieHHE XPOMOBBIX APOIKIKEH
MOTEHIMATHHO MOXET CMSATYUTHh HETaTUBHBIC TMOCIEACTBHS TEIUIOBOTO CTpecca y MOJOYHBIX
KOPOB, B pe3yJIbTaTe Yero MOTYT BO3PacTaTh yJIOH, YBETHUUBACTCA COACpKAHIE MOJIOYHOTO Oerka
U yOydIIalTcs MokasaTenu jaktaiuu [52]. WX coderaHwe C OWOJIOTHYECKH AKTUBHBIMU
NenTHAaMH, aMUHOKHCIOTAaMH U HUAIMHOM, JIEHCTBYIOIIEe KakK «(aKTop TOJEPaHTHOCTU K
TJIFOKO3€», UTPAET POoJib (DU3MOIOTHYECKOTO aKTUBATOpa NEHCTBUS WHCYIWHA JUIS YITYYIICHUS
yrieBoaHoro oomena [53]. CeneHOBBIE APOKKH HIPAIOT YHUKAIBLHYIO POJIb B PEryJIHPOBAHUM
MeTaboIn3Ma KUBOTHBIX, YIYUIICHUN 3JJ0POBhS )KUBOTHBIX U MOBBIIICHUU COJACPKAHUS CEPUHA
B MsICE U SIHIIaX MO CPAaBHEHHUIO C HEOPTaHUYECKUM KopMileHHeM [54].

Opnako, KOTAa APOXKKH UCTIOIB3YIOTCS B KAUEeCTBE 3aMEHUTENS] aHTHOUOTHKOB JJIsI CKOTa,
pe3ynbTaThl BapbUPYIOTCS B 3aBUCUMOCTH OT HECKOJIbKHX (aKTOPOB, BKIIIOYAs BUJ APOXKKEH,
KOMIIOHEHTHI JIPOKKEBOTO IMPOJYKTa, KOPMOBBIC WHTPEIUCHTHI, KATETOPUIO >KUBOTHBIX, THII
CHMITTOMOB M Pa3JIn4usi B YCJIOBUSAX BhIpanuBanus [55].

MHoOro4HCIeHHBIE JPOXOKEBBIE JTOOABKM U JIPOXOKEBBIE KOPMOBBIE HMHTPEIUEHTHI
MIPOU3BOJIATCS, MPOJAIOTCA M HCIONB3YIOTCSI B KOPMaxX B KayeCTBE MCTOYHHUKOB MUTATENbHBIX
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BEIIECTB, NPOOMOTHUKOB, IIOCTABIIMKOB HYTPUIIEBTUYECCKUX COCAMHEHW B TOM YHUCIE
TIOJICaXxapuI0B KJICTOYHOW CTEHKH, TAKUX KaK B-TJIIOKaH U MaHHaH, BBITOTHSIOIINX MHOXKECTBO
OMOJOTHYECKNX (PYHKIIHIA: yCUIICHUE UMMYHHUTETA, YIYUIlIEeHUE aHTUTCHHOCTH, CHSTHE CTpecca,
CTHMYIIAIIUS pOCTa M pa3BuTHs [56].

B mocnemnue ronpl MPUBICKIM BHUMAHHE IMPOIYKTHI METAa0O0IM3Ma, CEKPETHPYEMbIE
KUBBIMH MHUKPOOPTaHM3MaMHU HJTM BBICBOOOXKIa€MBbIE MOCIIE MX JIU3UCA, TIOJTYYHUBIINEC HAa3BaHUE
NOCTOMOTHKOB, obnanaronye POTHBOBOCTIAUTEIBHOM, UMMYHOMOTIYJIUPYIOIIICH,
AHTHUOXKUPUTEITbHOMN, aHTUTUTICPTEH3UBHOM, THUITOXOJIECTEPUHEMHUYECKOMN,aHTUTTPOSIU(hEepaTUBHON
Y aHTUOKCHJAHTHON aKTUBHOCTHIO. KOHIIEMIMS MOCTOMOTHKOB, JOKA3aTEbCTBA MX MOJIB3bI IS
3JI0POBBSI U1 BO3MOXKHBIX CHTHAJIBHBIX MTyTEH, YUACTBYIONIMX B MX 3aIIUTHOM 3 dekTe, a TaKxke
NEPCICKTUBBl TPUMCHEHUS B MHUIICBBIX NPOAYKTax © (apMaleBTHUECKUX Mpernaparax
paccmotpersl B 0030pe J.E. Aguilar-Toalad et al. [57]. ITocTOMOTHKH OTIMYAIOTCS YETKOM
XUMHUYECKON CTPYKTYpO#, 0€30MacHOCThIO, UINTEIBHBIM CPOKOM XpaHEHHs M COJAep)KaHHEeM
pa3IMYHBIX CUTHAJIBHBIX MOJIEKYN. TOYHBIE MEXaHHM3MBI MX JCWCTBUS J0 KOHIIA HE BBISCHEHHI,
OJIHAKO TIONyYCHHBIC JAaHHBIE TO3BOJSIOT MPEINOJNIOKUTh, YTO TMOCTOMOTHUKHA MOTYT
CIOCOOCTBOBaTh  yIAYYIICHUIO 3/I0pOBbSl  XO3fWHA 3a CYET YCHWICHHS KOHKPETHBIX
¢usnonorunueckux ¢pyHkuui. [Ipeamnonaraercs, 4To B OCHOBE MOJIE3HBIX IS 310pOBbs 3 pekToB
MOCTOMOTHKOB JIS)KAT MOIU(PUKAINS MUKPOOHOTHI KHIIIEYHIKA, KOHKYPEHTHOE MMPUKPETUICHUE UX
K CITU3UCTOMN 000JI0UKE U SMUTEINHNIO, YIyUIlIeHHue 6apbepHOi (yHKIINU STUTETHATILHON 000I0UKH
U Monyasius WMMYHHOR cucrembl [58-60]. TTocTOMOTHKH, MpeacTaBisionIre CO00i cMmech
MPOMEKYTOUHBIX M KOHEYHBIX IMPOIYKTOB MHUKPOOHON (epMeHTaIlui, B HACTOSIIEe BpeMs
UCCIICYIOTCS B KAYECTBE HCAHTHOMOTHYCCKUX CTUMYJIATOPOB pocTa [61].

SpkuM TpUMEpPOM TMOCTOMOTHKOB, OKAa3bIBAIOIIMM BCECTOPOHHEE MOJOXKHUTEIHHOE
BO3JICHCTBHE, SIBISETCS MPOAYKT aHa’poOHoM (pepmenTtarumu Saccharomyces cerevisiae (SCFP)
[62]. SCFP sBisiercs omHUM U3 MpUMEPOB 3PPEKTUBHOTO MOCTOMOTHKA, KOTOPBIH MpPU €ro
BBEJICHUU B PAIliOH 000TanaeT ero CMEChi0 METa0OIMTOB, TAKUX KaK JJM3UPOBAHHBIC KJICTOYHBIC
KOMITOHCHTBI, aMUHOKHCIIOTBI, JIMIU/BI, JICTYYHE JKUPHBIC KUCIOTHI M BUTAMUHBI TPyIIbl B,
yIy4IIaloNe pa3BUTHE pyOIla, MOTpedieHHe KOpMa, a TaKXkKe 37J0POBbE M POCT MOAOMBITHBIX
*HUBOTHBIX [59, 63, 64]. MccnenoBanu BiaMsHUE MUKPOOHOJOTHUYECKOTO Tpernapara MpsMOro
KOpMJIeHHsT Ha ocHoBe Saccharomyces cerevisiae (DFM) Ha mokaszareiad pocTa, SKCIIPECCHIO
UMMYHHBIX TE€HOB B IICJIbHOW KPOBH, OMOXMMHIO CBIBOPOTKH M METa0OJIOM IUIa3Mbl BHOBb
OTHATBIX OT TPYIOW MSCHBIX OBIYKOB. OTO HCCIIEOBaHUE TIPOJEMOHCTPUPOBAIO, HYTO
HCIIONIB30BaHMe 0a3zaabHOM queTsl ¢ nobdasienneM 19 r DFM exenHeBHO B TeueHue 42-THEBHOIO
nepuoJia mpuemMa yaydiinio X MPOU3BOJUTEIBHOCTh, COCTOSHIE MUTAHKS M 3/I0POBbE. AHAIN3
MeTaboJIoMa M1a3Mbl BBISIBUJT YBEIMUEHUE B HEM KOHIIEHTPAIUHA METa0O0IUTOB, S-METHUIIIUTO3UHA
U WHJOJICAKPHIIOBOM KHCIIOTBI, YYacTBYIOIIUX B 3alUTE JKABOTHBIX OT BOCHAJICHHS.
Habmoganace Tenaenus k 6osiee HU3KOoMy rokasatento pH ¢dekanuii y ObIYKOB, MOTy4YaBIINX
TaKOW paIMoH, YTO MOXET yKa3bIBaTh Ha yCHWJICHHE (epMeHTaluu B 3aaHel kumke. DPdexT
npoaykToB SCFP Ha ymydiieHue pocta U 3710pOBBS TEJIAT MOKHO OOBSICHUTH UX CITIOCOOHOCTBIO
MOJIYJIMPOBATh MHUKPOOHMOTY B JKEIymO4YHO-KUIIedHOM TpakTe. M3ydenue Bnmusaus SCFP nHa
MUKpOOHBIE cooOmiectBa B Kaxkaom ydactke JKKT ¢ wucnomp3oBaHuMEM  TEXHUKHU
BBICOKOTIPOU3BOMTEIIFHOTO CEKBEHHUPOBAHMUS, MPOBEACHHOE HA TENATaX TOJIITHHCKON ITOPOJIBL,
[I0Ka3aJl0, 4TO UX BKIIIOYEHHE B PAllMOH YBEITMYMBAJIO pa3HOOOpa3ne BUI0OB MUKPOOOB B TOJICTOM
KHAIICYHUKE, a TaKkKe B pyOIle M NPSIMOW KHUINKE, a TaKXKe CTUMYJIHUPOBAIO KOJIOHH3ALHUIO
dubponmutndeckumu Oakrepusimu (Lachnospiraceae u Ruminococcaceae) B pyOlie M TOJICTON
kumike [65]. UccnenoBanue Bausiaus SCFP, mpoBeaenHoe B mepBbie 56 aHEH KH3HH OBIYKOB
TOJIITHHCKON MOPOBI, MoKasaio ynydmenue mopdonorun XXKT, BO3MOKHO, N3-3a yBETHUCHUS
KosimgyectBa Butyrivibrio u ymensmenust cogepskanus Prevotella B pyO1ioBoii sk uaKOCTH, U4TO BEJIO
K yBenudeHHI0 BbipaboTku Oytupara [64]. SCFP ocnaGmsior Takke BIMSHHE YBEIUYCHHOM
KOHIIGHTpAIlUd PYOIIOBOTO M Tnepudepruyeckoro OakTepruaIbHOTO PHIOTOKCHHA W BOCTAJICHHUSI,
BO3HHUKAIOIINX B PE3yJbTaTe MOJOCTPOro pyOILIOBOTO aIi103a — METa0OINUECKOr0 HapyIICHUS y

JOWHBIX KOPOB, CBSI3aHHOT'O C AMCOM030M MHKPOOHOTHI pyOlia U 3aaHei KUKy [66].
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JpoxokeBble  OENKOBBIE TIperaparhl, OTIUYAIOIINECS HU3KUMHU MPOU3BOJCTBEHHBIMU
3aTpaTaMy MpU COOJIOJICHUH BBICOYAMIIMX CTaHIAPTOB KAaueCTBA MUILIEBBIX MPOIYKTOB, MOTYT
OBITh WCIOJIB30BAHBI TAKKE B MUIIEBON MPOMBIIUICHHOCTH ISl 3aMEHBI OOBIYHOTO MHUIIIEBOTO

Oenka [67].

3akiroueHue

CoBpeMeHHBIE peaTnyl TUKTYIOT HE00X0IUMOCTh Pa3pabOTKH HOBBIX, 00JIee SKOIOTUIECCKU
YHUCTBIX, YEM MPUMEHEHHE aHTUOMOTHUKOB, CIOCOOOB MOAJEpKaHUS 30POBOM MHUKpPOOHOTHI B
KEITY0YHO-KUIIIEYHOM TPAKTE, KaK YEIIOBEKa, TaK M CeITbCKOXO3IiCTBEHHBIX KUBOTHBIX. OTHUM
U3 Hauboiee NPOrPEecCHUBHBIX METOJAOB B O3TOM IUUIaHE MPEJCTaBIseTCS MNPUMEHEHUE
MPOOMOTUYECKUX MHKPOOpraHu3MoB. Ecnmu panee Oousblias 4YacTh HCCIEAOBaHUN Oblia
cocpeIoToueHa Ha MPOOMOTHYECKUX OaKTEpHsIX, TO 3a MOCIEIHUE HECKOIBKO JIET Bce OoJiblee
BHUMaHUE YyIENsIeTCs MPOOMOTHYECKUM CBONCTBAM JIPOXKKEBBIX OPTaHM3MOB, OTIMYAIOITUXCS
MPOCTOTON  BBIpamMBaHus, OoJbiieli  3(h(OEKTUBHOCTEIO M MPHUCIIOCOOJICHHOCTHIO K
noBpexaarmuM ycrnoBusM cymectBoBanus B JKKT opranusma-xossuHa. Mcmonb3oBaHue
JIpOACKEN B BUJIE TPOOMOTUYECKUX, TPEOMOTHUECKUX U MOCTOMOTUYECKHX MTPENapaToB J0Ka3ajo
CBOIO 3P (PEKTUBHOCTh, KaK B OTHOIIEHUH CTUMYJIHUPOBAHHS POCTA CEIHCKOXO3SHCTBEHHBIX
JKUBOTHBIX U MTHULBI, TaK U B IPEIOTBPALLICHUH PA3BUTHUS Y HUX KHUIIEYHBIX MMaTOT€HOB. Psgom
aBTOPOB TIOKA3aHO, 4YTO, HECMOTPS Ha HEJAOCTATOYHYIO M3YUYEHHOCTh MOCTOMOTHYECKHIX
JIPOACKEBBIX TpPENapaToB, UX YXKE BBIABICHHbIE CBOMCTBA, TaKHME KaK dYeTKas XHUMHUYECKas
CTPYKTYpa, YCTOWIMBOCTD K pa3IUYHBIM IMOBPEKIAIOIINM (haKTOpaM, BO3MOKHOCTb JJIUTEITHHOTO
XpaHEeHUs, a TJIaBHOE, TIOJIOKUTENBHOE BO3/IEHCTBUE HA KOHKPETHBIE (pr3noaorndeckue GyHKuuu
OpraHW3Ma-XO03s5MHa, BBIIIBUTAIOT WX HA MEPBOE MECTO cpeau Ouonormueckux (akTopoB
CTUMYJISIIUU POCTa U Pa3BUTHS KUBBIX OpPraHu3MOB. Pe3ynbTaThl MccienoBaHUM pa3IMYHbIX
ABTOPOB TMO3BOJISIOT OXHUAATh PACHIUPEHUS HUX UCHOIB30BAaHUS B PA3IUYHBIX 00JaCTIX
OMOTEXHOJIOTHYECKON MPOMBILIUIEHHOCTH.
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