Becui HanpisinansHaii akagomii HaByk benapyci. Cepsbist arpapubix HaByk. 2022. T. 60, Ne 1. C. 91-104 91

ISSN 1817-7204(Print)

ISSN 1817-7239(Online)

Y/]IK 636.32/.38.087.8:612.3 Ioctynuna B penaxmuro 10.09.2021
https://doi.org/10.29235/1817-7204-2022-60-1-91-104 Received 10.09.2021

K. C.Octpenko', E. M. Konockosa', B. A. Ezepcknii’, A. H. Opuaposa’',
H. B. BeJIOBa], J. A. I/IJILI/IHaZ, E. A. ﬁbIJIZ[LlprMZ, I. YO. JIantes

'Beepoccuiickuii nayuno-uccredosamensekuii uncmumym gu3suonozuu, GUOXUMUL U NUMAHUS JCUBOMHBLX
Quauan PI'BHY «Dedepanbhbiil uccied08amenbCKuil YeHmp HeUe0mHOBOOCMEd. —
BUIK umenu axademuxa JI. K. Opucmay, boposck, Kanyscckas ooa., Poccus
2000 «Buompoghy, Canxkm-Ilemep6ype, Poccus

BJIMSAHUE AJAIITOI'EHA ACKOPBATA JIMTU S
HA MUKPOBHOTY PYBIIA OBEII-SIPOK

AHHOTanMs: 3710pOBbE U MPOTYKTUBHOCTD JKBAUHBIX )KMBOTHBIX HANPSAMYIO 3aBHCAT OT PyOLIOBOTO U KHILIEYHOrO IH-
meBapenus. HopMasabHas MukpodIiopa 3aliuiiaeT OpraHiu3M OT MaTOTeHHBIX MUKPOOOB, CTUMYIUPYET HMMYHHYIO CHCTe-
My, Y4aCTBYeT B META0OIMYECKUX PEaKIMsIX W UTpaeT BXXHYIO POJIb B DHEpPreTHIeckoM odOMeHe. Hapymenne BuIoBoro
coctaBa MUKPOQUIOpH! pyOlia O/ BIUSHUEM Pa3iIHMYHBIX (JaKTOPOB MPHBOIUT K M3MEHEHHUIO YCBOSEMOCTH IPOIYKTOB ITH-
IeBapeHMsl, N3MEHEHUSIM ()epPMEHTATHBHEIX IIPOIECCOB M Pa3BUTHIO MPOYNX HATOJOTHMUECKHUX IIpoleccoB. bromornueckn
AKTHBHBIC BEIIECTBA aJalITOr€HHON MPUPOABI MOTYT IPOSBIIATE HMMYHOMOAYJINPYIOIYI0 H QaHTUMHKPOOHYIO aKTHBHOCTb.
AnanrTores ackop6at TUTHS 0071a1aeT CTPECC-MPOTEKTOPHBIMHU, HEHPOTPOPUUECKIMHU, HEHPOIIPOTEKTOPHBIMHU, aHTHOKCH-
JaHTHBIMH, IMMYHOMOIYIUPYIOINMH CBOHCTBAMH U B KaueCTBE KOPMOBOH J00aBKH BIUSACT HA MHKPOOHOTY pyOua. B Ha-
CTOSIIEM HCCICAOBAHMU NpH Hcnonb3oBaHNH NGS-ceKBEeHNPOBaHMsSL BIIEPBBIE M3YUCHO BIMSHHE aJalTOreHa ackopbara
TUTHUS Ha OaKTepuaIbHOE COOOIIECTBO pyOla OBEI-IpOK POMaHOBCKOW Mopoabl. Ha ¢oHe nauTenbsHOro comepkaHus OBell
Ha OCHOBHOM paiioHe B ycioBusax BuBapus BHUM®bull nopmodnopa pydua He moaBepranack HeTaTUBHBIM H3MEHEHUSIM.
BBeaeHne OpraHMyueckoil COJHM JIMTHS B COCTaB OCHOBHOTO pallMoHa B J03MPOBKe 10 MI/KT )KMBOH Macchl CIIOCOOCTBOBA-
JIO YCUIJICHHIO IPOLECCOB ()epMEHTAlUU B PyOle, JOCTOBEPHOMY POCTY LEJUIIOIO30JIMTHYECKON aKTHBHOCTH, CHHYKEHHIO
CyMMAapHOH J10JIM MAaTOT€HHBIX U JIOJU HEKOTOPBIX YCIOBHO-IATONCHHBIX MHKPOOPIaHU3MOB B PyOLIOBOM COJIEPKUMOM.
[Mony4eHHBIE TaHHBIE CBUICTEILCTBYIOT O OJIAarOTBOPHOM BIUSHUM BBEJCHHUS ackopOaTa JTUTHs B KauecTBe J00aBKU K OC-
HOBHOMY PaI[MOHY Ha COCTaB MUKPOOHOTHI pyOiia oBell. Baaromapnoctu. Padora BeinonHeHa B pamkax ['ocynapcTBeHHOro
3aganus ®I'BHY «®enepanbHblil ucciaeqoBaTeNnbCKUH HEHTP >kuBOTHOBOACTBA — BMOK nmenu axagemuxa JLK. DpucTtay
(tema AAAA-A18-118021590136-7).
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EFFECT OF ADAPTOGEN LITHIUM ASCORBATE
ON THE MICROBIOTA OF RUMEN OF YOUNG EWES

Abstract: Health and productivity of ruminants directly depend on the state of rumen and digestion in intestinal tract.
Normal microflora protects the body from pathogenic microbes, stimulates the immune system, participates in metabolic
reactions and plays an important role in energy metabolism. Disturbance of species composition of microflora in rumen un-
der effect of various factors leads to a state of dysbiosis, disorders of products digestibility, changes in enzymatic processes
and other disorders. Biologically active substances of an adaptogenic nature can show immunomodulatory and antimicrobial
activity. Adaptogen lithium ascorbate has stress-protective, neurotrophic, neuroprotective, antioxidant, immunomodulatory
properties. In this paper, using molecular genetic methods, the effect of lithium ascorbate on composition of rumen microbi-
ota of sheep was studied for the first time. Composition of microbiota was determined by NGS sequencing method. In total,
37 phylums, 76 classes, 98 orders, 225 families and 894 species of microorganisms were identified. It has been determined
that introduction of lithium ascorbate at a dose of 10 mg/kg of body weight into the main diet of sheep contributed to increase
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in proportion of cellulolytic bacteria from 73.6£1.6% to 75.4+0.9% and over 40% decrease in total number of infusoria in
rumen content. Cellulolytic activity of rumen fluid in sheep of the experimental group increased by 38% compared to the
animals of the control group. The number of pathogenic bacteria decreased from 2.7% in sheep of the control group to 1.6% in
animals of the experimental group, while the content of beneficial bacilli increased from 0.3% to 0.5%, respectively. Content
of undesirable and conditionally pathogenic microflora decreased in the sheep of experimental group. The obtained data
confirm positive effect of adaptogen lithium ascorbate, introduced into diet at a dosage of 10 mg/kg of body weight, on qual-
itative and quantitative composition of microbiota in sheep rumen. Therefore, lithium ascorbate, a broad-spectrum adapto-
gen, can be recommended as a feed additive to the main diet of sheep to improve rumen digestion and increase productivity.
Acknowledgments. The research was carried out as part of State program of FSBRI “Federal Research Center for Livestock -
VIZH n.a. Academy Member Ernst” (topic AAAA-A18-118021590136-7).

Keywords: microbiota, adaptogen, feed additive, lithium ascorbate, sheep, rumen, 16S pPHK, NGS sequencing, cellulo-
lytic bacteria, pathogenic microflora

For citation: Ostrenko K.S., Koloskova E.M., Ezerskij V.A., Ovcharova A.N., Belova N.V.,, II’ina L.A., Jyldyrym E.A.,
Laptev G.Yu. Effect of adaptogen lithium ascorbate on the microbiota of rumen in young ewes. Vestsi Natsyyanal nay
akademii navuk Belarusi. Seryya agrarnykh navuk = Proceedings of the National Academy of Sciences of Belarus. Agrarian
series, 2022, vol. 60, no 1, pp. 91-104 (in Russian). https://doi.org/10.29235/1817-7204-2022-60-1-91-104

BBenenue. 310poBbe M MPOAYKTUBHOCTH KBAYHBIX KUBOTHBIX HAMPAMYIO CBSI3aHBI C COCTOSTHHEM
PpyOIIOBOTO M KHIIIEUHOTO MHUIIEBapeHUsl. PyOer KpymHOro poraToro CKOTa v MEJIKUX JKBaYHbIX KUBOT-
HBIX — CJIOKHAs CUMOMOTHYECKasi IKOCUCTEMA, COCTOAMIAs U3 OaKTepHil, MPOCTeUInX, rpuOOB U ap-
Xe, IPEJICTaBICHHBIX OIPOMHBIM pa3HooOpa3ueM BHIOB. B pyOie paciernisercs 1o 60 % kieTdaTk,
okoi10 95 % nerkomnepeBapuMBbIX yrieBoaoB, 60—80 % Oenka kopMmoB. Hapsay ¢ Mone3HbIMH B Kely-
nouHo-kuiedHoM Tpakte (JKKT) ykuBaroTcs yCIOBHO-IATOICHHBIC U MTATOT€HHBIC MUKPOOPTaHU3MBI
(MO) [1]. Bunooii cocras MO pyOria MeHSeTCs IpH CMEHE PAllHOHOB, YCIIOBHH CONIEpKaHUsI, CTpeccax
Pa3JIMYHON STUOJIOTUH, COCTOSTHUS 37J0POBbS dKUBOTHBIX.

Pony Kuwieunoit mMukpoouomsl 8 hopmuposanuu A0anmueHoll, cmpecc-npomeKmopHoil 3a-
wiumol opearnuzma. MUKpPOOHOTa — 3TO COBOKYITHOCTh KOMMEHCAJbHbIX, CHMOMOTHYECKHX U MaTO-
TEeHHBIX MHUKPOOPTAaHU3MOB (OaKTepHH, apXew, MpocTeUIne, TPrObl U BUPYCHI), OOHAPYKEHHBIX BO
BCEX MHOTOKJICTOYHBIX OpPraHU3MaxX, U3YUCHHBIX HA CCTOHSIIHUN JICHb, OT PACTCHUH JI0 )KUBOTHBIX.
Hopwmansaas MukpoOroTa (M1u HopMalibHasi MEKPO(dIIopa) TPy HOPMAJIBHBIX OOCTOSITETECTBAX HE BBI-
3bIBaeT 3a00JieBaHUM, Oe3BpeHA U 3aluiIaeT xo3sruHa. HopmasibHass MUKPOOMOTA KAIIICUHUKA BBITION-
HSIET pa3HooOpa3HbIe (hu3nomornyeckrne GYyHKUUN: MUIICBAPUTEIBHYTO, TeTOKCUKAITHOHHYIO, 3aIIIT-
HYI, HIMMYHOT'€HHY0, aHTUKAHIIEPOTCHHY, META00IMYECKY 0, CHHTETUYECKYI0, TEHETHYECKYIO [2].
CoOTBETCTBEHHO, HapyIlIeHNEe paHHEel OaKkTeprnaabHONW KOJOHHU3AIUU MIJIM MHKPOIKOJIOTUN KHIIETHH-
Ka, HapyIICHUSI MUKPOOUOMa Y CPOPMHUPOBABIIETOCS] OpraHK3Ma MOTYT CIIPOBOIIUPOBATH M BBI3bIBATH
MHOXECTBO 3a00JIeBaHUN, HAIpUMeEp, OKupeHue [3], 3a00aeBaHus UMMYHHOW CHCTEMBI [4], Ooie3Hn
CUCTEMbI KpoBOOOpatieHus [5], BoCHaTUTEIbHbIC 3a00ICBaHUS KHILEYHHKA [6], oHKOJIOTHIO [7], Aua-
pero, KUIIeYHbIe KOJIIMKH, OPOHXUAIBHYIO aCTMY, CHHIPOM Pa3apa)KeHHOTO KUIIEYHUKA U JIP.

TepMuH «KMHUKPOOHOM» OIMUCHIBAET COBOKYITHOCTh T€HOMOB MUKPOOPTaHU3MOB JTUOO CAMU MHKPO-
OpPTaHW3MBI, HACEIAIONINe KOHKPETHYIO SKOJOTHYecKyro Humy. KuieuHbsrii Mukpobuom, paHee pac-
CMaTPUBABIIUICS KaK 4aCTh JIBYXKOMIIOHEHTHOW KHIIIEYHO-MO3TOBOM OCH (KOMMYHUKATHBHOW CHUCTE-
MBI, oOecrieunBaromield caoknoe ¢pyakmuonupoBanne L{THC u XXKT), sBiseTcs moTHOTPaBHEIM 3BEHOM
«MHUKPOOUOM-KHIIIEYHO-MO3T0BOY Och» (microbiome-gut-brain axis) [8—10]. JlaHHas cucTeMa BKIOYaeT
HEpBHBIE, IMMYHHBIE, 9HJIOKPHHHBIC U TTapaKpUHHBIE MEXaHU3MBbL. B3anmoneiicTBie 0akTepuil Kumied-
HOW MUKPOOHOTHI ¥ HEPBHOM CHCTEMBI OpraHU3Ma-X03sIMHA OCYIIECTBIISICTCS IIOCPEACTBOM CHHTE3UPY-
EMBIX OaKTEPHSIMHU HU3KOMOJICKYJISIPHBIX BELICCTB, HEHPOMEAMATOPOB U TOPMOHOIOAOOHBIX BEIECTB
(AaUEeTHIIXOMMH U JIPyTUe XOJWHBI, CEpOTOHWH, HOPAJAPEHAINH, TUCTAMUH U JIPYTUE aMUHBI, JKUPHBIC
KHUCJIOTBI ¢ KOPOTKUMH ILICMSIMH, TaMMa-aMUHOMAcIsiHasE KuciioTa). CekpeTupyembie OaKTepUsIMU HEl-
POTPaHCMUTTEPHI CIIOCOOHBI JAeWCTBOBaTh Ha HepBHBIC okoHYaHUs B JKKT, cTumynupoBaTh snuTenu-
aJbHBIC KJICTKU KUIICUHHUKA, KOTOPBIC B OTBET BBHICBOOOXKIAFOT MOJICKYJIbI, MOAYIUPYIOIIUE HEHporie-
pedady B SHTEpaJIbHON HEPBHOM cUCTEeMe, OKa3bIBasi BIUSHUE HA MO3T U IOBEJCHUE KUBOTHBIX [11].

Mexly cTpeccoM, UMMYHHTETOM M KHUIICUHOM MHUKPOOHMOTOH CYyIIECTBYET TECHAs B3aUMOCBSI3b.
MukpobuoTa pyOlia ¥ KUIIEYHUKA SIBIISICTCS BAXKHBIM (DAKTOPOM HecTenn(PUUIECKONH PEe3UCTEHTHOCTH
opranu3ma. CTpecc OKa3bIBaeT 3HAYUTEIBHOE BJIMSHUEC Ha U3MCHEHHE OaKTEepHaIbHOTO OajiaHca KH-
IIEYHUKA, YTO, B CBOIO OYepe/ib, BIUICT HA MMMYHUTET. CTpecc BIUSIET Ha YBEIUUYCHHUE TPOHHUIIAEMO-
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CTH KHUIIEYHOTO 3MUTEIHUs, YTO MOXKET OBITh CBSI3aHO KaK C CAMUM KHIICYHUKOM, TaK M C CUTHAJIAMH,
UCXOJSAIIUMHU U3 TOJOBHOTO Mo3ra [12]. B pe3ynbrare ocnadnsercs UMMYHHUTET, IIPOUCXOAST MOTEPH
JKUBOM MacChl U MSICHOW MPOMyKTHUBHOCTH. COBpEeMEHHBIE MPOMBINLIEHHBIE TEXHOJIOTHH >KHBOTHO-
BOJICTBA OTPaHUYMBAIOT KOHTAKT KUBOTHBIX C €CTECTBEHHBIMHU JJOHOPAaMHU HOPMATbHON MUKPOQIOPHI.
TexHONMOTHYECKHE CTPECCHI, TPOMBINIJICHHBIE SIbI, TPIMEHEHNE XUMHUOIIPENapaToB, IECTHITHIOB, BbI-
COKasi KOHIIEHTPAIIHS TIOTOJIOBhSI HA OTPAHMYEHHBIX TEPPUTOPHUAX, OCOOCHHO B YCIIOBHSIX CTOIIOBOTO
COZICpIKaHUs1 JKUBOTHBIX, HApyIIICHHE TEXHOJIOT MM KOPMIICHHSI M COJICPIKAHM I, HETIOTHOIICHHBIE U HecOa-
JIAHCUPOBAHHBIC PAI[MOHBI KOPMJICHHS, TTPUMEHECHHUE KOPMOBBIX aHTHOMOTHKOB MPUBOIST K HapyIlie-
HUIO MUKPO(IIOPHI KUIIEYHUKA 1 BOSHUKHOBEHHIO cTpecca. Ha 3Tom ¢oHe y ) KHUBOTHBIX (hOPMHUPYIOT-
csl TMCOaKTEePHO3bl, CHUKAECTCS €CTECTBEHHAs! PE3UCTEHTHOCTh U MPOAYKTUBHOCTB: CICACTBUEM ITHUX
HApYIICHUW B OPTaHU3ME SIBJISCTCS U3MEHEHHE COCTaBa €ro OpPraHOB M TKAHEH, YTO B KOHEYHOM HUTOTE
MPUBOJUT K CHUKCHHUIO Ka4eCTBA JKMBOTHOBOMUYECKOW MPOMYKIIMU U SKOHOMUYECKUM moTepsm [13].
OnHO U3 BaXXHEHIIINX TOCIEACTBHI cTpecca — U3MEHEHHS B COCTaBe, PA3HOOOPAa3UH U KOJTMYECTBE OaK-
TepHil B KUIIIEYHUKE: BO3PACTAET KOIMYECTBO ITOTSHIIMAIBHO OMTACHBIX OaKTepUid. Y KPOJIHMKOB, ITOJIBEP-
raBIINXCs TermIoBoMy crpeccy (o 42 °C), obiee MUKPOOHOE YKCIIO B KHUICYHUKE YBEITNIHBAIIOCH 110
CpaBHEHHIO ¢ KOHTpoJeM Ha 12,8 % ¢ ogHOBpeMEHHBIM POCTOM YHCIIa YCIOBHO MAaTOTeHHBIX BII0B MO:
sHTepodakTepuii — Ha 11,1 %, sHTEepOoKOKKOB — Ha 19,0 %. TemmoBo#l CcTpecc HapyIIaeT EIOCTHOCTD
KHUIIEYHUKA, YTO MPUBOAUT K MOBBIIICHUIO KUIICUHON TPOHUIIAEMOCTH JJISl SHJA0TOKCHHA, TPaHCIOKa-
UM KUIIeYHBIX TaToreHoB [14]. Mukpobuota XXKT B3pocnbIx Kpbic, MOABEPTIINXCS IEMTPECCUBHOMY
BO3JICHCTBUIO B TEPUOJ PAHHETO Pa3BUTHS, M0 CPABHEHUIO C KUBOTHBIMH, BBIPAIIICHHBIMU 0€3 BO3-
JeHCTBUS cTpecca, Obula MeHee pazHoo0pas3Hoii [15], 4To acCOMUMPOBaIOCh C MOBBIIICHHOW peakue
TUTIOTAJIAMO-TUTIO(HU3aPHO-HATIOYCYHUKOBOY CHCTEMBI U TTOBBIIICHUEM ITPOBOCIATUTEIBHBIX [UTOKHU-
HOB. Y MBIIIICH, MMOJIBEPTaBIINEC] XPOHHYECKOMY CTPECCy B TEUCHHE 5 He/lelb, Pa3BUBAIIOCh YTHETEH-
HOE€ COCTOSTHUE, 0TMEUAJIOCh 3HAYMTEIIHbHOE CHIIKEHHUE Y POBHS JTakToOakTepuii [16].

Kumieunbsie nHpeKnn, XpOHNYECKHE BOCIIAIUTENbHBIE 3a00JIEBAHUS COIPOBOXKIAIOTCS TPEBOX-
HBIMH, JETPECCUBHBIMU PacCTPOWCTBAMH, HAPYUICHUS MU KOTHUTHUBHOU cdepsl y 60 % manueHTos,
a TsDKeNble JISTIPECCUH MTOYTH BCET/Ia COMPOBOXKatoTes 3amopamu [17]. B pesymbrate n3ydeHus BIHs-
HUSI MUKPOOHOTHI Ha Pa3BUTHE TPEBOXKHBIX U/ ICPECCUBHBIX PACCTPOICTB U OIICHKH TEPareBTHIECKO-
r'o OTEHIIMAaIa MPOOHOTUKOB B OTHOLIICHNH 9THUX 3a00JIeBaHM ObLIa BBIJIeNIeHa 0c00ast TPyIIa ICHX0-
01OTHKOB — K UBbIX MO, KOTOpBIC TP MPUMEHEHUH B aJICKBATHBIX KOJIMYECTBAX CIIOCOOHBI OKa3bIBAThH
OsiaroTBOpHBIN 3(PdeKkT Ha TCUXOPU3UOIOTHUYecKoe cocTosiHue opraHusMa [18]. K mcuxobuoTukam
MOXHO OTHECTH M HEKOTOpbIe MPEOUOTHUKH, CIIOCOOCTBYIOLINE MMOJIOKUTEIbHBIM U3MEHEHUSIM COCTaBa
Y aKTUBHOCTH KHUIIICYHOU MUKPOOHOTHI [19].

Ha muxpo6uory XXKT camoe MomniHOe BIUSTHUE OKa3bIBACT MUIIA, HO XapaKTEPUCTUKH 3TOTO BIIU-
SHHS KaK B HOpMe, TaK ¥ MPH BO3IeWCTBUH (DaKTOPOB JIe33/IallTallik U3y4YeHbl HegocTaTouHo. OT pa-
[[MOHA 3aBHCUT MUKPOOHOE pa3HooOpasue pyOlia, COCTOSHUE 3A0POBbs U MPOAYKTUBHOCTH JKBaYHBIX
JKUBOTHBIX. B MuKpoOmoTe pydlia JOMUHUPYIOT OaKTepUH, KOTOPHIE BHOCST HAaWOOJNBIINI BKJIAJ
B IepeBapruBaHue M TpeBpalieHne KOpMoB B JieTyuue xupHble KuciaoTsl (JIDKK) n MuxkpoOHBIf Oemok.
bakTtepunanpHoe cooOmecTBO pyOma 3aBHCHUT OT COCTaBa palMoHa, TUIIOB KOPMOB, BO3pacTa KHBOT-
HBIX W CTpaTeruu KopMileHHs. Bapuanuu 3Tux (akTOpoB OKa3bIBAIOT CHIIBHOE BIUSHUE Ha MeTabo-
Ju3M pyOlia, YTO MOXKET MOBJIMATH KaK Ha MPOJyKTUBHOCTb, TAK M Ha 3/I0POBbE JKBAYHBIX JKUBOTHBIX.
MuxkpobuoTa pyO1a MoeT ObITh c(HOPMHUPOBAHA O] BIUSIHIEM KOPMOBBIX, aJJAITUBHBIX aHATOMUYE-
CKMX U (pu3HoNOrnYecKux (pakToOpoB M Pa3BUBATHCS B 3aBUCUMOCTH OT OCOOECHHOCTEH MPUMEHSEMBIX
TEXHOJIOT'Mi KOPMIJICHUSI Y Pa3HbIX BUJOB )XKUBOTHBIX. BIMsHHE KOPMOBOI'O palMOHA HA CTPYKTYPY
MUKPOOHBIX COOOIECTB pyOlla UCCIIEA0BAIOCh Y MHOTHX BHJIOB KBAaYHBIX KUBOTHBIX: siKOB [20], Toj-
MITUHCKUX MOJIOUHBIX KOpOB [21], Mexmranckux OyHBosoB [22], THOeTCKHUX oBell [23], ceBepHBIX OJIe-
Hel [24], Tanckux oBerl [25] 1 ko3 [26].

Ji1s coxpaHeHHS 3/I0pOBbSl I CTUMYIISIIIUN POCTA, PA3BUTHS KUBOTHBIX U MOYYEHHS SKOJIOTHYE-
CKM 0€30ITacHOI M KaueCTBEHHOW MPOMYKIIUH EJICCO00pa3HO MPUMEHSITh MTPOOMOTHUIECKHUE TIperiapa-
ThI, KOTOPBIE SBJISIFOTCSI OMOKATAIM3aTOPAMU MHOT'MX KU3HECHHO BaYKHBIX MPOIIECCOB B MUIICBAPUTEIb-
HOM Tpakte [27]. B HacTosiIIee BpeMs aKTHBHO CO3/1al0TCs CTICUAT3NPOBAHHbBIC H (DYHKIIMOHATBHBIC
MHUIICBbIC MPOJAYKTHI, 00OTalllCHHbIE OMOJIOTMYECKU aKTHBHBIMHU BemiecTBaMu (BAB) amanToreHHOro
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xapakrepa. MHOTHe U3 HUX MO3UIUOHUPYIOTCSI B KAYECTBE CPEICTB, CIIOCOOHBIX MOBBIIIATH YCTOHYH-
BOCTh OpraHU3Ma K BPEIHBIM (DU3NUYECKUM M TOKCHYECKUM (DaKTOpaM Cpelibl, a TAKKE MPOSBIATH UM-
MYHOMOJIYJIHPYIOUIYIO ¥ MTPOTHBOMHUKPOOHYIO akTUBHOCTh. K BAB HOBOro mokosneHust 100aBIsSIOTCS
HOBBIE CBOWCTBA, a IMEHHO: aHTHOKCHIaHTHAS aKTUBHOCTH (DMIMMHUHALINS PaIUKaIBHBIX (HOpPM KUCIIO-
porna), MPOTUBOBOCTIATUTEIEHOE ICHCTBUE, aHTUMYTAareHHBIH 3P PeKT (cTabnumn3arus TeHoMa X03sTHa
1 €r0 MUKpOOHOMa), TO3UTUBHOE BIUSHUE HA TICHXUUecKkuil craryc naausuaa [10]. K mociaemamm rinas-
HBIM 00pa30M OTHOCSITCSI HEKOTOpPbIE Mpernaparsl MpOOUOTHKH, B TOM YHCIIE ICUXOOUOTHKH, U aJarTo-
rebl. K ajanroreHaM JTUTHS OTHOCSITCS M OPTaHMUYECKUE COJIU, B YaCTHOCTH, ackopOat nutus. Ero BbI-
pakeHHBIC aHTHOKCHJAHTHBIC, aHKCHIIOJIUTHUECKUE U HEHPOIPOTEKTOPHBIE NEHCTBUS MOT'YT OKa3aTh
MOJIOKHUTETBHBIN () (HEeKT Ha KUIIEUYHYI0 MEKPOOHUOTY, OCOOEHHO B YCIOBHSX CTpecca.

Mukpoouoma pyoya osey. B Hacrosiee Bpemsi OOJIBITUHCTBO UCCIICIOBAHMM 110 U3YUYCHHIO B3a-
UMOCBsI3el MKy 3(PPEKTUBHOCTHIO KOHBEPCUU KOPMa U MHUKPOOMOMOM pyOLa OblI0 MPOBEIEHO Ha
KpyITHOM poratoM ckote. OIHaKO B MUPE HAaCUUTHIBACTCS OKOJIO 1,2 MIIPH OBEN, BBIPAIIUBAEMBIX JIIISI
IIPOU3BOJICTBA Msica, MOJIOKA U miepcT. OBIEBOJICTBO — BAYKHOE JIECOXO3SMICTBEHHOE HAIlpaBJICHHUE Ha
MEITYHapOJHOM YPOBHE, UYTO MOATBEPKAAETCS MOCTOSIHHBIM €XErOAHBIM POCTOM 3TOr0 cekTopa [28].
duznonorus, OMOXUMHUA U TeHETHUKA, TEXHOJIOTHS TTPOM3BOICTBA POCCHHUCKHUX OBEIl POMAHOBCKOW TIO-
pOIBI TOCTATOYHO M3yUeHHI [29]. bpumn omyOanKoBaHBEI pabOTHI TO-OICHKE MUKPO(IOpHI pyOIra oBelr
POMaHOBCKOM MOPOJIBI C UCIOJIB30BAHUEM KJIACCHIECKUX METOZ0B MUKPoOHooruu [30], orieHeHBI POJIb
UH(Y30puil B NIepeBapuBaHUU COIEPKUMOro pyona [31], memnonozonuTudeckas akTHBHOCTb MUKPO-
ouorieHo3a pyoua [32].

B pabotax 3apyOeXHBIX YUEHBIX, B MIEPBYIO OUepeib KUTAMCKHUX, JJIsl UCCICIOBAaHUS MUKPOOHO-
Ma pyOna mHTEHCHBHO Hcnonb3yeTcss NGS-ananus. OOBEKTHl MCCIENOBAHUS — KHUTaHCKO-MOHTOIIb-
ckue [33], tuberckue [23; 34-37], ousl Tan [25], moHrombckue Xy (Hu) [38]. Beuto mokaszaHo, 4To
rnaBHble oTnensl XKKT oBer (pyOen, TOHKUN M TOJCTBIM KHIIEYHHK) XapaKTEPHU30BAIHCH BBICOKUM
pazrooOpazuem MO: nums 76 OTE (onepalinoHHBIX TaKCOHOMHUYECKUX €IWHHUII) ObLTH OOITUMU TS
BCEX OTJENIOB KHINEYHHKA, mofasistoniee OompumHcTBO OTE OBLTO YHUKANBHO I KaXKIOTO OT/e-
ma [33].

[Ipu m3ydeHnw BIUSHUS COCTaBa pampoHa Ha OaKkTepHabHOE COOOIIECTBO pyOIla M MOKa3aTelIH
pocTa OTKOPMOYHBIX SITHST OBIJIO TIOKa3aHO, YTO T'PaHyJIUPOBAHUE BEICOKO3EPHOBOTO OOIIIETO paluoHa
U3MEHSUIO (PepMEHTAIIHIO B pyOlle M YCHJIMBAJIO YTHIIM3AIMIO caxapa MUKpoOroTol py6oia [38]. ¥V oBen
Ha BbINace MUKpOOHOM pyO1ia ObIT pa3HOOOpa3Hee, YeM MPH CTOMIIOBOM COIep)KaHUU Ha KOHIIEHTPUPO-
BaHHOM pauuoHe. JlomuHupyOmUMHA 13 17 GunymoB 6akTepHii ¢ pa3HbIM IPOLEHTHBIM COACP)KaHUEM
B COOTBETCTBYIOIIMX I'pynnax OvlnuBacteroidetes (51 u 39 %), Firmicutes (28 u 14 %) u Proteobacteria
(16 1 46 %): pauMOH OKa3bIBaJ CHJIBHOE BIMSHUE HAa XapakTep OaKTepHaJbHOTO JOMUHUPOBaHUs [25].
Proteobacteria xax BaxHBIH GUIYM MUKpOOWOTHI B MeTaboim3Me pyOlla JOMUHHPOBAT Yy JKUBOT-
HBIX, TIOYYaONUX KpaxMaJcoaepKamiue TUeThl [22], oHU ke ObUIM HamboJee pacnpoCTpaHEHHBIM
(umymMOM y OBell, TONYYaBIIUX PAIlMOH C BBICOKUM COJIep’KaHWEM KOHIIGHTPATOB. B rpyrire Beimaca
conmepykanue Fibrobacteres ObI70 BEIIIE, YeM B TPYIITIC ¢ KOHIICHTPATHBIM PAIlOHOM, KaK M B padoTe
JIPYTOro KOJJICKTUBA yUeHHIX [38]: mpencraButenu Fibrobacteres TECHO CBSI3aHBI C AeTpaJlallueh 1ell-
JIFOJIO3BI M JINTHUHA. Y KO3, TOJIyYaBIINX PAIMOH C BBICOKMM COZIEp KaHHEM 3epHa [26], yBeTnynBaiach
B pyOtte nouist p. Succiniclasticum v yMEHbBIIAIOCH COJICPIKaHUE HeKIacCupUIMpoBaHHbIX Rikenellacea,
Erysipelotrichaceae, Ruminococcaceae, Fibrobacter w Lachnospiraceae, CBI3aHHBIX C Jierpajalucii
LEJUTIONO03bI U LEMUIICIUTION03bL. Y OBel Habmoaanu To xe camoe [25]: Succinivibrionaceae, yuacTBy-
IOWIMX B AeI'pajaliy Kpaxmaia, Oblio Oolblie B pyOle oBell KOHIIEHTpPaTHOro panuoHa. [loBbieHue
COACP)KaHUsl KOHIIGHTPATOB B PAaLlMOHE CHOCOOCTBOBAJIO POCTY B PyOLIOBOH MUKpPOOHOTE OBEL AOJIH
npeactaBureneit puiyma Bacteroidetes u p. Prevotella, nHo mpu 3TOM yMeHbIIaN0Ch pa3Hoodpaszue MO
pyOra [23].

Ha coctaB MEUKpOOHOTHI pyOI1a OBeI] U KO3 OKa3bIBaeT BIMsSHUE reorpadus ooutanus [34], pazHo-
obpa3sue notpedasseMbIx pacteHui [36; 39]. MukpoOHOe coo0IIecTBO pyoIia y OBEIl MEHSIETCS U C BO3-
pacTom: y THOGTCKHX SITHSIT Ha MPOTSHKSHUH TIEPBOTO ToJIa XU3HU 015 punyma Bacteroidetes Bo3poc-
1a ot 18,9 o 53,9 %, a monsa Proteobacteria can3unace ¢ 40,8 10 5,9 %. OCHOBHBIE U3MCHEHUS B MU-
KpOOHOTE MPOUCXOAUIIN B pe3ylibTare M3MEHEHHs pallioHA MUTaHUs. bblia mokazaHa BakKHAsi pOJb
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MOJI03MBa B (JOPMHUPOBAHUU U MPEEMCTBEHHOCTH MHUKPOOHOr0 cO00IIecTBa pyOLa B TeUEHUE TIEPBOTO
rojia *U3HU — CIIOCOOHOCTH JIAKTOOAIIMIII 3HAYUTEIFHO PEryINpOBaTh MUKPOOHYIO CTPYKTYpY pyO-
na [35]. Tecnast B3aMMOCBSA3b MEX/1y MUKPOOHBIM COCTaBOM M €r0 METa0OIMTaMH, pa3inyHas moTpeo-
HOCTh B ITUTaHUH JIJIsl OBEIl Pa3HBIX BO3PACTOB ObLIA MMOKAa3aHa Ha MPUMEPE THOSTCKUX OBEIl: y THOCT-
CKHUX SATHSAT B Bo3pacte 1 Mec. copepxkanue Firmicutes u Tenericutes B pyOue Obl1o OoJblIe, 4eM y OBell
B BO3pacTe 6 Mec, y KOTOPBIX ObLIa BBIMIE A0Js Bacteroidetes u Spirochaetae. Mukpobmora pyoIa
ATHAT OblIa MEHee pazHooOpasHa. Eciau cTpykTypa MUKpOOHOTO coobiiecTBa pyOua, mpoduis Mera-
0oMHUTOB 3aBUCENH OT Bo3pacTa, koHneHTpanus JIDKK B pyOiie Opla OTHOCHTENBHO CTAOMILHOM [37].
OTH 3HAHUS UMEIOT BaXKHOE 3HAYCHUE JJIsl PEryJIUPOBaHUS TUTAHHUS U METa00JIM3Ma KUBOTHBIX, OIIO-
CPEIOBAHHOTO yYacTHEM MUKpoOrnoma pyora.

Koppekiuss MUKpoOHOTHI pyOlla OBELl C HCIOJBb30BAaHHEM KOPMOBBIX 100aBOK. s cozmaHus
B pyOlle ONTUMAIBHOW Cpenbl JIsi MUKPOOHOTHI M TIepeBapUBaHUsI KOPMOBBIX CYOCTpaTOB palfoHa
OPUMEHSIOT Pa3Hble KOPMOBBIE 100aBKH: SPrOTPONUKH, TPUOHBIEC KYJIBTYPbI, MOOU(PHUKATOPHI, AaHTHOK-
CHJIaHThI, hepMeHTHI 1 Ap. Tak, B paboTax pOCCHICKHUX HCCIIeA0BaTeNeH ObLIO OTMEYCHO MOJI0KHTEb-
HOE BJIMSIHUE TUTUAPOKBEPLETHHA, OPraHMYECKOro Ho/a, IIYHIUTa, COIUPYJIMHbI, MALIEJJIaTa KalbLUs
B COCTaBe OCHOBHOI'O pallOHA Ha COCTOsIHKE pyOIria pyOria oBer] pOMaHOBCKON IMMOPOABI U €r0 MHKPO-
duopy [40].

B nHacrosiiiee BpeMsi aKTUBHO CO3/aI0TCsl CHCIMAIM3UPOBAHHBIC U (PYHKIIMOHATBHBIE TPOILYKTHI
nUTaHus, o0oraleHHble OMOJIOTHYECKH aKTHBHBIMH BEIIECTBAMH aJalITOreHHON NPUpPOoIbl. MHOTHE 13
HUX TIO3UIUOHUPYIOTCS KAK CPEJICTBA, CIIOCOOHBIC TIOBBIIIATH CONTPOTUBISIEMOCTh OPTaHU3Ma BPEIIHBIM
(GU3NYECKUM U TOKCHYECKHM (aKTOpaM OKpY’Karomleil cpeibl,.a TakKe MPOSBISATH UMMYHOMOMYIIH-
PYIOLIYIO M TPOTHBOMHUKPOOHYIO aKTHBHOCTD. BHOTOTHYECKH aKTHBHBIC BEIIECTBA HOBOT'O TIOKOJICHHUS
XapaKTepHU3yIOTCs HOBBIMH CBOMCTBAMHU: aHTHOKCUIAAHTHOM aKTUBHOCTBIO, TPOTHBOBOCIIAIUTEIIbHBIM
JeiCTBUEM, aHTUMYTareHHBIM JICHCTBUEM (CTAOMITM3AI[Msl TCHOMA XO035MHA M €r0 MUKpOOHOMa), TOJI0-
JKUTEJIbHBIM BIMSIHUEM Ha IIcuxudeckoe coctosinue upausua [10]. Ilocnennue B OCHOBHOM BKJIIOYAIOT
HEKOTOpBIE TPOOMOTHKH, B TOM YHCJIE ICUXOOMOTHUKH, U afanToreHbl. OpraHudecKue CONH JINTHUS SB-
JSIOTCS Al TOICHAMHU, a BEIPAXKCHHBIE aHTHOKCHJAHTHbIC, aHKCUOJTUTHUECKUE U HEHPOIPOTEKTOPHBIC
3¢ deKTh ackopOara TUTUSI MOTYT OKa3bIBaTh TOJOKUTEIBHOE BIUSHUE HA MUKPOOHOTY KHUIICYHHKA,
0COOEHHO B yCIIOBUSX cTpecca [41].

Memoowt uzyuenun mukpoouomst. B oTnune OT KJIACCHUECKUX METOAOB M3yHEHUS MUKDPOOpP-
TraHU3MOB (MHUKPOCKOINHS, KyJIbTUBUPOBAHNE HA NMHUTATENbHBIX Cpelax, OMOXMMHYECKHE) COBPEMEH-
HbIE METOJbI MOJieKylspHo-reHeTHueckoro ananusa (T-RFLP (terminal restriction fragment length
polymorphism) 1 NGS (CeKBeHHPOBAHHE CIIETYIOMIETO MTOKOJICHHS) MO3BOIAIOT 0€3 CTauu KyJIbTHBHU-
poBaHus n3y4duTh npakruuecku 100. % nonynsunn MO u monyduTh MOMHBIA npoduias Ouomormye-
CKOro pa3HooOpasus. OCHOBHBEIM OOBEKTOM METareHOMHBIX HcclenoBaHuil siusercs red 16S pPHK,
kopupytomuii 16S pudocomuyto PHK — mapkep mis unentudukannn MUKpoOpranu3MoB [42], mpucyT-
CTBYIOIINI B TEHOME BCEX M3BECTHHIX OAaKTepU M apXeil, HO He Y BUPYCOB U 3yKapHOT. DTOT I'eH UMe-
€T KaK KOHCEpBaTHBHbIE MOCIENOBATEIBLHOCTH, OJMHAKOBBIC Yy BCEX MPOKAPUOT, TaK U BUIOCTICH(rY-
HBIE, CTEHEHb CXOJACTBA KOTOPBIX OTPa’KaeT 3BOJIIOLMOHHOE POICTBO pa3HbIX BUAOB. HykineoTunHsle
nocienoBarenbHocTH TeHa 16S pPHK Bcex M3BecTHBIX B HacTosiee Bpemsi OaKTepHii U apxei Haxo-
JSTCSL B OTKPBITOM jgoctyIie. OKa3anoch, YTO MyTeM KyJIbTHBUPOBAHUS Ha CPelax MOKHO ONPENEIUTh
munib 7-10 % cocraBa MUKPOOHOTHI KHMINIEYHHMKA, Iyie oouTaet Oosiee Thicsuu BugpoB MO, 99 % u3 ko-
TOPBIX SIBISIOTCSA aHa’po0aMH, U UX COCTaB UMEET CUIIbHOE HECOOTBETCTBUE C JaHHBIMU, IOJIYyYCH-
HBIMHU TpaJuuuOHHbIME MeTonaMu [43]. [Ipumenenue nepenoBeix TexHonoruii NGS (next generation
sequencing — ¢EKBEHUPOBAHNUS CIEAYIOLIEI0 MOKOJICHMST) U151 METAar€HOMHOT'O aHaJIN3a C COOTBETCTBY-
IOIIMM [IPOrPaMMHBIM 0OeCIiedeHUEeM MOIIHO MPOABHHYIJIO BIIEPEA U3yUYEeHHE COocTaBa M (DYyHKIMOHU-
poBaHHs MUKpoOnoma [44]. DTOT MeTOA CEKBEHHPOBAHUS CTaJl MPUBJICKATEIHLHBIM MTOIXOI0OM H IS
BBLABJICHHS TATOreHHBIX MO,

MonekynsipHO-TeHETHUECKUE UCCIIeIOBAHUS B OTIMYHE OT TPAJAULMOHHBIX IOCEBOB HA MUTATEIb-
HBIE CPEbl JaIOT BO3MOKHOCTD BBISIBJISITH CTATUCTUYECKH 3HAYMMBIC PA3JIMYUS B COCTaBE MUKPOOHO-

'Gu W., Miller S., Chiu C. Y. Clinical metagenomic next-generation sequencing for pathogen detection / Annu. Rev. of
Pathology. 2019. Vol. 14. P. 319-338.
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Ma pyOLa XKBayHBIX Pa3HOTO BO3PAcTa, YPOBHS MPOAYKTHBHOCTH M 310pOBbs. llonydeHHble naHHbBIE
BIIEPBBIC B MUPOBOI MPAKTHUKE MO3BOJIUIN OMPEISIUTh IPAHUIIBI HOPMAIBHOTO COICPKaHUS B PyOIle
MHKPOOPTaHU3MOB — TIPEICTABUTENCH TIOJIE3HOH, HeXENATEIBbHON U yCIOBHO-TTATOTEHHOW MUKPOOHO-
THl — B COOTBETCTBHH C BO3PAacTOM U (PU3HUOJOTUIECKUM COCTOSTHUEM JKHBOTHOTO. B X03sfHCTBax 3TH
HOPMBI CETOJTHS ITHPOKO BOCTpeGOBaHbl. WX IIPHMEHSIOT ISl OLEHKH COCTOSHUS MHKPoGHOMa pyoiia’.

Lens paboThl — M3yUYCHUE BIUSHUS aJanTOreHa ackopOara TUTHS Ha MUKPOOHOTY pyOIia OBEII-SIPOK.

Marepuajibl H METOAbI HCCAEA0BAHMI. DKCIICPUMEHT MTPOBOMIIM HA OBIIAX POMAHOBCKOI MOpO-
nel B Bo3pacte 18—24 mec Ha 6a3e BuBapusi BHUN®bull xuBotabix B 2020 1. [lo mprHIUTY TapHBIX
aHaJIOroB OBLITH c(hOPMUPOBAHBI JBE IPYIIIILI JKUBOTHBIX (OMBITHAS M KOHTPOJIbHAS TPYIITIBI), TIO 8 TOJ.
B KaX<10i1. Bce ONMbITHBIE )KUBOTHBIE COACPIKAIUCH B OJHOM ToMelleHnd. KopMmiieHue ocyiecTBIsIHn
0 TEXHOJIOTUYECKON cXeMe BUBApHsl ¢ JOOAaBIEHUEM M3y4aeMOro mpernapara B.COOTBETCTBYIOIIEH J10-
3UPOBKE K MOJIy4aeMOMy paluoHy. JKHuBOTHBIE HAXOAMINCH HA OCHOBHOM panuone 11 osen (OP, rpa-
HyJIMpoBaHHBIH KoMOukopMm «KomOukopm miist ko3 u oery KK-85 (MPC)y): konuentpat — 500 r, ceno
pasHoTpaBHoe — 1,5 k. Bosia Oblita B CBOOOTHOM JOCTYTIE.

Ackxop0art nuTHs ObI CHHTE3UPOBAH B Ja00paTOpUy WMMYHOOHOTEXHOJIOTHH U MHUKPOOHOIOTHH
Bcepoccniickoro Hay4HO-HCCIIEI0BATEIFCKOTO HHCTHTYTA (PU3HONIOTHH, OMOXMMHUU M TTUTAHUS CEb-
CKOXO3STICTBEHHBIX KMUBOTHBIX. Colep)kaHre MUKPOIJIEMEHTa JTUTHS B COCTaBe AUTHApATa ackopbara
autus coctaBisio 3,18 %. OpraHudecKyro COJIb JTUTHS BBOAWIN B/OCHOBHOHM paIlioH HAYMHAS C Mep-
BOTO JIHSI KCCIIEAIOBAHUS B I03UPOBKe 10 MI/KT )KHBOH Macchl. [IpOAOIKUTENBHOCTD IKCIIEPUMEHTA CO-
craBmia 60 nHei. B3sTre pyOLOBOTO CONEPKUMOTO TTPOBOAMIIN OTKAYUBAHUEM Yepe3 POTOTTIOTOYHBIH
30H1 B K0NOy ByH3eHa ¢ momoribpto BakyyMHoro Hacoca KomoBekoro. s ynaneHus HernepeBapeHHbIX
OCTaTKOB KOpMa COACP)KMUMOE OT(QUIBTPOBBIBATIN Yepe3 HECKOIBKO CII0EB Mapiu.

Toraneayto 6aktepuansayto JHK 13 nccnenyeMbix 00pas3uoB BbIACISUIIM C HCIONb30BaHUEM Habo-
pa “Genomic DNA Purification Kit” (Fermentas, Inc, Jlutsa). /{15 npoBeneHns MoJIeKyIsIpHO-TeHETHU-
YEeCKUX UCCIIEIOBAHU TOUHYIO KOHIIEHTpaIuto BeiaesienHon JIHK onpenensnu ¢ momompto guryopume-
tpa Qubit (Invitrogen, Inc., CIIIA) ¢ ucrions3oBanneM HabopoB “Quant-iT dsDNA Broad-Range Assay
Kit” (Invitrogen, Inc., CHIA). AMIIuduKaInio IS nociaeayomero npoeacHust NGS-cekBeHUpOBaHUS
ocymecTBiIsnn ¢ ucnonb3oBanueM JHK-ammmmdukaropa Verity (Life Technologies, Inc., CIIA)
¢ momotbio 3ybaxkTepruanbHbix mpaimMepos (IDT), 343F (5-CTCCTACGGRRSGCAGCAG-3’) u 806R
(5-GGACTACNVGGGTWTCTAAT-3’), duiankupyromux BapuadenbHbiii yuactok V1V3 rena 16S pPHK.
MerareHoMHOe cekBeHHpoBaHHe ObII0, ocymecTBieHo B OO0 «buorpod» Ha TreHOMHOM CekBe-
natope MiSeq (Illumina, Inc., CLUA) ¢ nabopom “MiSeq Reagent Kit v3” (Illumina, Inc., CLIA).
TakcoOHOMUYECKYIO TPUHAJICKHOCTh MUKPOOPTraHU3MOB JI0 pOJia ONPENeNsuId C IOMOIIBIO ITPOTrpam-
Mbl RDP Classifier.

Lemmrono30IuTHYECKY 0 aKTUBHOCTh COIEPIKMMOr0 pyOIla onpenessiin no mMetony Jlonrosa, oc-
HOBaHHOMY Ha M3MEPEHUH Pa3HUIIBI B BECE LEJLIIONIO3BI J0 U MOCIe €€ MHKYOaIuu B MOAH(pUIIHPOBaH-
HO# cpenie Yropaiuca ¢ cogep>KMMbIM pyOria. J{is momcuera kommdecTBa HHPY30pHid conepkuMoe pyo-
1a cpasy mnocie orbopa puIbTpOBATH Yepe3 ABa oS Mapiu, (GUKCHPOBAIH W OKparruBaiu 4%-HbIM
BOJIHBIM PacTBOPOM (popMasibieTHia C METHUIIOBBIM 3€JIEHBIM B COOTHOIIeHNH 1:5. PacueT nmpoBoamim
B cueTHOU Kamepe LopsieBa nmoj MHKpOCKOHOM4.

PesyabraTel W ux odcyxaenue. TakcoHOMUYecKas MepapXxusi MHUKPOOPraHM3MOB pyOlia OBell,
OocHOBaHHasi Ha pe3yibratax NGS cexkBeHUpOBaHUS, MPEACTABICHA CICAYIONUMHU PE3yIbTaTaMH.
OCHOBHBIMU QOHapY>KEHHBIMH JIOMEHAMU SBISUIUCH Bacteria (0aktepun) (95,66+0,52 % ot oliiero
yucna MO) m.Archaea (apxedaxtepun) (0,184+0,05 %). Muxpobuora pyoOua oBer Oblja MpeacTaBlieHa
37 dunymamu (tumnamu) Gaktepuil, u3 HuX § — ¢ gosieit 6onee 1 % oT 0OIIEro YKCIa MEKPOOPTaHU3-
MoB. lomunnpyromumu punymamu Osutn Bacteroidetes (53—60 %) u Firmicutes (24-29 %) (puc. 1, A).
Outym Bacteroidetes Obln TIpenCcTaBleH B OCHOBHOM KilaccoM Bacteroidia (oxono 55 % ot oOmiero

2 Hopwmbl conepkanust MEKpOGIOpEl B pyOlie KPyImHOro poratoro ckora: Metoj. pekomeHaanuu / OO0 «BUOTPODy;
noxarort.: I. YO. Jlarrres [n np.]. CI16.: BUOTPO®, 2014. 32 c.

? Classifier — Start [Electronic resource]. Mode of access: https:/rdp.cme.msu.edu/classifier/classifier jsp.

* Tapakanos B. B. MeToms! nccienoBanus MEKPOGIOPE! MHIIEBAPHTEILHONO TPAKTA CENbCKOXO3IHCTBEHHBIX KHBOT-
HBIX ¥ iTanbl. M.: Hayd. mup, 2006. 187 c.
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Puc. 1. OcHoBHbIe huryMBI (A4) 1 Knaccsl (B) MEKPOOHOTH! pyOna oBell, % ComepKaHus OT 00IIero KOINIecTBa
MHKpoopranu3MoB. [lokazansr nepseie 11 caMbIX KPYIHBIX U3 00HAPY)KEHHBIX (PHIYMOB U KJIaCCOB

Fig. 1. The main phylums (4) and classes (B) of the sheep rumen microbiota, % of the total count of microorganisms.
The first 10 largest of the detected phylums and classes are shown

kosmmuectBa MO). MukpoopranusMel punyma Firmicutes B pyOiie oBer] ObLIH MPEACTaBICHBI MTPEUMY-
mectBeHHo Kiaccamu Clostridia (okono 20 %), Bacilli (1 %) (puc.1, B). Bcero B cogepxumMoM pyOIia
oBell ObLI0 00HapyskeHo 76 kiaccoB OakTepuii (10 U3 Hux ¢ moselt Boime 1 %), 98 mopsAKoB OaKTepHit
(7 nopsinkoB — ¢ noneit 6onee 1%, rnaBHbIe U3 KOTOpIX — Bacteroidales — 55 % n Clostridiales — 1o
20 %), napeHTuduIupoBaHo 225 ceMeiicTB MUKPOOpPraHu3MoB. B 1enom Oblio onpeneneHo 894 Buaa
MHUKPOOPraHU3MOB, OOJIBITUHCTBO U3 KOTOPBIX — HEKYJIETUBUPYEMBI.

Henmrono3oauTHiecKne 0aKkTepuu, pacieIUISIONINE KIETYaTKy PacCTHUTEIbHBIX KOPMOB 10 JIETY-
YUX JKUPHBIX KHUCJIOT, SBJISIIOTCS JOMHUHUPYIOIUMH OAKTEpPHSAMHU pyOlla MEIKUX U KPYIHBIX JKBad-
HBIX )KUBOTHBIX. OOIIasi A0S HEIUTFOI030JUTHYECKUX OAKTEPHi B TOTAIBHON PyOIIOBO MUKpPOOHOTE
y OBell KOHTPOJILHOM M ONBITHON IpyI ObL1a Beicokor — 73,6 u 75,4 % coorBeTcTBEHHO. B comeprxu-
MOM pyOIla M3y4eHHBIX OBEIl OHU ObLIH MPEACTaBIEHBI OaKkTepusiMu ceM. Ruminococcaceae (11-12 %),
Lachnospiraceae, - Clostridiaceae, Eubacteriaceae, Thermoanaerobacteraceae dbunyma Firmicutes,
Prevotellaceae (32-37 %) n Flavobacteriaceae dunyma Bacteroidetes (tadn. 1). Kpome Toro, HOp-
MaJbHass MUKpPOQIIopa pyOI[OBOr0 COAEPKMUMOTO OBEI ObLIa MPE/CTAaBIICHA JTaKTaT-y THIU3UPYIOIIMMH
(JIXKK-cunresupyromumu) oakrepusimu (Veillonellaceae), pepMeHTUPYIOIIUMH MOJIOYHY O KUCIIOTY JI0
JETYYUX JKAPHBIX KUCIIOT, UCIOIB3YEMBIMH OpPraHU3MOM B MeTabolndeckux mpoueccax. Mx comep-
JKaHHe B pyOlle y OBel KOHTPOJBHOW M OMBITHOM I'pyHmbl cocTaBuio 2,7 u 2,3 % COOTBETCTBEHHO.
Ionesnbie oudumodakTepun (Bifidobacteriales) B mpobax pyOIIOBOTO CONEPKUMOTO OBEI[ OTCYTCTBO-
Banu y 43 % wuccienoBaHHbIX pod, B ocTaibHbIX — 10 0,005 %. Cymmapnas gosist 6anuiun B mpodax
PyOIIOBOTO COIEPIKMMOTO OBEIl OMBITHON TPYIIIBl ObLIIa JJOCTOBEPHO BBIIE, YeM Y OBEIl KOHTPOIIBHOM
rpynnsl (0,52 % npotus 0,31 %).
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Ta6nuna 1. Copep:kanue 6akTepunii HOpMO(IOPHI B py6ie OBell KOHTPOJIBHOI H ONBITHOM TPy,
% oT 0011ero koinyecTBa dakTepuii. OnbIT NposesneH Ha 6a3e puBapuss BHUN®Bull :kusotHbIX, 2020 1.

Table 1. Count of normoflora bacteria in the rumen of sheep of the control and experimental groups,
% of the total number of bacteria. The experiment was carried out on the basis of the VNIIFBiP
animal vivarium, 2020

But 6akrepun | KouTtpons (n=4) | LiAsc (n=4)
Lennronozonumuueckue bakxmepuu
Bacteroidetes 55,63 £2.,02 57,69 + 1,89
Ruminococcaceae 11,96 +£ 0,72 11,89 £+ 1,25
Lachnospiraceae 4,37+0,27 3,86 +0,19
Clostridiaceae 1,22 £ 0,06 0,95+ 0,18
FEubacteriaceae 0,42 + 0,02 0,98 £ 0,16
Peptostreptococcaceae 0,02 £ 0,00 0,04 + 0,02
Thermoanaerobacterales 0,02 + 0,01 0,01 +£0,00
CyMMa [EeJUTFJIO30JIUTHKOB 73,64 £ 1,62 75,42 + 0,94
Jlakmam-ymuauzupyrowue baxmepuu
Veillonellaceae | 2,67 0,15 | 2,29 £0,53
Apyeue
Bifidobacteriales 0,002 + 0,002 0,005 + 0,007
Cymma Garuiin 0,31 £ 0,02 0,52 + 0,04

Henmronozonutrueckas aktuBHOCTH (L{A) conepskumoro pyOna; onpenenennas metoaom Jlonrosa,
ObLTa 3HAYMTEIBHO BBIIIE y OBEL, MOJYUYaBIIMX C KOPMOM acKopOat JUTHUS, YEM Yy OBEll KOHTPOIbHON
rpynnsl (Tabm. 1), 4To moaTBepKAaeTCS U JaHHBIMU cekBeHupoBaHus NGS.

3HaunTeNbHAS POJb B MpoLeccax TPaHCPOPMAUU MUTATEeIbHBIX BEIIECTB PACTUTENBHOIO MPOUC-
XOKJCHHS B pyOlle KBAauHBIX NPUHAAJICKUT NPOCTCHUINM, NPEACTABICHHBIM B pyOIe HHPY30pHIMHU.
KonnuecTBo nH(py30puii B pyOlie KPyITHOIO pOraToro.CKoTa COCTaBIIsIeT 10°-10° B 1 mn pyOIIOBOM KU /I-
KOCTH, TOT'JIa KaK Y JOMAITHUX OBELl OHO XapaKTePU3YETCsl JOBOIBHO OCIHBIM BHIOBBIM COCTABOM U HU3-
KHM KOJIN4eCTBOM BUJOB. C MOBBIILIEHHEM KOJIMYECTBA HH(Y30pUil OTMEUAeTCsl CHUKEHHE aKTUBHOCTH
LEJITIONO30IUTHUECKUX OaKTepHil, 1 HA00OPOT, YMEHbIIEeHHEe UHPY30pHil CIOCOOCTBYET HapaCTaHHIO
LIA Gaxtepwuii [31]. Takast xe 3aKOHOMEPHOCTD OblJla OTMEUYEHA U B HAIIEM DKCIIEPUMEHTE: IIPU yMEHb-
LIEHUH KoJindecTBa MH(Y30pUii B pyOLIOBOM COAEP’KUMOM ONBITHBIX OBELl OTHOCUTENILHO 3TOTO MOKa3a-
TeJsl Yy )KUBOTHBIX KOHTPOJIBHOW rpynibl Ha 6onee uem Ha 30 % LIA pyOroBoro conep>kuMoro y oBell,
MOTPEeOIABIINX aCKOPOAT TUTHS ¢ KOPMOM, COOTBETCTBEHHO, YBeIUUMBasIach Ha 38 % (Tabum. 2).

Tabnuna 2. Hean10/10301UTHYECKAS AKTHBHOCTD PyOLIOBOI0 COIEP:KMMOT0 OBell HA ()0OHe MPUMEeHEeHHU s
ackopo6ara sutust (M+m). OnpiT npoBeieH Ha 6a3e BuBapusi BHUU®bull :kuBoTHbIx, 2020 1.

Table 2. Cellulolytic activity of sheep rumen content on the background of lithium ascorbate application (M+m).
The experiment was carried out on the basis of the VNIIFBiP animal vivarium, 2020

BapuanT oneita | Llenmono3onuTHueckas aKTUBHOCTD, % | O6mee kommuecTBo HH(y30pHit X101
o uccredosanus
KouTtpous (1=8) 11,9+£0,7 142,4£42
LiAsc (n=8) 11,5412 1472+7,6
Yepes 60 cym
Kontpous (n=8) 11,8 +0,5 152,6 £3,5
LiAsc (n=8) 16,3 + 1,5% 97,1 +2.7%

*P < 0,05 1o t-KpUTEepHIO IPU CPABHEHUH C KOHTPOJICM.

Bbicokast 107151 LIEUTIONIO30JINTHYECKIX OaKTepHril B pyOLIOBOM COAECPKMMOM OOEHX TPYIIN CBHJIC-
TENbCTIBYET O AOCTATOYHO BHICOKOM YPOBHE COZIEpKaHHS KUBOTHBIX. Tem He MeHee pocT LIA y oBen
OMBITHOM T'PYTIBI MOKHO OOBSICHUTH TIOBBIIICHUEM CTPECC-PE3UCTEHTHOCTH OPTaHWU3Ma B LIEJIOM TI0JT
JEeHCTBHEM MOHOB JINTHS: TOBBIIIEHHE UMMYHOJIOTHYECKOT0 CTaTyca IMO3BOJIsIET CHU3UTh YPOBEHb Ma-
TOTE€HHBIX U YCIOBHO-NaToreHHbIX MO.

VYBenuueHue 10Jel HEXeIaTeNbHOW, YCIOBHO-NIATOICHHOW M NMAaTOT€HHOW MHKPOQUIOPHI B CHM-
OMOHTHOM cooOIecTBe pyOlla HANpsMYy B3aUMOCBSI3aHO CO CHM)KEHHEM YPOBHS IPONYKTHBHOCTH
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U COCTOSIHHEM 3JI0pOBbs )KUBOTHEIX [45]. JlakToOakTepuu, hepMEHTHPYIOIINE MOHOCAaXapa JI0 MOJIOY-
HOMW KHUCIIOTBI, OTHOCSTCS K HEXENaTeIbHOU MUKpOQIIope pyOIia: B pe3ysbrare HX H30bITOUHOTO COMIep-
sanust (Beime 1 % [T KOPOB B MEPHOJ CYXOCTOS)’ MPOMCXOAUT 3HAYHTEIbHOE HOHMKeHHe pH pyoiio-
BOM JKUJIKOCTH, YTO HETaTHBHO CKa3bIBaeTCS HA (JEPMEHTATUBHOW aKTUBHOCTH IISIIITIOJI030IMTHICCKIX
oaxrepuii. Coneprxkanne Lactobacillales B pyOtie oBeIl ONBITHON TPYNITBI OBIIIO HUIKE, YEM Y KUBOTHBIX
KOHTpoNbHOH rpynnsl. CeMm. Enterobacteriaceae kpome HOpMaJIbHOM MUKPOQIOPHI BKIIOUAET B ceOs
Y MIATOTEHOB: IITUTEILIbI, CAJIBMOHEIIIBI U HEKOTOPBIC BHJIBI AIIEPUXHI, MHOTHE U3 KOTOPBIX MOTYT SIB-
TAThCA BO3OYIMTEISIMHA TaCTPOSHTEPHUTOB. B MCCie0BaHHBIX TPpoOax dHTEpoOaKTepuil ObLIO HE3Ha-
YUTEIBHOE KOJIMYECTBO, MPUYEM Y OBELl ONBITHOW I'PyNIbl — B JIBA pa3a MEHbIe, 4YeM B.pyOle oBell
KOHTPOJIBHOU TPYNIbL. Actinomycetales — HexenareabHble MUKPOOPTaHU3MBI pyOIa, KOTOPbIE MOTYT
SBJISITHCS BO30YIUTEIISIMH aKTHHOMHKO30B. 1IX cymMMapHast 1011 B 00pasiax pyOIroBoro coaepxiumMoro
JKUBOTHBIX 00€UX TPy OblIa HE3HAYUTENbHOH (Tab. 3).

Tabnuma 3. ConepxaHue «HexKeJaTeIbHONH» U YCIOBHO-NIATOreHHOI MUKPO(dI0pbI B pyoue oBew, %o.
OnbIT npoBesieH Ha 0a3e BuBapuss BHUN®bull :kuBoTHBIX, 2020 T.

Table 3. Content of “undesirable” and conditionally pathogenic microflora in sheep rumen, %.
The experiment was carried out on the basis of the VNIIFBiP animal vivarium, 2020

Buj Mukpoopranuszma KonTpons (n=4) | LiAsc (n=4)
Lactobacillales 0,57 +0,09 0,42 +0,26
Enterobacteriaceae 0,04 + 0,02 0,02 +0,003 *
Actinomycetales 0,08 0,01 0,08 +£0,03

VY KJIMHUYECKH 3[I0POBBIX KUBOTHBIX B pyOlle MOMUMO HMPEACTaBUTENC HOPMaIbHOW MHUKPOMIOPHI
B HEOOJBIINX KOJMYECTBAX BBISBIISIFOTCS BO3OYAMTENH Pa3INYHBIX 3a0oseBaHuil. B oOpasmax pyOIoBo-
TO COMEP)KMMOTO OBEIl KOHTPOJIBHOM M OIBITHOW TpymIl ObUTO 0OHApy>keHo Ooiee 50 BUIOB MATOTEHHBIX
MHUKPOOPTraHU3MOB. JIOMMHMPOBAIM TPU TPYIIIbI IATONEHOB: MUKOIUIA3MBI, TPEMIOHEMBI U CTPENTOKOKKH
(Tabm. 4), 1oJst KOTOPBIX, TEM HE MEHEe, ObLIa HEBBICOKOW. B He3HAUNTENFHBIX KOTMYECTBaX ObLITH 00HAPY-
JKEeHBI MOPAKCEJUTBI, TICEBIOMOHA/IBI, CTA(MIIOKOKKH, CYKIIMHUBUOPHO, IPU3UTIETIOTPUKCHI M XOIbIEMaHNH.

Tabnuna 4. ConepskaHue NATOreHHbIX MHKPOOPTraHU3MOB B pyOlie 0Bell KOHTPOJIBHOM 1 ONBITHBIX rpyni, %.
OnbIT npoBeneH Ha 0a3e BuBapuss BHUU®bull xuBorHbIx, 2020 r.

Table 4. Count of pathogenic microorganismsin the rumen of sheep of the control and experimental groups, %.
The experiment was carried out on the basis of the VNIIFBiP animal vivarium, 2020

Buy narorena | KonTpoinb | LiAsc
Muronnazmol
Anaeroplasma bactoclasticum 0,81+0,03 0,16+0,03
Anaeroplasma sp. 0,12+0,01 0,11£0,04
[Ipoune 0,13£0,01 0,07+0,02
CyMMa MUKOILIa3MOB 1,06+0,03 0,34+0,03*
Tpenonemvl
Treponema sp. 0,60+0,02 0,33+0,05
Trep. isoptericolens 0,16+0,12 0,03+0,02
Treponema parvum 0,14+0,04 0,06+0,03
Treponema bryantii 0,09+0,03 0,12+0,01
[Ipoune 0,15+0,02 0,15+0,01
CyMMa TpernoHemM 1,14+0,04 0,69+0,03*
Cmpenmokokku
Strept. acidominimus 0,06+ 0,01 0,06+0,05
Streptococcus sp. 0,05+0,01 0,03+0,01
[Tpoune 0,38+0,14 0,45+0,12
Bcero 2,65+0,36 1,58+0,35*
*P <0,05.

> CoBpeMeHHbIE CIOCOOBI YTy UMICHHUS 310POBbI U POCTA POLYKTHBHOCTH KBAUHBIX KHBOTHBIX / B. H. Pomanos [u ap.].
Hy6posunsr: ®I'BHY OHL] BMXK uwm. JI. K. DpHcTa. 2019. 128 c.
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OO0miee cojepkaHUe YCIOBHO-TIATOTCHHONW W MATOTEHHOW MUKPOMIOPHI OBLIIO HE3HAYUTEITHHBIM
B pyOlle Y JKUBOTHBIX 00eux rpymi. OnHaKo MO CPaBHEHUIO ¢ KOHTPOJIIBHOW IPYIIONH CyMMapHOe CO-
JIepyKaHUE MMaTOT€HOB y )KMUBOTHBIX OMBITHOW T'PYMITEI ObLI0 focToBepHO HIKE (1,58 % mpoTtus 2,65 %),
YTO CBUJICTEIBCTBYET O MOJIOKUTEIHLHOM BIUSHUH ackopOaTa JIMTUS Ha KaYeCTBECHHBIN COCTaB MUKPO-
OHMOTHI.

BbiBoabl. B HacrosimeM wccienoBaHWM TpH HConb3oBaHM NGS BrepBble M3Y4YeHO. BIWSHHUE
aJlanToreHa ackopOara JTUTHs Ha OaKkTepraibHOE COOOIIeCTBO pyOIia OBEI-IPOK POMAaHOBCKOH ITOPOJIBI.
Bcero 6bu10 BhIsIBIICHO 37 dunymoB, 76 kinaccoB, 98 nopsakos, 225 cemeiicTB u 894 Buga MUKPOOP-
TaHU3MOB. YCTAaHOBJICHO, UTO BBEICHUE ackopOarta JUTHs B mo3¢ 10 MI/KT )KHBOW MacCBl B OCHOBHOM
paIMoH OBell CIIOCOOCTBOBAJIO YBEIUYCHHUIO JIOJIHU IEJLIOIO30JUTHYECKUX OakTepuil oT 73,6+1,6 1o
75,440,9 % u cHUKCHUIO OOIIEro KOIMYeCcTBa HHPY30pHil B copepkuMoM pyOua Gosnee yem Ha 40 %.
Hemrrono3onuTruyeckass akKTHBHOCTD PYyOIIOBOH KHMKOCTH OBEIl ONBITHOW T'PYINBI YBEIWYMIIACh Ha
38 % 1o cpaBHEHUIO C KUBOTHBIMH KOHTPOJBHOH Ipynnbl. KoinyecTBo maTOreHHbIX OaKTEpUil CHU-
asock oT 2,7 % y oBell KOHTPOJIbHOW Ipymibl 10 1,6 % y )KMBOTHBIX OMBITHOM T'PyTIIBI, IPU 3TOM CO-
JepKaHue MOJIe3HbIX Oarut yBennduioch ot 0,3 10 0,5 % coOTBETCTBEHHO. Y OBEIl OITBITHON TPYTIIIBI
CHU3HUJIIOCH COZIEpKaHHe HEeXKeIaTelIbHOW M YCIIOBHO-TIATOTeHHOW MUKPO(DIops!. [lomydeHHbIe TaHHBIC
MOATBEPKAAIOT TIOJIOKUTEIBHOE BIMSIHUE a1allTOTeHa acKopOaTa JIMTH s, BBEIICHHOTO B PAallMOH B JI03H-
poBke 10 MT/KT )KHBOM MaccChl, HA KAUeCTBEHHBIN M KOJTUUYSCTBECHHBIN COCTaB MUKPOOHOTHI pyOIla OBEII.

Bnaronapuoctu. Pabora BeimonmHeHa B pamkax locymapcrBenHoro 3amanust ®I'BHY «Dene-
palbHBIA UCCIENOBATENBCKUM HEHTP >KuBOTHOBOACTBa — BUXK nMm. akamemuka JL.K. DprcTay (Tema
AAAA-A18-118021590136-7).
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