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AHHOTALUSA

B crathe mNpHUBOIATCS CBEAEHHS O BIMSHAW palMoOHa C JJ00aBICHHEM CEMsH JibHA Ha
HPOYKTHBHOCTH OBIYKOB Ka3aXCKOM OEJIOr0JI0BOI MOPO/Ibl M BRIPAOOTKY MMHU MeTaHa. BeipaboTka MeTaHa
3aBUCHT OT KOHIICHTpAIUK apXxeil B MHKPOOHMOME KEIyIOYHO-KUIIEYHOTO TpakKTa >KUBOTHBIX. B
pe3ysbTaTe MPOBEICHHBIX MCCICIOBAHUI YCTAHOBIICHO, YTO BBEJCHHE CEMsIH JIbHA B PAllMOHBI OBIYKOB
CIOCOOCTBYET MPUBECAM U YBEIIMUCHHUIO BBIPAaOOTKU MeTaHa. Tak, aOCOTIOTHBIN MPUPOCT KUBOIM MAcChl B
OTBITHOM Tpyte coctaBuwi 124,5+6,95 xr, B KoHTpoasHOUW Tpynmne — 105,33+2,16 kr. Mcmoss3oBadue
CEeMsH JIbHA TIPUBEJIO K YBEIUUCHUIO KOJTMYECTBA aHAIPOOHBIX OAKTEPHUil U apXei, TO €CTh K YBEIUUCHUIO
BBIPa0OTKH MeTaHa. Ha ypoBHE CeMENCTB CTATUCTHYECKH 3HAYMMAst BAPHAIlHsI YUCIECHHOCTH METAHOT'€HOB
Ha 3-M MecsIIe 110 CPABHEHHIO C )KUBOTHBIMH JI0 KOPMJICHHUSI CEMEHAMM JIbHA, HaYasla SKCIIEPUMEHTa, TOUKH
orcueta (TO), O6wsura momrBepkmena it  Methanocorpusculaceae (ysenmuuenune B 255 pas),
Methanomethylophilaceae (yBenmuenue B 13 pa3) u Mathanobacteriaceae (yBenuuenue B 6 pas).

KaroueBble ciioBa: MUKpOOWOM, KPYIHBINM pOraThlii CKOT, Ka3axckasi 0eJ0rooBas, CEeMeHa JIbHa,
CEKBEHUPOBAHKE HOBOTO MOKOJICHUSI.

CBblllle TIOJIOBUHBI METaHAa B aTMocdepe — pe3yibTaT Pa3BUTHUS CEITBCKOTO XO3SHCTBA,
MpeXJIe BCEro >XMBOTHOBOJACTBA. MeTaH oOpasyeTcs B KauecTBe MOOOYHOTO 3¢dekTa npu
MUIIEBAPUTENBHBIX TPOIIECCaX KPYMHOTO POraToro ckora. BeIOpOCHI MeTaHa >XUBOTHBIMU B
OKPYXKAIOIIYI0 Cpely CIOCOOCTBYIOT M3MEHEHHUIO KiuMmaTa. MeTaH MpUBOJIUT K MAPHUKOBOMY
3¢ deKTy: 0 CPaBHEHHIO C YTIIEKHCIBIM Ta30M OH CIIOCOOCH 3a/IepKUBATh OOJIBIIE TEIia, YeM
nuokcua yrieposa. XKemynouHble ra3bl B pe3yabTaTe HEMPABHJIBHOTO MUTAHUS U MULIEBApEHUs
KUBOTHBIX CTAHOBSTCS NMPOOJIEMOH CTpaH C pa3BUTHIM celbckuM Xo3siictBom. K 2030 romy
0’KUJAETCA YBEIIMUCHUE TEMIIEPATYPhI OKpYy»Karomieu cpenblt oT 1,5 no 2 °C.

Kazaxcran - crpaHa ¢ pa3BUTBIM >KUBOTHOBOJCTBOM, B KOTOPOH C KaXIbIM TOJIOM
YBEJIMYUBAETCS MOTosioBbe KpymHoro poraroro ckora (KPC), cooTBeTcTBEeHHO, BbIAENsAETCS
Oospiie MetaHa. [|J1sl yMEHBIIICHUST BHIOPOCOB METaHa HEOOXOJMMO MEHSTh ParlhoH KOpoB [1].
Uprety D.C. ¢ coaBT. 0TMEYAIOT, YTO COOTHOIICHNE KOHIICHTPATOB M I'Py0OTro KOpMa B parfioHe
BIIMSET Ha IMOKa3aTeId POCTa XKUBOTHOTO, OpokeHHEe B pyOlie, BHIOPOCH METaHa U 3J0POBBE
*uBOTHBIX [2]. Kak mpaBwio, korma [oisi TpyOoOro Kopma BBIIIE, Pa3MHOMXKAIOTCS
[EJUTIOJI030pa3pylIaIe O0akTepun U B pyOIle mpeolsagaeT YKCYCHOKHCIIOE OpOKEHHE ¢
BBIpaOOTKON BOJOpOJA, YTO CTUMYJIHPYET MAacCUBHOE pPa3MHOXKEHHE apXed. YBenuueHue
YHCIIEHHOCTH apXel BeJeT K YBEIMUEHUIO BEIOpOCca MeTaHa.

Opnako, Korja yBemU4HMBAaeTCs JOJsi KOHIICHTpaTa B paiyoHe, mokasarenu pH B pyoOie
CHUKAIOTCSI, YTO CHEP>KMBAET POCT apxell u MH(Y30pui, IpU 3TOM YBEIUUMBAETCS BbIPAaOOTKA
MPOMMOHOBON KHCIOTHL. Psii aBTOPOB yCTaHOBWJIM, YTO COCTaB OPraHUYECKOTO BEIIECTBA
(YrneBosoB) B pallMOHE KUBOTHBIX BIUSET Ha XapakTep U CKOPOCTh (pepMEHTAIMH, a TaKKe Ha
obpazoBanue HezaMeHUMBIX KUpHBIX kuciaoT (HXKK) u merana [3-5]. Paumons! ¢ kpaxmaaom
CTUMYJIMPYIOT MPOIYKIUIO MPOMHOHATA U CHIXKAIOT BEIPAOOTKY MeTaHa. Takue paroHbl BIUSIOT
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Ha pH py0O1na u o6pazoBanue Metana. PanioHs ¢ cofiep:kannueM rpyobIXx KOPMOB UMEIOT 0OpaTHOE
neiicTBre. BimsiHue cocTaBa paloHa Ha IMUCCHIO METaHa YCTaHOBWIIM U pyrue yuéubie [6, 7].
B Wuguu ycranoBneHO, 4TO [OMMITHHCKHE KOPOBHI MHUTAIOTCS KAYECTBEHHBIMU PALMOHAMH U
NpOAYLHMPYIOT B 6—7 pa3 MEHbIIIE ME€TaHa Ha | JI MOJIOKa, YEM MECTHBIE, YTO MO3BOJISIET CHU3UTh
samuccuio Mmetana Ha 20-30% 3a cuét nmorosioBbs [8]. Jpyrum crmoco60M CHHKECHUSI METaHOTCHE3a
B pyOlle MOKET OBITh HMHTHOMPOBAHKE 3a CUET 00pa30BaHUs albTEPHATHBHBIX MPOAYKTOB. Tak,
aIleTOTeHHBIE OaKTepHH B TOJICTOM KHIIEYHHKE MIICKOMHUTAIOIINUX MPOAYIUPYIOT YKCYCHYIO
kucyoty npu peaykiuu CO2 ¢ yaactuem Hp, oOpazyemoro B mporiecce hepMeHTaIMH YTIIEBOIOB
B ToyicToM kuineuHuke [9]. OOoraieHune parMoHa XUBOTHBIX XHPAMH BEAET K YMEHBIICHUIO
nH(py30puii B pyOlle U CHIDKCHHUIO METaHa, MPUYEM UCTOYHHUK KUpa BIUsIeT Ha 3 (HEKTUBHOCTH
ero aevicteus [10, 11, 12]. [TokazaHo MHrHOMpPOBAaHKE METAHOTCHE3a MPHU JOOABICHUH KUPOB
(HampuMep, ceMmsiH JbHa) K panuoHy [13]. Tlpu moOaBiaeHMM K KOpMY MpOOHMOTHKA W3 rpuda
Aspergillus oryzae ymenbinaercsi oOpa3oBaHue meraHa B pyOie Ha 50%, 4TO CBSA3aHO CO
CHIDKCHHEM KonmdecTBa WHQY30puii B pyOroBoM comaepkumoM (Ha 45%) [14]. Hobanenue
Saccharomyces cerevisiae in vitro B ”HKyOAIMOHHYIO CUCTEMY BEIET K COKPAIICHUIO METaHa Ha
10%, B TOo Bpems Kak nobaBiieHue IN ViVO — He BiusieT Ha Heé [15]. Pa3noxeHne pacTUTEIbHOM
KJIETYATKH MPOMCXOAUT B PE3yNbTaTe TUIPOJIN3a MOJIMCAXapUIOB HA MOHOMEpPHL. MOHOMEpPHI
(bepMeHTUPYIOTCA ~ allUIOT€HE30M, YTO TMPHUBOJUT K OOpa3oBaHMIO OPTaHUYECKUX U
KOPOTKOLIETIOYEYHBIX >KUPHBIX KHUCIOT. Takke obOpasyrorcs Bomopon (Hz2) u yrmekucnsiii ras
(CO2). Mertanorens! yaanstor Hz myrém Boccranosinerust CO2 ¢ o6pasoBanuem Metana [16, 17].
[ToaToMy moHMMaHKE MUKPOOHOTO COCTaBa JKETYJOYHO-KHIIIEYHOTO TPAKTa )KBAUYHBIX KHBOTHBIX
BaXHO JUIS OIICHKU CTENEHU BbIpaOOTKH MeTaHa. Pa3paboTka nueThl /Ui KPYIHOTO POraTtoro
CKOTa C IEbI0 CHIDKEHUSI IMHCCUH METaHa U €ro HEraTUBHOTO BO3JCWUCTBUS HA OKPYKAIOIIYIO
cpeny SIBISETCS aKTyallbHOW TJI00AIbHON SKOJIOTHYECKON TTPOOIEMOI.

MarepuaJbl 1 METO/bI

UccnenoBanus BiustHUS 100aBIEHUSI CEMSIH JIbHA B PAllMOH HA MUKPOOHOTY KEITYI0YHO-
kuteuHoro Tpakta (KKT) kopos mpoBoauucsk B k/x «Kynaeibaes Jaynerranmy, Kapatansckoro
paiiona, JKeTbICyckoi 00JIacTH, B HUCHBITATEIIBHOM IIEHTPE MO OMPEACICHUI0 XUMHUYECKOTO
coctaBa KopMoB u kadectBa npoaykiuu TOO «KasHUMXuK u B mabopatopun mMosieKyaspHO-
reneruueckux uccnenoBannii TOO «HIIL[ MukpoOuonorun u BuUpycoJorum». B kauecTse
00BEKTa UCCIICIOBAHMSI CITYKHJIH OBIYKH Ka3aXCKoW 0eIorosoBoi mopo bl B Bo3pacte 8—10 mec.
co cpeaHel HayanbHOM kuBOM Maccoit 180-210 kr u cpennecyrounsmM npupoctom 1100-1200 .
KopmoBas 6a3a Obuia mpeacTaBieHa CEHOM Pa3HOTPaBHBIM, CHIIOCOM KYKYpPY3HBIM, KYKYPY30H,
OTpyOsSIMU MIIEHUIHBIMU. XUMUYECKUI aHam3 KopMoB npoBoauiu coraacHo ['OCT 32040-2021
r. [yt u3yueHuss XUMUIECKOTO COCTaBa KOPMOB HCTIOJIb30Basics pudop Mudpazak pupmer FOSS
(Janus). JKuBOTHBIX coAep)Kadd Ha OTKPBITHIX IUIOMIAJKaX, Oe3 mpusssu. KopmieHue
OCYIIECTBIISIOCHh JBaXXIbl B CyTKH. llocie uW3ydeHHMs] XMMHUYECKOrO cOCTaBa KOPMOB U
(GbopMUPOBaHUS MOAOMBITHBIX TPYNI C y4ETOM >KMBOH MAacChl U CPEIHECYTOYHBIX MPUPOCTOB
KUBOTHBIX ObUIM pa3paOOTaHbl PAaLMOHBI JUIsl MOAOMBITHBIX rpynn. Ilpu co3manuu panuoHOB
OBUTM HCIOJIH30BAaHBI HOPMbBI KOPMJICHHS CENbCKOXO3SHCTBEHHBIX JKUBOTHBIX, pa3paboTaHHBIC
BI'HUN xuBotHOBOACTBa [18]. B Xome ombiTa OIMH pa3 B MECALl MPOBOJIMIICA YYET
OPOAYKTUBHOCTH J>KMBOTHBIX U TMOEAAEMOCTH KOpMOB. KoindecTBeHHBbIE [aHHBIE ObUIH
00paboTaHbl METOJAOM BapHUalMOHHOW cTaTucTuku [19]. B cooTBeTcTBUM CO cTaHAApTHBHIMU
3HAUEHUSMHU KPUTEPHS TOCTOBEPHOCTH (110 CTHIOJCHTY) IPUMEHSITUCH TPH YPOBHS BEPOSTHOCTH:
0,95; 0,99 u 0,999. I1pu P<0.95 paznuuust Mex1y TpyIIaMu CYUTAIUCh HE TOCTOBEPHBIMU. Eciun
YPOBEHBb BEPOSTHOCTH BHIIIE YKA3aHHBIX MMOKA3aTeseH, TO pa3Iuiusi CYUTAINCH JOCTOBEPHBIMHU C
ommoOkoi B 0,05; 0,01 1 0,001%.

HccnenoBanue MUKpoOHMOMa OBIYKOB IIPOBEICHO C MOMOIIBI0 16S METareHOMHOTO aHaIu3a
Ha cekBeHarope [llumina MiSeq o TexHooruu cekBeHupoBanus Hoporo mokoneHus (NGS). Jls
aHanu3a ObLIM 0TOOpaHbI 00pa3Ib! Gexanuit pektanbHo. OOpa3ibl ObLIH COOpaHbI Y TpEX ObIYKOB
JI0 KOpMJIEHHUS pariioHoM ¢ cemeHamu JibHa (T0), a 3aTemM B mepBbIid, BTOPON M TPETUI MECSIIBI
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nociie kopmiieHus. Kpome Toro, B OnbIT B Ka4eCTBE KOHTPOJISI OBUTH BKITFOYCHBI TPU KUBOTHBIX,
KOTOpBIM CEMEHa JibHa He aBajiu. OOpa3ibl ObUTH JOCTABJICHHI B TAOOPATOPHUIO B TEPMOUEMO/IaHE
¢ xnagosnemeHTamu u xpanwiuck npu -20 °C [20]. s Beigenenus JJHK Obuto B3sito 250 Mr
obpasnos dekammii. JIHK Beigensimm nabopom st Beiaenenns JJHK mukpobroma PureLink™
(Invitrogen, CIIIA) B cOOTBETCTBUU C MPOTOKOJIOM NMPOU3BOAUTENS. | eHeTHYeckne OMOINOTEeKH
JUTsl MeTareHoMHOro 16S cekBeHnpoBaHUs ObLIN MOATOTOBIEHBI B COOTBETCTBUU C PYKOBOACTBOM
(Ne 15044223 rev. A). 'otoBbie 6ubnuotexu ¢ PhiX cekBeHnpoBanu ¢ momolisio Habopa MiSeq®
Reagent Kit v3 na 600 nuxnos (Illumina Inc., CIIIA).

Hannpie 16S metaGapkoaupoBaHus 00pasloB MPOAaHATU3UPOBAHBI C TIOMOIILI0 pabodnx
nporieccop Data QC. Jlamuble creHepupoBaHbl u3 mporona MiSeq u cocrosuin U3
JeMYJIbTUIUICKCUPOBaHHbBIX (aityioB fastq, xoropeie ObUIM MMIIOPTHPOBAHBI B MPOTPAMMHOE
obecrieuenre CLC Genomics Workbench v. 22. (Qiagen). Ilepen HauamoM Ki1acTepH3aI[HH PHIBI
ObLTM O0pe3aHbl, a UYTEHUsI C HU3KUM OXBAaTOM ObUTH yAalieHbl U3 aHanu3a. [locnenoBarensHOCTH
16S mpaitmMepoB 1151 CEKBEHUPOBAHUS MPEIOCTaBIISUTUCH B (hopmate clc. B kauecTBe 6a3b1 JaHHBIX
npu aHanmuze ucnosb3zoBaigack SILVA SSU v. 138. (www.arb-silva.de/documentation/release-
138).

B monyne CLC Microbial Genomics mns usmepeHus: anbda- u Oera-pazHooOpaszus
UCIONIB30BaIoch (uiorenernueckoe aepeBo Bcex OTU (dumoreHeTndyeckoe pasHOOOpazue u
paccrosinus UniFrac). ®unoreHerndeckoe AEPEeBO PEKOHCTPYHPOBAIOCH C HCIOIH30BAHUEM
noJxoja MaKCHMaJIbHOTO npasaonoao0us, OCHOBaHHOTO Ha BbIpaBHUBAHUU
nocinenoBarenbHocTel (MSA) OTU, crenepupoBannbix B cteHae MUSCLE. C uenbio olieHKH
CXOJICTBAa MEX 1y oOpasmnamu mpoBeacH nuddhepeHInaabHbIi aHATN3 YUCICHHOCTH C TEM, YTOOBI
HaliTh omnepanuoHHble TakcoHommueckue enuHuibl (OTU), koropele uMeroT Haunbonee
Pa3IUYAOIIYIOCS YUCICHHOCTh B 0Opasuax. J{oCTOBEpHOCTh pe3yNbTaTOB OLIEHEHA aHAJINU30M
Permanova, KOTOpBIIi MOKHO MCTIOIB30BaTh ISl U3MEPEHUST BEIUYUHBI d3PPeKTa U 3HAUUMOCTHU
OeTa-pa3zHo0Opa3usl.

Pe3yabTaTbl M 00Cy:KIeHHE

B pesynbrate uccienoBaHHs KOPMOB YCTaHOBJEHO, 4YTO KayecTBO KOPMOB B K/X
«Kynnpi6aes Jlaynerranm» Obl10 cpenHuM. Tak, CEHO pa3HOTPABHOE IO COJAEPKAHUIO CHIPOTO
MPOTEUHA U CBIPOM 30JIbI CIEAYET OTHECTU K 1-My Kjaccy, IO COAECPXKAHUIO ChIPON KIIETYATKH -
KO 2-My kJaccy. OJTHaKO MO COJIEPKaHMIO CYXOro BEIIECTBA CEHO HE ABISETCS KIacCHbIM. CHUItoC
KyKypy3HblIil B coorBeTcTBUM ¢ ['OCT P 55986-2014 1o comepkaHHIO CyXOro BEILECTBA, CHIPOTO
MIPOTEUHA U CHIPOI KJIETYaTKU OTHECEH K 1-My KJ1acCy, a M0 KOHIEHTPAILUU CHIPOH 30JIbI B CYXOM
BEIleCTBE KopMa — K 3-My kiaccy. s mpoBeaeHUs HAyYHO-XO3SMCTBEHHOTO OIBITa OBLIO
c(OpMHPOBAHO JIB€ MOJOMNBITHBIE TPYMIbI ObIMKOB 10 10 roioB B KaXJ0¥l MO MPUHIMILY Map
anayioros [21] (Tabmuna 1).

Tabmuna 1 — CxemMa HayYHO-X03HCTBEHHOIO OIBITA HA OBIYKaX

I'pynma VYcnoBus KOpMIICHHS
py KonnuectBo romnos P
KonTponpHas 10 bazosriii parion (bP)
OneITHas 10 BP + 3epHo apHA

OTauyrie palMoOHOB MOAOIBITHBIX T'PYII )XMUBOTHBIX 3aKJIOYaJIOCh B TOM, UYTO OINBITHAS
rpynmna B paluoHe Mojiydana ceMmeHa jibHa. Ilpu 3Tom rpyObie KopMa B CTPYKTYype paluoHa
KOHTpOJIbHOM rpymnnbl 3aHumanu 22,0%. Ha counble kopma npuxomwiock 20,0%. [lons
KOHIEHTPHUPOBAHHBIX KOPMOB cocTaBisiia 58,0%. AHanoru4Hasi CTpyKTypa palioHOB ObUIa U B
OmbITHOM Tpynme. Tak, Ha 10110 TPYOBIX KOPMOB IPUXOAMIIOCH 22,5%, Ha 10110 coyHbIX — 19,5%.
Jons KoHIIEeHTpaToB B panroHe cocranisiia 58,0 %. B Tom yucne Ha ceMeHa JibHa MPUXOIUIOCH
9,2%. IloemaeMocTh ceHa B KOHTPOJBHOM rpymme coctaBwia 86,3%, cuioca - 96,47%,
KOHIIEHTPAThI MOEIAJIUCH MOJHOCTHIO. B ONBITHOM TpyIIie OeaaeMocTh ceHa cocTaBuiia 86,43%,
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cujoca KyKypy3Horo - 96,5%, KOHLIEHTpaThl MOENATUCh MOJHOCThIO. 3 MOy4eHHBIX JaHHBIX
ClelyeT, YTO MOeAaeMOCTh KOPMOB Oblla OJIMHAKOBOW B 00eux rpymmnax. B cpennem, B cyTku
KUBOTHBIE 00€UX TPYII NOTPEOIISIIN OJUHAKOBOE KOJIMYECTBO cyxoro Bemectna (7,53 xr). [Ipu
3TOM MOTpedsieHrne YHEPTHH ObLIO BBIIIE B ONBITHOM rpymme Ha 5,13%, ceiporo mporerHa - Ha
2,0%, nepeBapuBaemoro nporenHa — Ha 3,14%, a ceiporo xupa — Ha 56,6%, 4TO CBSI3aHO C
BBEJCHUEM B PAIIMOH CEMsH JibHa B KonnmdecTBe 500 T Ha rojgoBy B CyTKU. BBeneHue B paiirion
OTIBITHOW TPYIITIBI CEMSH JIbHA 0Ka3aJI0 TIOJIOKUTEIBHOE BIUSHUE HA MPOTYKTUBHOCTH KHUBOTHBIX.
Tak, aOCONIOTHBIN TPUPOCT KUBOW MacChl B OMBITHOW rpymme coctaBui 124,5+6,95 kr, a B
KoHTposibHOM Tpynne - 105,33+2,16 «r. IlpeBbimenune cocraBuwio 19,17 kr wumm 18,2
OTHOCHUTENbHBIX TporeHTa (P>0,95). CpemHecyTouHBI NPUPOCT KMUBOM MAacChl B ONBITHOW
rpynne Obul Bbime u cocraBun 1270,40+70,94 r. mpotuB 1074,8422,01 r. IlpeBblmeHue
coctaBmio 195,6 r unm 18,2 otHocuTenbHBIX TporieHTa (P >0,95). Takas pa3Huiia cBsizaHa ¢ TeM,
YTO pAIMOHBI OTBITHOW TPYIIBI COJAEpXKaIM B COCTaBe OOJBIIE D3HEPTUH, CHIPOTO U
NepeBapuBaEMOro MPOTENHA U JKHpa. YBEJIUYEHHE CPEIHECYTOUHBIX MPUPOCTOB >KUBON MaccChl
OBIYKOB OMBITHOW TPYMIIBI MOKa3ao 3()PEeKTUBHOCTH 3aTpaT KOPMOB Ha | K mpupocTa KUBOU
Macchl. Tak, B KOHTpoJibHOW rpymie oHu coctaBmwin 7,26 DKE (9HEpreTH4ecKnx KOPMOBBIX
eauHun), a B onbiTHOM — 6,45 DKE unu mensiue Ha 0,81 9KE, yto cocraBuiio 12,6%. Hapsny ¢
9TUM, HW3Y4YEHO COJEpKaHWE aHa’dpPOOHBIX OakTepwii M apxel B (EKAIMSIX IOJOTBITHBIX
KUBOTHBIX. Pe3ynbTaThl HCce10BaHUi IPECTABICHEI B TA0IHIIE 2.

Tabnuna 2 — Cogeprkanue aHadpoOHBIX OaKTepHid U apxell B heKanusx MoJONBITHBIX KUBOTHBIX, %0

MuxkpoOuora Ipynna Guricon YpOoBeHb BEpPOATHOCTH
KT or
AHadpoOHbIe OaKTepun 98,67+0,18 99,52+0,03 P >0,95
Apxen 0,02+0,01 0,2+0,01 P >0,999

W3 nanubix Tabmuisl 2 ciaenyer, 4To Harnbosiee BbICOKasi KOHLIEHTpAIMsI apXel COepKUTCS
B omnbITHOM rpynme (0,2+0,01%) mo cpaBHEHHIO ¢ KOHTPOJIBbHOH rpymnmoit 6srakoB (0,02+0,01),
yBenudeHue - 0,18 abcomorapix mpouenta wid B 10,0 pa3 (P>0,999). Ananu3 moiaydeHHBIX
JAHHBIX TI0Ka3ajl, YTO BBEJIEHHE CEMsSH JbHA B PALMOHBI OBIYKOB CIOCOOCTBYET YBEIMUYCHMIO
KOJIMUECTBA aHAIPOOHBIX OaKTepUil IPU OJTHOBPEMEHHOM IOBBIIICHUN KOHIICHTPAIIUU apXei.

B pesynbrare nposenenus OuonnpopmaTuueckoi 00paboTKH NOIY4eHbI CTEHEPUPOBAHHbIE
kiacrepsl OTU, koTopbIe TpeaocTaBIeHbI Ha pUCYHKE 1.

Spirochaetia
Fibrobacteria
Negativicuites

Ambundance

Verrucomicroblae
Gammaproteobacteria
Coriobacteria

Bacilli

Actinobacteria
Bacterioldia

Clostidia

To Mounth 1 Mounth 2 Mounth 3 Control

Pucynox 1 — Mukpo6uoTta GBIYKOB Ha ypOBHE Kjiacca B 00pasuax, CrpynnupoBaHHBIX 10 KOPMIICHHIO
CeMEHaMH JIbHA
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Ha pucynke 1 mokazano ysemuuenue uucieHHoctu Clostridia ¢ TO mo 3-ii mecsn
KOpMIICHHSI CEMEHAMH JIbHA, TOT1a Kak KojauuecTBo Bacteroidia ymenbinaercs. DT pe3ysbTaThl
ObUIM JONOJHUTEIBHO OIICHEHBI MyTEM NMPOBEICHUS CTATUCTHYECKOTO aHAJIN3a 00Pa3IoB.

Anb(da-pazHOoOOpa3ue HAHECEHO Ha JUarpamMmy MyTEéM TPYNIUPOBKH 0OpPa3IOB BBEACHUS
CEeMsIH JIbHA (PUCYHOK 2).
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Pucynok 2 - Anbda-pazHooOpasue — NpsMOyrojibHas JuarpaMma mpu KOPMICHUH JTbHOM
Pucynok moka3sbeIBaeT 3HaUMTEIBHOE pa3jaenenue rpymm kopmieHus (p= 0,03).

AHamm3 Oerta-pa3zHOOOpa3usi IMOKa3biBaeT aHanu3 OCHOBHBIX KoopauHaT (PCoA) Ha
paccrostausx UniFrac (pucyHok 3).

Mecsing 3

Mecsinn 3

Mecsing 2

.’ Mecsim 1

Mecsin 2 . Mecsin 1

Pucynok 3 - PesynbraT aHanu3a Oeta-pasnooodpasus — PCOA
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B PCoA cdepsr Oera-pasHOOOpazusi Ha Tpaduke OKpamieHbl B COOTBETCTBUU C
METaJaHHBIMH (KOPMJICHHE DPAllMOHOM C CEMEHaMHu JibHa). MIHTepecHO, 4TO B ATOM aHaJn3e
mukpobuoTa B TO 1 yepe3 3 Mecsilia mociie KOpMJICHHsI CEMEHAMH JIbHA YETKO CTPYNIHUPOBAHA B
JIBa pasHbIX Kiactepa. KuBoTHBIE yepe3 | U 2 MecsIa TakKe OTACICHBI OT MEPBBIX T'PYIII, HO
UMEIOT TeHICHITUIO CMEIUBAThCA APYT ¢ ApyroM. PCoA mpeamonaraeT mocTerneHHoe N3MEHEHNE
cocTaBa MUKPOOHOTHI MTOCTIE KOPMIICHHSI CEMEHAMU JIbHA.

Tabmuma 3 - PesynpTaT mepMyTaliioHHOTO MHOTOMEpHOTo aucrnepcronHoro ananmms3a (IIEPMAHOBA)
ananu3 (bpaii Keptuc)

IlceBmocraTucTrka p-3Ha4YECHHE
I'pynnst

2.50489 0.00246

I'pynma 1 I'pynma 2 ITceBmocTaTucTrka P-3nauenmne (gé;gi!;;iiz)
Jo Mecsi 2 0,78822 0,90000 1,00000
Jo Mecsi 2 1,62391 0,10000 1,00000
Mecs 2 Mecsi 3 2,18331 0,10000 1,00000
Jo KoHnTpoan 2,06822 0,10000 1,00000
Mecs 2 KoHnTpoan 4,79052 0,10000 1,00000
Mecs 3 KoHnTpoan 11,24487 0,10000 1,00000
Jo Mecs 1 1,03102 0,50000 1,00000
Mecs 2 Mecsir 1 0,78543 0,60000 1,00000
Mecs 3 Mecs 1 5,38830 0,10000 1,00000
KouTponn Mecsir 1 5,03025 0,10000 1,00000

PERMANOVA ananu3 (XKakkapn)
Ilepemennas I'pymier IlceBmocTaTnucTHKa p-3HauYcHHE

Kopmnenue Ho, Mecsiu 2, Mecsn 3, Kontpous, Mecsin 1 2,17219 0,00051

I'pynma 1 I'pynmna 2 IceBnocraTucTuka P-3nauenue (553111;2111)
Jo Mecsi 2 0,92241 0,80000 1,00000
Jo Mecsi 2 1,98391 0,10000 1,00000
Mecs 2 Mecsi 3 1,97859 0,10000 1,00000
Jo KouTpoins 1,69119 0,10000 1,00000
Mecs 2 KonTtponn 2,97312 0,10000 1,00000
Mecsi 3 KonTtponn 6,45427 0,10000 1,00000
Jo Mecs 1 1,18759 0,20000 1,00000
Mecs 2 Mecsir 1 0,85116 0,60000 1,00000
Mecs 3 Mecs 1 3,95923 0,10000 1,00000
KoHnTpoan Mecsir 1 3,20675 0,10000 1,00000

Mertanorensl. buonHdopmaTuyeckuii aHamW3 MPOBOAWICS Ha 3-X TaKCOHOMHYECKHX
YPOBHSX: KJlacc, CEMEMCTBO U POA.

Jl71s mpoBepKU HaIMUKS Pa3HULBI MEXTY IBYMs I'pynraMu npoBenéH auddepeHnnaibHbIi
aHaJIN3 YMCICHHOCTH apxell (tabmuua 4). Pesynprar 3TOoro ananm3a mokasan 6-kpatHoe u 285-
KpaTHOE YyBEIMYCHUE YMCIEHHOCTH apxeil kiaccoB Methanobacteria u Methonomicrobia,
COOTBETCTBEHHO, MOCJI€ BBEJCHHS B PAllMOH CEMsH JIbHA B T€YEHHE 3-X MECSIeB. DTU 3HAUYCHUS
CTATUCTUYECKU TMOJATBEPIKACHBI, IMOCKOJbKY IOKa3aTeNM P 3HAYUTEIBHO HMXKE MOPOTOBOTO
3Hauenus (p<0,05).

Ta0muia 4 - OTU JuddepeHimanbHblii aHAJIN3 YUCICHHOCTH Ha YPOBHE Kiacca

HaI/IMCHOBaHHC Kj1acca I/IBMeHeHI/Ie CFI/I6a P-gHaquHe
Methanobacteria 591 7,95E-3
Methanomicrobia 258,21 1,54E-3
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Tot e moaxo MPUMEHEH Ha YPOBHE CEMEUCTB U POJOB (PUCYHOK 4), UTO MOJITBEPKIAACT
YBCIUWYCHUEC COACPKAHHUA MCTAHOI'CHOB Ha 3-m MECALC IO CPaBHCHUIO C XHMBOTHBIMH 10
kopmiieHuss cemeHamu sbHa (T0). B uacTHOCTH, METaHOTEHHBIH KOMIOHEHT MUKPOOHMOTHI
xenymouHo-kumeunoro tpakra KPC unentudunmpoBan kak cemeiictea Methanobacteriaceae,
Methanocorpusculaceae, Methanomethylophilaceae wu xax poxer  Methanobrevibacter,
Methanosphaera.

Abundance
4
1

B

L1l
T
gl

5% 5% 3
1% 3 a3
15% %
10% e
5% %
L )
T0 Month 3 T0 Month 3
Methancbacteriaceae ?:nt:t;hhaar:;(::hpnuesr(;ulum
Methanomethylophilaceae )
Methanobravibacter
Methanocorpusculaceae

PucyHok 4 - MukpoOroTa OBIYKOB Ha YPOBHSIX CEMEHCTB U POJIOB apxeid B 00pasiax,
CIPYIIIMPOBAHHBIX 10 KOPMJICHHIO CeMEHaMHU JbHA. KOMIIOHEHT MeTaHOTr€Ha OKpallleH B CBETJIO-T0NIy00i
U 3eJIEHBI [BETA

TouHo Tak xe auddepeHnraIbHbIi aHaTN3 YUCICHHOCTH ObLT BBITIOJHEH IS CEMEHCTB H
pomoB MeTaHoreHOB (Tabiuisl 5, 6). Ha ypoBHe cemelicTBa CTaTUCTUYECKH 3HAYMMAs BapHAaIlHst
YHCIICHHOCTH Ha 3-M MecsIle M0 CPaBHEHHIO C KHUBOTHBIMU 110 KOpMIIeHHs ceMeHamu JibHa (T0)
Obuta moaTrBepkaeHa s Methanocorpusculaceae  (yBenwuenwe B 255 pa3) wu
Mathanobacteriaceae (yBenmuuenune B 6 pa3). PesymbraTel Takke MoKasanmu 13-kpaTHOe
yBenuuenue Methanomethylophilaceae.

Tabmuua 5 - OTU InddeperHunanbHplii aHaNU3 YUCICHHOCTH HA YPOBHE CEMEHCTB apXxe

Haumenosanue Hsmenenne cruda P-snaucnne
Methanocorpusculaceae 254,81 1,36E-3
Methanobacteriaceae 6,05 0,02
Methanomethylophilaceae 12,72 0,07
Tabmuua 6 -OTU InddepeHnmanbHbli aHaIN3 YUCICHHOCTH Ha YPOBHE POJIOB apXei
P-3nauenue
Hanmenosaune Hsmenenune cruda
Methanocorpusculum 166,92 0,08
Methanosphaera -1,51 0,52
Methanobrevibacter 1,00 0,98

227



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

Coznana TeroBasi Kapta (PHECYHOK 5), BKIIOUAIONIasi BCE DKCIEPUMEHTAIBHBIE TPYIIITHI
(koHTpONL, 10 KOpMmieHus cemeHamu JibHa (T0), mecsip 1, 2, 3) Ha ocHOBe TaOJIHIIBI
orepanuoHHbIX TakcoHoMuueckux enuHul] (OTU), 94To0Bl COXpaHHUTHh BCIO TaKCOHOMHYECKYIO
nH(OpMaIMIo B aHAIIH3E.

\ | e

KHE_S38 2 AKE_20  AEREKE_SI0 4380p_Su 521 REKLSS  IUp_S@0  ZIK_S1T  AJEMELSE  1bn_¥15 3K 3T

Feedng
Malhanoganicaitason LEW-ATOT, CUBEINZE 11189
falhanobrevivacter sp, KiI05525 11165
—I:U|a- ubievibadie gp. B2, AVB15204.1.1280
~Unculturad Methanobredhader <p 1233

_\; Uncuturad Wethanebredbaciar sp JFA0T0EE 11262
| Mesnanohrednastar sp YE301: GOBISSTS 1 931
Lu";..nmm Mathanobradhacter ap; K 51452

Unidantiied mathanagen 4RC1A AF0RE20% 11043

LIncutherad Methanehredbactar sp FIA10254 1 1262
———LIncutirad Meshanehredbacsar sp FI10258 1 1261
1 Uncutiured Meshanobresibacior sp JFE070701.1202
_[qullur:d methanagenic archason: AY4Z2087.1.913

Uncultured mefanegenic archacon; AY4ZZ366.1.1025
‘ Uncultured Methanabrovisacker sp; HO412064 11209
J

Unidentiicd methanagen ARC4D; AFOEI204.1.1012

Unzultred rumen methanegen; KO404261 11204

Uncultured Methanabrevibacter sp; HO413070.1 1203

[ Unidenbfied methanogen ARCE, AFO2E197.1.1015
Een-mu:rmu:lur rumminzslun, KP 2387 11280
Uncullured rurnen methanogen, S951820.1 1280

——Uncultured Wethanobrevisacer sp, KAE 842 1128/

| —Methanogenic srcharen LA MDY, ELMEIZ 1,124 Kopmnenwe
L F {Metapgannuie
Uncullured Melhangbrevacter sp, KJS22i08.1.1202 ypoBreHL #1)

I vecay 3 [l Mecau 1
TO M KonToons
Mecau 2

Pucynok 5 - TerutoBast kapta Tabnuisl OTU mo metanoreHam

OTOT aHanu3 Takke BechMa WH()OPMATHBEH, TaK KaK MOKAa3bIBACT, YTO YBEIMUYCHUE
METaHOT€HOB HE3HAYUTENIBHO JI0 2-X MECSIEB MOCIe KOPMIICHHUS CEMEHaMHU JIbHA, B TO BPEeMs Kak
C TpEeThero Mecslla HAYMHACT YBEJIMYMBATHCS METAHOTCHHAS COCTABISIONIAs MHUKPOOHOTHI
KEITY0YHO-KUIIEYHOT O TPAKTa KPYIMHOT'O POraToro cKoTa.

3akiroueHue

B onbITHOM rpyrmine ObIYKOB, B pallMOHE KOTOPBIX ObUIN CEMEHa JIbHA, HAOI01ascs OB
MPUPOCT KUBOM MACChl MO CPAaBHEHUIO C KOHTPOJIBHOW rpymnmnoi. B pesynbrare mpoBeIeHHOTO
MCTAar¢HOMHOI'O aHAaJIN34a BBIAABJIICHO, YTO BBCACHUC CCMSH JIbHA B PAlITMOHBI GBI‘IKOB CHOCOGCTByeT
YBEIIMYECHUIO KOJIMYECTBA aHa’poOHBIX Oakrepwii m apxei (cemeiicte Methanobacteriaceae,
Methanocorpusculaceae, =~ Methanomethylophilaceae u  pomo  Methanobrevibacter,
Methanosphaera), uto cmocoOCTByeT MOBBIICHUIO MPOIYKTUBHOCTH OBIYKOB, HO B TO K€ BPEMSI
MOBBIIIACTCS AMUCCUSI METaHa, YTO HETaTMBHO BIMIET Ha OKpyKaromiyro cpeny. Heobxomumo
MpOBEJCHUE NalbHEHIINX HCCIEAOBaHUN Ui pa3pabOTKH PAllMOHOB C LIETbI0 YMEHbILIEHUS
BBIPaOOTKH METaHa.
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3BIFBIP TYKBIMBIMEH A3BIKTAHIBIPYIBIH KA3BAKTBIH AKBAC TYKBIMBI
BYKALIBIKTAPBIHBIH ACKA3AH-IIIEK 5KOJIbl MUKPOBUOMACBIHIAF b
APXEWJIEPATH OHIM/ILIITT MEH IIOFBIPJIAHYBIHA OCEPI

Tyiiin

Makanana 3BIFBIp TYKBIMBI KOCBUIFaH PAllMOHHBIH Ka3aKTBIH akK0ac TYKBIMIBI —OyKamapablH
OHIMJIITITIHE JKOHE ONApJbIH METaH OHJIIpyiHe ocepi Typalibl akmapaT OepinreH. Meran OeutiHici
JKaHyapJiapIblH acKa3aH-illeK MHKPOOMOMACHIHAAFEl apXeiyiepAiH MeJIepine OaiTaHbICTE. 3epTTey
HOTHXKECIHAC OYKanapAslH pAalFOHBIHA 3BIFBIP TYKBIMBIH €HTI3Y CAJIMAKTHIH OCYiHE XOHE METaH
OHIIPICIHIH apTybIHA BIKIAJ €TeTiHI aHBIKTaAAbl. COHBIMEH, TOXKIPHOECIIIK TONTHIH TipiJicH calMarbIHBIH
a0CoJIIOTTI ecyi 124,5+6,95 KT, an Oakputay  ToOBIHmA-105,33£2,16 KT. 3BIFBIP
TYKBIMBIH IMali1ajaHy aHadpoOThI OaKkTepusTap MEH apxeinepiiH keOeroiHe, SFHH MeTaH OHIIPICIHIH
apTyblHA OKeai. TYKBIMIBIK JICHTCHIE 3BIFBIP TYKBIMBIMCH KOPEKTEHTCHIe JeHiH jKaHyapiapMeH
CaJIBICTBIPFaH/Ia 3-1IIi ai/la METaHOTCH/IEP CaHBIHBIH CTATUCTHKAIIBIK MaHBI3/IbI ©3Trepyi, SKCIIEPUMEHTTIH
Gacranysl, ansikTamansik HykTe (T0) Methanocorpusculaceae (255 ece ecy), Methanomethylophilaceae
(13 ece ecy) xone Mathanobacteriaceae (6 ece ecy) pacTaisl.

Kinrri ce3mep: MukpoOuoM, ipi Kapa MaJ, Ka3aKThIH aK 0achl, 3bIFBIP TYKBIMIAPHI, XaHA YpPIIaK
CCKBEHJIEY.
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INFLUENCE OF THE DIET ON THE PRODUCTIVITY OF THE KAZAKH WHITE
HEAD STEERS AND CONCENTRATION OF ARCHAEA IN THE
GASTROINTESTINAL TRACT MICROBIOME

doi: 10.53729/MV-AS.2023.01.15

Abstract

The article provides information on the effect of a diet with the addition of flax seeds on the
productivity of the steers of the Kazakh white-headed breed and their production of methane. The
production of methane depends on the concentration of archaea in the microbiome of the
gastrointestinal tract of animals. As a result of the research, it was found that the introduction of
flax seeds into the diets of the steers contributes to weight gain and an increase in methane
production. Thus, the absolute increase in live weight in the experimental group was 124.5+6.95
kg, in the control group - 105.33+2.16 kg.The use of flax seeds has led to an increase in the number
of anaerobic bacteria and archaea, that is, to an increase in methane production. At the family level,
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a statistically significant variation in the abundance of methanogens at 3 months compared to
animals before flax seed feeding, beginning of the experiment, baseline (TO) was confirmed for
Methanocorpusculaceae (255-fold increase), Methanomethylophilaceae (13-fold increase) and
Mathanobacteriaceae (increase 6 times).

Keywords: microbiome, cattle, Kazakh white-headed, flax seeds, new generation sequencing.

More than half of the methane in the atmosphere are the result of the development of
agriculture, primarily animal husbandry. Methane is produced as a side effect of the digestive
processes of cattle. Methane emissions from animals into the environment contribute to climate
change. Methane leads to the greenhouse effect: compared to carbon dioxide, it is able to retain
more heat than carbon dioxide. Stomach gases, as a result of malnutrition and digestion of animals,
are becoming a problem in countries with developed agriculture. By 2030, the ambient temperature
Is expected to increase from 1.5 to 2°C.

Kazakhstan is a country with a developed animal husbandry, in which the number of cattle
Is increasing every year, respectively, more methane is emitted. To reduce methane emissions, it
is necessary to change the diet of cows [1]. Pretty D.C., Char S., Hongmin D. et al. [2] note that
the ratio of concentrates and coarse feed in the diet affects the growth of the animal, fermentation
in the rumen, methane emissions and animal health [2]. As a rule, when the proportion of coarse
feed is higher, cellulose-destroying bacteria multiply and acetic acid fermentation with hydrogen
production prevails in the rumen, which stimulates massive reproduction of archaea with an
increase in methane emissions. However, when the proportion of concentrate in the diet is
increased, the pH in the rumen decreases, which inhibits the growth of archaea and ciliates, while
increasing the production of propionic acid. A number of authors have established that the
composition of organic matter (carbohydrates) in the diet of animals affects the nature and rate of
fermentation, as well as the formation of essential fatty acids (EFAs) and methane [3-5]. Starch
diets stimulate propionate production and reduce methane production. Such diets affect the rumen
pH and the formation of methane. Diets containing coarse feed have the opposite effect. Rations
containing roughage have the opposite effect. The influence of diet composition on methane
emission was also established by other scientists [6, 7]. BIn India, it was found [8] that Holstein
cows eat high-quality diets and produce 6-7 times less methane per 1 liter of milk than local cows,
which reduces methane emissions by 20-30% due to livestock. Another way to reduce
methanogenesis in the rumen may be inhibited due to the formation of alternative products. Thus,
acetogenic bacteria in the large intestine of mammals produce acetic acid during the reduction of
CO. with the participation of H2 formed during the fermentation of carbohydrates in the large
intestine [9]. The enrichment of the animal diet with fats leads to a decrease in the infusoria in the
rumen [10, 11] and a decrease in methane, and the source of fat affects the effectiveness of its
action [12]. The inhibition of melanogenesis has been shown with the addition of fats (for example,
flax seeds) to the diet [13]. When a probiotic from the fungus Aspergillus oryzae is added to the
feed, the formation of methane in the rumen decreases by 50%, which is associated with a decrease
in the number of infusorium in the rumen contents (by 45%) [14]. The addition of Saccharomyces
cerevisiae in vitro to the incubation system leads to a 10% reduction in methane, while the addition
in vivo does not affect it [15].

The decomposition of plant fiber occurs as a result of the hydrolysis of polysaccharides into
monomers. The monomers are fermented by acidogenesis resulting in organic and short chain fatty
acids. Hydrogen (H) and carbon dioxide (CO2) are also produced. Methanogens remove H; by
reducing CO> to form methane [16, 17]. Therefore, understanding the microbial composition of
the gastrointestinal tract of ruminants is important to assess the extent of methane production. The
development of a diet for cattle in order to reduce methane emissions and its negative impact on
the environment is an urgent global environmental problem.
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Materials and methods

Studies of the effect of adding flax seeds to the diet on the microbiota of the gastrointestinal
tract (GIT) of cows were carried out in the farm "Kuldybaev Dauletgali”, Karatal district, Zhetysu
region, in the testing center for determining the chemical composition of feed and product quality
of LLP "Kazakh Research Institute for livestock and Fodder Production” and in the laboratory
molecular genetic research of LLP "SPC of Microbiology and Virology".

Kazakh white-headed steers aged 8-10 months served as the object of the study, with an
average initial live weight of 180-210 kg and an average daily increase of 1100-1200 g. The fodder
base was represented by mixed hay, corn silage, corn, wheat bran. Chemical analysis of feed was
carried out according to State standart 32040-2021. To study the chemical composition of the feed,
an Infrasound device from FOSS (Denmark) was used. The animals were kept in open areas,
without a leash. Feeding was carried out twice a day. After studying the chemical composition of
feed and the formation of experimental groups, taking into account the live weight and average
daily gains of animals, rations for experimental groups were developed. When developing diets,
the norms of feeding farm animals developed by the Institute of Animal Husbandry were used
[18]. During the experiment, once a month, the productivity of animals and feed consumption were
taken into account. The digital material was processed by the method of variation statistics [19].
In accordance with the standard values of the reliability criterion (according to Student), three
levels of probability were used: 0.95; 0.99 and 0.999. At P <0.95, the differences between the
groups were considered insignificant. If the probability level of the above indicators, then the
differences are considered reliable with an error of 0.05, 0.01 and 0.001%.

The study of the steers microbiome was carried out using 16S metagenomic analysis on the
Illumina MiSeq sequencer using new generation sequencing technology (NGS). Fecal samples
were taken rectally from the steers for analysis. Samples were collected from 3 steers before
feeding with flax seeds (TO0), and then in the first, second and third months after feeding. In
addition, 3 animals that were not given flax seeds were included in the experiment as a control.
The samples were delivered to the laboratory in a thermowell with refrigerating elements and
stored at -20 °C [20]. 250 mg of fecal samples were taken to isolate DNA. DNA was isolated with
a PureLinkTM microbiome DNA isolation kit (Invitrogen, USA) in accordance with the
manufacturer's protocol. Genetic libraries for metagenomic 16S sequencing were prepared in
accordance with the guidelines (No. 15044223 rev A). The finished libraries with PhiX were
sequenced using the MiSeq ® Reagent Kit v3 for 600 cycles (Illumina Inc., USA).

The 16S metabarcoding data of the samples was analyzed using Data QC workflows. The
data was generated from the MiSeq run and consisted of demultiplexed fastq files that were
imported into the CLC Genomics Workbench v software. 22 (Qiagen). Before clustering started,
the reads were truncated and the low-coverage reads were removed from the analysis. Sequences
of 16S primers for sequencing were provided in .clc. format. SILVA SSU v. 138. was used as a
database in the analysis. (www.arb-silva.de/documentation/release-138).

In the CALC Microbial Genomics module, a phylogenetic tree of all OTU (phylogenetic
diversity and UniFrac distances) was used to measure alpha and beta diversity. The phylogenetic
tree was reconstructed using a maximum likelihood approach based on the alignment of OTU
sequences (MSA) generated in the MUSCLE stand. In order to assess similarities between
accessions, a differential abundance analysis was performed to find the operational taxonomic
units (OTUs) that have the most disparate abundances in the samples. The validity of the results
was assessed by the Permanova analysis, which can be used to measure the effect size and the
significance of beta diversity.

Results and discussion

As a result of the study of feed, it was found that the feed in the «Kuldybayev Dauletgali»
farm was of average quality. Thus, mixed hay in terms of the content of crude protein and crude
ash should be attributed to the 1st class, in terms of the content of crude fiber - to the 2nd class.
However, in terms of dry matter content, hay is not cool. Corn silage in accordance with State
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standart 55986-2014 is classified to the 1st class in terms of dry matter, crude protein and crude
fiber, and to the 3rd class in terms of the concentration of crude ash in the dry matter of the feed.
To carry out the scientific and economic experiment, two experimental groups of steers with 10
heads each were formed according to the principle of pairs of analogues [21] (Table 1).

Table 1 — Scheme of scientific and economic experience on steers

Group Number of steers Feeding conditions
Control group 10 Basic diet (BR)
An experienced group 10 Basic diet + flax grain

The difference in the diets of the experimental groups of animals was that the experimental
group received flax seeds in the diet. At the same time, coarse feed in the structure of the diet of
the control group occupied 22.0%. Juicy feeds accounted for 20.0%. The share of concentrated
feed was 58.0%. There was a similar structure of rations in the experimental group. Thus, the share
of roughage accounted for 22.5%, the share of succulent - 19.5%. The proportion of concentrates
in the diet was 58.0%. Including flax seeds accounted for 9.2%. Hay consumption in the control
group was 86.3%, silage - 96.47%, concentrates were eaten completely. In the experimental group,
the feedability of hay was 86.43%, corn silage - 96.5%, concentrates were eaten completely. It
follows from the data that the feed intake was the same in both groups. On average, animals of
both groups consumed the same amount of dry matter (7.53 kg) per day.At the same time, energy
consumption was higher in the experimental group by 5.13%, crude protein - by 2.0%, digestible
protein - by 3.14%, and crude fat - by 56.6%, which is associated with the introduction of flax
seeds into the diet in the amount of 500 g per head per day. The introduction of flax seeds in the
diet of the experimental group had a positive effect on the productivity of animals. Thus, the
absolute increase in weight in the experimental group was 124.5+6.95 kg, and in the control group
—105.33£2.16 kg. The excess was 19.17 kg or 18.2 relative percent (P>0.95). The average daily
increase in weight in the experimental group was higher and amounted to 1270,40+70.94 g versus
1074,8+22.01 g. The excess was 195.6 g or 18.2 relative percent (P>0.95). This difference is due
to the fact that the diets of the experimental group contained more energy, crude and digestible
protein and fat. An increase in the average daily weight gain of the experimental group of steers
had a positive effect on feed costs per 1 kg of weight gain. So, in the control group they amounted
to 7.26 EFU (energy feed units), and in the experimental group — 6.45 EFUor less by 0.81 EFU,
which was 12.6%. Along with this, the content of anaerobic bacteria and archaea in the feces of
experimental animals was studied. The research results are presented in table 2.

Table 2 — The content of anaerobic bacteria and archaea in the faeces of experimental animals, %

Group of steers
Anaerobic bacteria A_‘” Probability level
Control group | experienced
group
Bacteria 98,67+0,18 99,52+0,03 P >0,95
Archea 0,02+0,01 0,2+0,01 P >0,999

From the data in Table 2 it follows that the highest concentration of Archea is found in the
experimental group (0.2+0.01%) compared to the control group of steers (0.02+0.01). The increase
is 0.18 absolute percent or 10.0 times (P>0.999). The analysis of the data obtained showed that the
introduction of flax seeds into the diets of steers contributes to an increase in the number of
anaerobic bacteria while increasing the concentration of archaea.

As a result of bioinformatic processing, generated OTU clusters were obtained, which are
shown in Figure 1.
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Figure 1 — Microbiota of steers at the class level in samples grouped by feeding flax seeds

Figure 1 shows an increase in the number of Clostridia from TO to the 3rd month of feeding
with flax seeds. Moreover, the number of Bacteroides decreases. These results were further
evaluated by conducting a statistical analysis of the samples.

Alpha diversity was plotted on the diagram by grouping samples of flax seed introduction
(Figure 2).
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The figure shows a significant separation of feeding groups (p= 0.03).
Beta diversity analysis shows the analysis of basic coordinates (PCoA) at UniFrac distances
(Figure 3).
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Figure 3 - Result of Beta diversity analysis — PCoA

In PCoA, the spheres of beta diversity in the graph are colored according to the metadata
(feeding a flax seed diet). Interestingly, in this analysis, the microbiota at TO and after 3 months
flax seed feeding is clearly clustered into two different clusters. Animals over 1 and 2 months are
also separated from the first groups, but tend to mix with each other. PCoA, involves a gradual
change in the composition of the microbiota after feeding with flax.

Table 3 - Result of permutational multivariate analysis of variance (PERMANQOVA) analysis (Bry Curtis)

Pseudostatistics p-value
Groups
2.50489 0.00246
1 2 3 4 5

Group 1 Group 2 Pseudostatistics p-value (BE;1¥::$§ni)

Before Month 2 0,78822 0,90000 1,00000

Before Month 2 1,62391 0,10000 1,00000

Month 2 Month 3 2,18331 0,10000 1,00000

Before Control 2,06822 0,10000 1,00000

Month 2 Control 4,79052 0,10000 1,00000

Month 3, Control 11,24487 0,10000 1,00000

Before Monthl 1,03102 0,50000 1,00000

Month 2 Monthl 0,78543 0,60000 1,00000

Month 3, Monthl 5,38830 0,10000 1,00000

Control Monthl 5,03025 0,10000 1,00000

PERMINOVA analysis (Jacquard)
Variable Groups Pseudostatistics p-value
Feeding Before, Month 2, Month 3, Control, Monthl 2,17219 0,00051
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Table 3 continuation

1 2 3 4 5
Group 1 Group 2 Pseudostatistics p-value (BEr-w\]iZ:lrJgni)
Before Month 2 0,92241 0,80000 1,00000
Before Month 2 1,98391 0,10000 1,00000
Month 2 Month 3 1,97859 0,10000 1,00000
Before Control 1,69119 0,10000 1,00000
Month 2 Control 2,97312 0,10000 1,00000
Month 3 Control 6,45427 0,10000 1,00000
Before Month 1 1,18759 0,20000 1,00000
Month 2 Month 1 0,85116 0,60000 1,00000
Month 3 Month 1 3,95923 0,10000 1,00000
Control Month 1 3,20675 0,10000 1,00000

Methanogens. Bioinformatics analysis was carried out at 3 taxonomic levels: class, family
and genus.

To check for a difference between the two groups, a differential analysis of the number of
archaea was carried out (Table 4). The result of this analysis showed a 6-fold and 285-fold increase
in the abundance of archaea of the classes Methanobacteria and Methonomicrobia, respectively,
after the introduction of flax seeds into the diet for 3 months. These values are statistically
confirmed, since the p - values are significantly lower than the threshold value (p <0.05).

Table 4 - OTU Differential Population analysis at class level

Class name Changing the fold p-value
Methanobacteria 5,91 7,95E-3
Methanomicrobia 258,21 1,54E-3

The same approach was applied at the family and genus level (Figure 4), which confirms
the increase in methanogens at 3 months compared to animals before feeding with flax seeds (T0).
In particular, the methanogenic component of the microbiota of the gastrointestinal tract of cattle
was identified as the families Methanobacteriaceae, = Methanocorpusculaceae,
Methanomethylophilaceae and the genera Methanobrevibacter, Methanosphaera.
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Figure 4 - Microbiota of steers at the family and genus levels of archaea in samples grouped by feeding
on flax seeds. The methanogen component is colored in light blue
and green colors
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Similarly, differential abundance analysis was performed for families and genera of
methanogens (Tables 5, 6). At the family level, a statistically significant variation in abundance at
3 months compared to animals before flax seed feeding (TO) was confirmed for
Methanocorpusculaceae (255-fold increase) and Mathanobacteriaceae (6-fold increase). The
results also showed a 13-fold increase in Methanomethylophilaceae.

Table 5 - OTU Differential abundance analysis at archaeal family level

Name Changing the fold p-value
Methanocorpusculaceae 254,81 1,36E-3
Methanobacteriaceae 6,05 0,02

Methanomethylophilaceae 12,72 0,07
Table 6 -OTU Differential abundance analysis at the level of archaea genera
Name Changing the fold p-value
Methanocorpusculum 166,92 0,08
Methanosphaera -1,51 0,52
Methanobrevibacter 1,00 0,98

A heat map (Figure 5) including all experimental groups (control, before flax seed feeding
(TO), month 1, 2, 3) was created based on the table of operational taxonomic units (OTU) to keep
all taxonomic information in the analysis.
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Figure 5 - Heat map of the OTU table for methanogens
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This analysis is also very informative, as it shows that the increase in methanogens is
insignificant up to 2 months after feeding with flax seeds, while the methanogenic component
begins to increase as early as the third month.

Conclusion
In the experimental group of steers fed with flax seeds, there was a greater increase in weight
compared to the control group. As a result of the metagenomic analysis, it was revealed that the
introduction of flax seeds into the diets of steers contributes to an increase in the number of
anaerobic bacteria and archaea (families Methanobacteriaceae, Methanocorpusculaceae,
Methanomethylophilaceae and the genera Methanobrevibacter, Methanosphaera), which
contributes to an increase in the productivity of steers and methane emission.
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