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AHHOTALIMSA

OcHOBHBIMH KOpMO-0000BBIMH KYJIbTypamu B KazaxcTaHne SBISIOTCS JIOIEpHA U IOHHUK, HO MIPH HX
BBIPAIIMBAHUM CYIIECTBYIOT TpoOieMa HHM3KOH BCXOXKECTH CeMsH. J[JIsl TOBBIMICHUS BCXOXECTH H
YPOXKaHHOCTH 3TUX KyJIbTYyp HanOoJiee IMEepCHEeKTUBHBIM SBISETCS NMPUMEHEHHE OMOJIOTHYECKOro crocoba
Ha OCHOBE HCITONIb30BaHUS IEJUTIONONNTHYeCKuX Oakrepwid. s pa3paboTku OmMOymoOpeHUs Ha OCHOBE
3THUX OakTepuii HeoOXOJMMa BHICOKAs PEHTAOEIBHOCTh HMX MPOU3BOACTBA. OIHUM M3 MyTCH CHIDKCHUS
3aTpaT SBISETCS IMOAOOP ONTHMAJIBHBIX HMCTOYHHKOB IHTAHMS JUIS IIOBBIMICHUS BBIXO/AA OHOMACCHI
Oakrepmii. Llenplo maHHOTO WCCIENOBaHUS SIBISUICS MOJOOpP ONTHMAJBbHBIX HMCTOYHHKOB YIJEepoja Ul
KYJIbTUBUPOBAHUA TECJUIIOJIOJIUTUUICCKUX 6aKTCpI/II>'I C TIOBBINICHHBIM BBIXOJ0M 6I/IOMaCCBI U BBLICOKOM
AKTUBHOCTBIO (pepMeHTOB-Te/uTtoNa3. [IpoBeseH momdop HMCTOYHHWKOB YIIIEPOJHOTO MUTAHUS IS TpeX
IITAMMOB IEJUTIOJIONIATHYECKUX OaKTepuil. YCTaHOBJIEHO, YTO MAaKCHMaJIbHOE HAKOIUIEHHE OMOMAacChl
OakTepuil MPOMCXOAMT Ha THTATEIBHOM cpele C MIICHWYHOW conomoil. Hakormnenue Omomacchl Ha
MUTATENILHON CpeJie C TAKTO301 OBLIIO HECKOJBKO HMKE M COCTaBIIsUIO 2,7—2,9 /11, HO aKTHBHOCTS 1IeIUTI0NA3
IpU BBIpAIMBAHUH OAaKTEpHil Ha STHX HMCTOYHHKAX yriepoja Oblla MpakTHYecKd paBHOW. OqHAKO Npu
HapalnMBaHUM OHWOMAacchl OakTepuil B (epMeHTepax IPOM3BOACTBEHHOIO THIA MIICHHYHYIO COJIOMY
HEBO3MOXHO HCIIOJIB30BaTh B KAa4YCCTBE HMCTOYHHMKaA YIJI€poza. B cBs3u ¢ 9THUM, JI KYJIbTUBUPOBAHUA
HEJUTIOJIONIMTUYECKUX OAKTepHii B Ka4eCTBE UCTOYHMKA yIiIepo/ia 0ToOpaHa JIakTo3a.

KiaroueBble cjioBa: I1EIUTIOJIOIUTHYCCKUE OaKTepUM, KYJIbTHBHPOBAHHME, WCTOYHHMKH YIJIEpOJa,
HeJUTI0Na3Has aKTUBHOCTb, JJAKTO3a

OCHOBHBIMU KOPMO-0000BBIMH KyNbTypamu B Ka3zaxcraHne sBJISIOTCS JIOLEPHA U JIOHHHK.
JlrotiepHa siBRsieTCs: BEAyIEeH KOPMOBOM KYJIbTYpPO MHPOBOTO MaciiTaba, €€ UCIOIb3YIOT KaK JIst
KOPMJICHHSI CBE)KECKOILICHHOM 3eleHO Maccol, Tak M JUIs 3arOTOBKM cuioca M ceHaxa [1].
KynbpTypa oTinu4aercs 40ArojaeTueM, MHOTOYKOCHOCTBIO M JJA€T BBICOKUI YpOXKal 3€JIEHON MACCBHI.
Kopma u3 mouepHbl SBIAIOTCS HCTOYHMKOM PACTHTENBHOTO Oelka M KJIETYaTKH, COJepiKar
Kanpluil, Kanuii, Oera-kapoTuH, BUTaMuH K, BuTaMuHBI Tpynmnsl B, a Takke MuUKpO- U
MaKpO3JIEMEHTBI, M APYTHe TOJIe3HbIE BeleCTBa ISl )KUBOTHBIX [2,3].

He meHee BaxHOM KOPMOBOW KyNbTYpPOH SIBIIIETCS JOHHHUK, KOTOPBIM €HIE HEAOCTATOYHO
HIMPOKO HCHOJb3yeTcd B KopmolpousBoiacTBe KazaxcraHa. OTo BBICOKOypoOkaliHas KOpMOBast
KyJlIbTypa, HE YCTyHarollas JIOLEpPHE MO IUTATEIbHOM LEHHOCTH. [IpenmyinecTBOM JOHHMKA
ABJISIETCSL €r0  BBICOKAs DKOJIOTMYECKass IUIACTUYHOCTb, XOPOIIMM PpPOCT Ha 3aCOJICHHBIX U
MAaJIOIUIOZIOPOJIHBIX MTOYBAX, HAJIMYKME LIEHHBIX arpoOHOJIOTMYECKUX CBOWCTB, TAKUX KakK, BHICOKOE
coJepxkaHue Oellka, CIOCOOHOCTh K a30T(PMKCALUHU, 3aCyXOyCTOMYMBOCTH, 3MMOCTOMKOCTH W
CKOpOCIENIOCTh. Takke NMpU BBIPAIIMBAHWM JOHHHKA, 3a CYET Pa3IOKEHUs KOPHEBOW MacChl B
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IIOYBE, MOBBIIIAETCS COJAEPKaHUE TyMyca. Y CTaHOBJIEHO, YTO U3 PAaCTUTENbHONW MacChl TOHHUKA B
nouse obOpasyercst Ooijee 2 T/ra aktuBHOro rymyca [4]. Kpome TOro, NOHHHUK sBIsETCS
(UTOMENTNOPAHTOM U CIIOCOOCTBYET PACCOJICHHIO MOYB, UYTO KpaifHe BakHO g nouB Kaszaxcrana
[5,6].

[Tpu BbIpaIMBaHUM TOHHUKA U JIIOLIEPHBI CYIIECTBYIOT MPOOIeMa HU3KOH BCX0XKECTH CEMSH.
OTO CBA3aHO C TEM, YTO YacTb CEMSH 3TUX KyJbTyp HMMEET IIJIOTHYIO M TBEPAYIO 00O0JIOUKY,
NPEISITCTBYIOIIYIO MX BCXOXECTH, TaKUE CEMEHA Ha3bIBAalOT TBepAokameHHbiMu [7,8]. Ilons,
3acesiHHbIE JIOHHUKOM M JIIOLEPHOM, 4acTo Ha 1/4 ocTaroTcs MyCThIMH, TaK Kak U3 MOCESHHBIX
cemstH BcxoauT Tobko 30—40%, a B HEKOTOPBIX peruoHax - meHee 15-20% ceMsiH, 4TO IPUBOAUT K
pa3peKEHHOCTH [TOCCBOB U CHIDKCHUIO ypoxkaitHocTH KyibTyp [9,10].

CymecTBYIOT pa3IUyYHbIe CHOCOOBI TOBBIIMICHUS BCXOXKECTH CEMSH, Hambojiee 4YacTo
UCIIOJIb3YIOT MEXaHUUECKYI0 CKapu(UKaI0, OCHOBAHHYIO Ha IPUMEHEHHUE CIIEUAIbHBIX MAILIMH-
cKapu(UKaTOpOB, pa3pylIAOMIUX TBEPAYI 000104Ky cemsH. OpHakO TpU TNPUMEHEHUH
MEXaHUYECKOM CKapu(pHUKaILMK ITPOUCXOIUT MOBPEXkKAECHUE HE TOJBKO OOOJOYKH, HO M 3apojblila
CEMsSH, 4TO IMPUBOJUT K IUIECHEBEHHWIO U 3arHUBAHUIO CEMsSH M THOenu HpopocTKoB. Takxke
ckapudukanus TpedyeT 3HaUUTENbHBIX MaTePUAIbHBIX U SHEPTETUYECKUX PACXO/I0B.

B aroil cBs3u, pa3paboTka NPUEMOB MOBBIIEHUS BCXOXKECTH M YPOXKAMHOCTU KOPMO-
06000BBIX KyJIbTYp Ha OCHOBE OMOJIOTHYECKUX CIIOCOOOB MMEET BBICOKYIO aKkTyanbHOCTh. Hanbonee
3¢ (EeKTHUBHBIM OHOJIOTUYECKUM METOJOM SIBJISICTCS OOpabOTKa CEeMSH IIeILTFOIOIUTHISCCKUMU
Oakrepusimu. LlenmrononuTuueckue OakTepUM CHUHTE3UPYIOT 0coOble (EepMEHTHI - LEUII0Ja3hl,
KOTOpBbIE YaCTUYHO pa3pylIalOT TBEPAYIO OOOJIOUKY CEMsIH, Jejlas €€ MEHee IUIOTHOW s
IpOpacTaHus. DTOT MPOLECC 3aMEHAET MEXAaHUYECKYIO CKapU(UKALIUIO CEMSIH.

[lpu co3manum OMOYIOOpEHUS BaKHBIM (PAKTOPOM SBIISACTCS PEHATAO0EIBHOCTH €0
npousBojacTBa. OAHUM M3 IyTell CHW)KEHHUS 3aTpaT Ha €ro IMPOU3BOJACTBO SABISETCS HOJA00D
ONTUMAJIBHBIX UCTOYHHKOB MHUTAHUS JUISl TOBBIMIEHUS BBIXOJa OMOMAacchl OaKTEepHUil ¢ eIMHUIIBI
3aTpaynuBaeMoro yriepoaHoro cyocrpara.

[TutatenbHOM cpenoil Juisi KyIbTHUBHUPOBAHHUS LEJUIIOJIONIUTUYECKUX OaKTepuil SIBISETCS
JJIEKTUBHAs cpefa ['eTunHCcOHa, B KOTOPOH MCTOYHHMKOM YIJIEpOJA SABJISETCS INIIEHWYHAs COJIOMA.
[Ipu HapamuBaHuu Oromacchl 6akTepuil B pepMeHTEpaxX MPOU3BOICTBEHHOTO TUIIA 3TOT UCTOUHUK
yriepojia HCIOJIb30BaTh HEBO3MOXKHO, II03TOMY ObUI TPOBEAEH allbTEpPHATHBHBIN 1OI00D
UCTOYHUKOB yIJIEPOJHOTO mnHTaHus. Lleaplo JaHHOTO HcclenoBaHUsS — SIBJsUICA  110AOOp
ONTUMAJILHOTO HCTOYHHMKA YIJepoja Uil KyJIbTHMBMPOBAHUS LEIIIOJIONIMTHUECKUX OakTepuil ¢
MOBBILICHHBIM BBIXOJIOM OHMOMAacchl 3TUX OaKTepuUil € BBICOKOM aKTUBHOCTHbIO (DEPMEHTOB-
LEJUTI0TIa3.

MarepuaJjbl 1 METOABI

OOBEKTOM UCCIENOBAHUM CIY)KUJIUW TPH OTOOpPAaHHBIX IITaMMa IEJUTFOIOTUTHIECKUX
Oaktepuii (C-21(18)N, C-182K u C-21N2), moka3aBiIuX HaumOojee BBICOKHE pE3yJIbTaThl B
71a00paTOPHBIX U MOJIEBBIX OIbITAX.

KynbTUBHpOBaHNE MHUKpPOOPraHM3MOB IPOBOJMIM HA 3JIEKTUBHOW >KMIKOM INHUTATEIbHON
cpene I'erynHCcOHA TITyOMHHBIM cocoOOM Ha Kadajke co cKopocThio BpaumieHus 180 o6/muH B
kosibax Opnenmeitepa (750 mi) mpu obbeme cpeasl 250 mi. OnTUMaibHBIE HapamMeTphbl
KYJIbTUBHPOBaHUs OaKTepuil ompeiessif Mo KoiauyecTBy kojoHueobpasyrommx eaunul (KOE) B
1,0 M1 KyJIBTYypambHOM KUIKOCTH (THTP KIETOK).

Tutp GakTepHanbHON CYCHEH3UH ONPEAEIsIM METOI0M BbICeBa Ha MUTATENbHbIE Cpebl. s
9TOrO0 Ha IOBEPXHOCTb Aarapu30BaHHOM NUTATEIbHOM cpeabl B 4vamiku llerpu crepunbHON
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nurnetrkoi Hanocuiu 0,1 M COOTBETCTBYIONIIETO pa3BeleHHs] MUKpoopraHu3moB. [locne mocesa
yamku lletppy  momemanu B TepMocTarT Kpblikamu BHHU3. [lojicder BbIpOCHIMX KOJOHUMN
ocymecTBIsUIM yepe3 3-5 cyTok. [lonyueHHble TaHHBIE TOACTABILIN B (hOpMyITy:

M=Ax10"+V,

rae M - xonuuecTBO KJIETOK B 1 Mi; A - cpenHee KOJIMYECTBO KOJIOHMM IpU BBICEBE U3
JTAHHOTO pasBeleHus; V - o0beM CyCHeH3uu B MJ, B3SITOM g moceBa; 10 - xoadduument
pa3BeeHus; N - TOPSIKOBBI HOMep pa3BeaeHus [11].

Jns onpeneneHuss ONTUMAIbHOTO HMCTOYHUKA YTJIEPOJHOTO MUTAHUS KYJIbTYpbl OakTepuit
BolpauBasin  npu  temrneparype 30 °C um kucinorHoctu cpeasl pH 6,7-7,0. Hcrounukamu
YIJIEpOAHOr0 MUTaHUs ciykuiau rimokos3a (1,0%), makrosza (1,0%), BogopacTBOoprMasi HaTpUeBas
conb kapOokcumermiennoiaodbl (Na-KMI[ 2,0%) u mmenuynas conoma (2,0%). Bakrepun
BBIPALIMBAIM B TEPMOCTATHPYyeMOM Inelikepe npu 180 06/mun u Temneparype 30°C, 1IUMTENsHOCTD
KYJIbTUBMPOBaHUS cocTaBisia 96 yacos.

Jns ompeneneHus IEJUTIONIAa3HOW aKTUBHOCTU OaKTepUil HMCIOIBb30BAIM YAIICYHBIA METOJ,
OCHOBaHHBIM Ha CIIOCOOHOCTH KpacHUTEeNsi KOHIO-POT 00pa30BbIBaTh HEPACTBOPUMBIN KOMILIEKC C
HesTono30i. B arapuszoBaHHON cpene mnpoOuBanu JIyHKH, B KoTopele BHocuiau 0,1 wmi
JBYXCYTOYHON KYJIBTYPAIbHOM KHIKOCTH OakTepuil ¢ THUPOM 1x10° x/mn. Yamkn Iletpu
MHKYyOUpoBanu Ha npoTskeHnn 24 yacoB B Tepmoctate npu 30°C. [Tocne yero cpeny okpaiivBaiu
1% pacTBOpOM KOHTO-POT, BhLAEp)KUBaH 15 MuHyT U cMbiBaii 1 M pactBopom NaCl. B kauecte
KOHTPOJISI B JIYyHKM BHOCHJIM CTepWIbHYIO cpeny. LlemmronasHylo akTHBHOCTh OakTepuit
OTpEIETISUIN TI0 AUaMETPY 30H TUApou3a (30Ha MPOCBeTIIeHUs ) arapuzoBanHHou cpensl ¢ 0,1% Na-
KMII u Boipakanu ee B eq/mi. [12,13]. OO11yro 1e/UI0Ia3HyI0 aKTUBHOCTh OMPEACISUTH METOIOM
Mannensc-Bebepa [14].

buomaccy MUKpOOpraHuzMoB onpeaessiin HederoMeTpuuecku Ha crnekrpodotomerpe PD-
303 (“Apel”, Japan), Belpakanu B eIMHHIIAX ONTHYECKOW TtuIOTHOCTH (OTH. en. OIl) wu
MePEeCYNTHIBAIM 110 KaTOPOBOYHON KPUBOI Ha Bec abcomoTHO cyxoi 6nomaccel (ACB, r/m).

Craructudeckas 00paboTKa pe3yJbTaToOB MPOBOIUIIACEH C UCIIOJIB30BAHUEM TAKeTa MPOTrpaMm
«Statistica 10.0» [15].

Pe3yabTaTsl H 00Cy:KICHUE

Jlnsg  BelpamMBaHWsT MUKpPOOPTaHM3MOB B IPOU3BOJCTBEHHBIX YCJIOBHSIX HEOOXOAUMO
NpOBECTH TNOAOOp NHTATENbHBIX Cpel KyJIbTHUBMPOBAHUS MCXOJs M3 HUX NOTpeOHOCTEH B
NUTATENbHBIX  BEIIECTBAaX. OTU  BEIIECTBAa JIOJDKHBI  OOECHeurMBaTh  aKTUBHBIM  POCT
MHUKPOOPTaHU3MOB U BBICOKOE HaKoOIUIeHHEe Ouomacchl. Kpome Toro, mutarenbHble Cpeabl JUIs
KYJIbTUBHUPOBAHUSI MUKPOOPTaHU3MOB JIOJIKHBI CTIOCOOCTBOBATh CUHTE3Y OMOJIOIMYECKH aKTUBHBIX
BEIIIECTB, TAKUX KaK ()epMEHTbI, BATAMUHBI U aHTUOMOTHKH.

[TonGop HCTOYHMKOB MHUTAaHUSA TPOBOJIWICS MO CIEAYIOUIMM IapamMeTpaM: HAaKOILJICHHE
O6uomacchl U aKTUBHOCTH (hepMEHTOB Iieiutona3. llemmonazHas akTUBHOCTb OakTepuil sBIsETCS
OJTHUM ¥3 OCHOBHBIX HWHJIUKATOPOB TpH  pa3paboTke OWOymOOpeHHsi Ha  OCHOBE
HEJUTIOJIONIMTHUECKUX OakTepuil /sl MOBBIIIEHHUS BCXOXECTU CEMSIH KOPMO-000O0BBIX KYJIBTYD.
@epMeHTHI-LEIUTI0NAa3bl  YaCTUYHO Pa3pylIaloT TBEPAYK OO0OJOUKY CeMsiH, oOjeryas Hx
IIpOpacTaHue, U, TEM CaMbIM, MIOBBIIIAs BCXOKECTb.

Jns mnoaGopa HCTOYHUKOB YIJIEPOAHOrO MUTAaHUS Ui OakTepuil  HCMONb30BalId
nuTaTeNnbHylo cpeay ['eTunmHcoHa ¢ TiroK030M, jakTo30M, Na-KMIL[ u mimeHn4Hoil COIOMOM.
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bakrepun BelpanuBagyd B TEPMOCTATUPYEMOM IIECHKEpPE, IIOCIIE OKOHYAHMS KYJIbTUBUPOBAHMS
OIIPe/IeIISUTM HAaKOIUICHHEe OMOMAacChl M aKTHBHOCTH LIEJUTIOJa3. buomaccy GakTepuii BhIpakaid B
/1 abcomoTHO cyxoit Ouomaccsl (ACB).

Pe3ynbTaThl 10 HAKOIUICHUIO OMOMAcchl OAKTEpHSIMH HPU POCTE HA Pa3HBIX HCTOYHHMKAX
yriiepojia peCTaBICHbI Ha PUCYHKE.

4 -

3,5

Buomacca, r/n

@ C-21(18)N
0,5 - O C-182K

@ C-21N2

Na-KML| [ntoko3a JlakTto3a [NweH. conoma

WcTouHmkm yrnepoaa

PI/ICYHOK - Hakomenue 6momacchl OCIITIOJIOJIUTUYCCKUMHA 6aKTepI/I${MI/I npu
KYJIbTUBUPOBAHHNU HA MUTATCIIBHBIX CPCaxX C pa3HbIMHA UCTOYHUKAMU YIJICpOaa

Ha pucynke BHJIHO, 4TO MaKCHMaJIbHOE HAKOILICHHUE OMOMAcChl OTMEYEHO Ha MHUTATEIHHOU
cpelie C MIIIEHUYHON COIOMOM, B3SITOW B KaueCTBE MCTOYHUKA YIiIepoia, U OHO cocTaBisiio 3,1-3,2
I/, MUHUMaJIbHOE HAKOIUIEHWE OWoMacchl OBLIO HA THTATEIBHOW Cpene, TIe B KadecTBE
UCTOYHUKa yraepoga wucnonszoBamu Na-KMIL[ (1,6-1,7 r/m). Hakoruienue Ouomacchl Ha
MATATEIIGHON Cpejie ¢ JIAKTO30M OBLIIO HECKOJIBKO HIKE, YeM Ha Cpejie C MIICHUYIHON COJIOMOU, 1
cocrasmsuio 2,7-2,9 r/1.

W3ydenne BIMSHUS WCTOYHWUKOB YIIIEpoJa Ha IEIUTIOJIA3HYI AaKTHBHOCTh OakTepuid
MIPUBEJICHO B TaONUIIE.
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Tabmuua - Lennronasnas akTUBHOCTh OaKTepuil MU KyJIbTUBUPOBAHUH HA MUTATEIBHBIX Cpeaax ¢
pa3sHBIMU HCTOYHUKAMH yIIIepoa

Llemmrona3xnas akTHBHOCTb,

Hctounuk Konuentparus, /M

0,
yrepona o C-21IN2 C-182K C-21(18)N
[Tmennyunas
CoNoMa 2,0 5,4+0,01 5,4+0,03 5,5+0,01
I'mroko3a 1,0 4,4+0,01 4,0+0,01 4,24+0,01
JlakTo3a 1,0 5,5+0,02 5,3+0,03 5,4+0,02
Na-KMI] 2,0 4,8+0,01 4,6+0,01 4,7+0,01

[Tpumeuanue - ypoBeHb TOBEpUTEIBbHOM BeposiTHocTH p<0,01

Hccnenoanus nokasanu (Tadauia), YT0 MaKCUMajIbHas IEJUTI0a3Hass aKTUBHOCTD IIITAMMOB
BBISIBJICHA Ha IHTATSIBHOH cpeie C IMIIEHUYHOH COJIOMOM, 4YTo coctaBmwio 5,4-55 en/mi,
MUHHMAJIbHAS - Ha cpejie ¢ IoKo3oi - 4,0-4,4 en/mit.

VYcTaHOBIIEHO, YTO MpU poCcTe OakTepUil HAa MUTATEIBLHOW Cpelle C JaKTO30M LeJUIroa3Has
AKTUBHOCTH COCTaBJsIa 5,3-5,5 en/mMa U ObL1a MPAKTUYECKU PABHOW aHATIOTHYHOMY IOKA3aTelro
IpU pocTe OaKTEepUi Ha MUTATEIBHOU CpeJie ¢ MILICHUYHOH conomoit (5,4-5,5 en/min).

3ak/aoueHue

Takum oOpa3oM, TpoBeJieH MOAOOpP UCTOYHUKOB YTIICPOIHOTO MUTAHUS VIS TPEX Hambosee
MEPCIICKTUBHBIX MITAMMOB IICJUTIOJIOIUTHYCCKUX OaKTepwii. YCTaHOBJICHO, YTO MaKCHMAalIbHOE
HAKOIUICHHE OMOMAacChl OAKTEPUSIMH MPOMCXOIUT HA MUTATEIBLHOM Cpejie C MIICHUYHON COJIOMOM.
Hakorierre 6moMacchl Ha TUTATEIILHOM CPeJie C JIAKTO30M OBUIO HECKOJILKO HIKE U COCTAaBIISIIO
2,7-2,9 1/1, HO aKTMBHOCTH LIEJUIIONIa3 TMPHU BHIPALNIUBAHUU OaKTepwili HAa JTUX HUCTOYHUKAX
yriaepoja OblUla MpakTHUecku paBHOW. OpHAKO TpH HapalnuBaHWM OWOMacchl OakTepuUi B
dbepMeHTepax NPOU3BOACTBEHHOTO THIIA TIIEHUYHYIO COJIOMY HEBO3MOXXHO HCIOIB30BaTh B
KauecTBE WCTOYHHMKA yriepoaa. B CBS3W ¢ 3THM, IS KyJIbTHBHUPOBAHUS IEIUTIOIOIATHICCKIX
OakTepuii B KaUeCTBE UCTOYHHKA YTIepoaa 0TOOpaHa JaKTo3a.

HccnenoBanue BBIONHEHO NpH (UHAHCOBOW TOAJep)KKe MuHHUCTEpCTBa 0O0pa3oBaHUS U
Hayku PecrryOnmukum Kazaxcran B pamkax rpantoBoro npoekra AP08855656.
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TeMeH OoJabl skoHe 2,7-2,9 1/1m Kypaasl, 6ipak ocbl KeMipTeK Ke3AepiHae OakTepusuIapAsl ecipy KesiHaeri
IeJUTIONTa3IapAsIH OenceHaimri Oipaedt mepmik Oonmbl. Ajnaidima ©HmIPICTIK THIITET1 (epMeHTaTopiapaa
OakTepusiapAblH OMOMaccachlH YIFalTy Ke3iHae Oupail cabaHbIH KeMIpTeri Ke3i peTiHme maiinanaHyra
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SELECTION OF CARBON FEED SOURCES FOR CULTIVATION
OF CELLULOLITIC BACTERIA

Summary

The main fodder and legume crops in Kazakhstan are alfalfa and sweet clover, but when growing
them, there is a problem of low seed germination. To increase the germination and productivity of these
crops, the most promising is the use of a biological method based on the use of cellulolytic bacteria. To
create a biofertilizer based on these bacteria, a high profitability of its production is required. One of the
ways to reduce the cost of fertilizer production is the selection of optimal nutrition sources to increase the
yield of bacterial biomass. The purpose of this study was to select the optimal carbon source for the
cultivation of cellulolytic bacteria and to obtain an increased yield of biomass with a high activity of
cellulase enzymes. The selection of sources of carbon nutrition for three strains of cellulolytic bacteria was
carried out. It was established that the maximum accumulation of bacterial biomass was noted on the
medium with wheat straw. The accumulation of biomass on the medium with lactose was somewhat lower
and amounted to 2.7-2.9 g¢/l, but the activity of cellulases when growing bacteria on these carbon sources
was almost equal. However, when increasing the biomass of bacteria in production-type fermenters, wheat
straw cannot be used as a carbon source. Therefore, for the cultivation of cellulolytic bacteria, lactose was
selected as a carbon source.

Keywords: cellulolytic bacteria, cultivation, carbon sources, cellulase activity, lactose

The main forage and legume crops in Kazakhstan are alfalfa and sweet clover. Alfalfa is the
world's leading fodder crop; it is used both for feeding freshly cut green mass and for harvesting
silage and haylage [1]. The culture is distinguished by longevity, multi-cutting and gives a high
yield of green mass. Alfalfa feed is a source of vegetable protein and fiber, contains calcium,
potassium, beta-carotene, vitamin K, B vitamins, as well as micro and macro elements, and other
useful substances for animals [2,3].

An equally important crop is the sweet clover, which is not widely used in the fodder
production of Kazakhstan. This is a high-yielding fodder crop, which is not inferior to alfalfa in
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terms of nutritional value. The advantage of sweet clover is its high ecological plasticity, it grows
well on saline and infertile soils, has a number of valuable agrobiological properties, such as high
protein content, ability to fix nitrogen, drought resistance, winter hardiness and early maturity.
Also, when growing sweet clover, due to the decomposition of the root mass in the soil, the humus
content increases. It has been established that more than 2 t/ha of active humus is formed from the
plant mass of sweet clover in the soil [4]. Also, sweet clover is a phytomeliorant and promotes soil
desalination, which is extremely important for the soils of Kazakhstan [5,6].

When growing sweet clover and alfalfa, there is a problem of low seed germination. This is
due to the fact that some of the seeds of these crops have a dense and hard shell that prevents their
germination; such seeds are called hard stone [7,8]. Fields sown with sweet clover and alfalfa often
remain 1/4 empty, since only 30-40% of the sown seeds germinate, and in some regions less than
15-20% of the seeds, which leads to sparse sowing and a decrease in crop yields [9, ten].

There are various ways to increase the germination of seeds, the most commonly used is
mechanical scarification, based on the use of special scarifying machines that destroy the hard shell
of seeds. However, when using mechanical scarification, damage occurs not only to the shell, but
also to the seed embryo, which leads to mold and decay of the seeds, and the death of seedlings.
Also, scarification requires significant material and energy costs.

In this regard, the development of methods for increasing the germination and yield of fodder
legumes based on the use of biological methods is of high relevance. Cellulolytic bacteria are most
suitable for developing a biological method for increasing germination. These bacteria synthesize
special enzymes - cellulases, which partially destroy the hard seed coat, make it less dense and the
seed sprout germinates easily. This process replaces the process of mechanical seed scarification.

When creating a biofertilizer, an important factor is the profitability of its production. One of
the ways to reduce the cost of biofertilizer production is the selection of optimal food sources to
increase the yield of bacterial biomass per unit of spent carbon substrate.

The nutrient medium for the cultivation of cellulolytic bacteria is the Hutchinson elective
medium, in which the source of carbon is wheat straw. When increasing the biomass of bacteria in
production-type fermenters, this carbon source cannot be used; therefore, a selection of carbon
nutrition sources was carried out. The purpose of this study was to select the optimal carbon source
for the cultivation of cellulolytic bacteria and to obtain an increased biomass yield of these bacteria
with a high activity of cellulase enzymes.

Materials and methods

Three selected strains of cellulolytic bacteria (C-21(18)N, C-182K and C-21N2) served as the
object of research, which showed the highest results in laboratory and field experiments.

The cultivation of microorganisms was carried out on the elective liquid nutrient medium of
Getchinson by the deep method on a shaker with a rotation speed of 180 rpm in Erlenmeyer flasks
(750 ml) with a medium volume of 250 ml. The optimal parameters for cultivating bacteria were
determined by the number of colony forming units (CFU) in 1.0 ml of culture fluid (cell titer).

The titer of the bacterial suspension was determined by seeding on nutrient media. To do this,
0.1 ml of the appropriate dilution of microorganisms was applied to the surface of the agar nutrient
medium in Petri dishes with a sterile pipette. After inoculation, the dishes were placed in a
thermostat with the lids down. The colony growth was counted after 3-5 days. The data obtained
were substituted into the formula:

M=A x10n+V,
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where M is the number of cells in 1 ml; A - the average number of colonies when seeded
from a given dilution; V is the volume of the suspension in ml, taken for inoculation; 10 - dilution
factor; n is the serial number of dilution [11].

To determine the optimal source of carbon nutrition, bacterial cultures were grown at a
temperature of 30°C and pH 6.7-7.0. Glucose (1.0%), lactose (1.0%), water-soluble sodium
carboxymethylcellulose (Na-CMC 2.0%) and wheat straw (2.0%) served as sources of carbon
nutrition. The bacteria were grown in a thermostatically controlled shaker at 180 rpm and a
temperature of 30°C, the duration of cultivation was 96 hours.

To determine the cellulase activity of bacteria and identify effective strains, a plate method
was used, based on the ability of the Congo-rot dye to form an insoluble complex with cellulose.
Wells were punched in an agar medium, into which 0.1 ml of a two-day culture liquid of the
studied bacterial strains with a titer of 1 x 10® cells/ml was added. Petri dishes were incubated for
24 hours in a thermostat at 30°C.

After that, the medium was stained with 1% Congo-rot solution, kept for 15 minutes, and
washed off with 1 M NaCl solution. Cellulase activity was assessed by the diameter of the cellulose
hydrolysis zone (clearance) around the wells. As a control, sterile medium was instilled into the
wells. The cellulase activity of bacteria was determined by the diameter of the zones of hydrolysis
of the agar medium with 0.1% Na-CMC and expressed in U/ml. [12,13].

The total cellulase activity was determined by the Mandels-Weber method [14].

The biomass of microorganisms was determined nephelometrically on a PD-303
spectrophotometer (Apel, Japan), expressed in units of optical density (rel. OD units), and
recalculated according to the calibration curve to the weight of absolutely dry biomass (ASB, g/L).

Statistical processing of the results was carried out using the Statistica 10.0 software package
[15].

Results and discussion

For the cultivation of microorganisms in industrial conditions, it is necessary to select culture
media based on their nutrient requirements. These substances must ensure the active growth of
microorganisms and a high accumulation of biomass. In addition, nutrient media for cultivating
microorganisms should promote the synthesis of biologically active substances, such as enzymes,
vitamins, and antibiotics.

The selection of food sources was carried out according to the following parameters:
accumulation of biomass and activity of cellulase enzymes. The cellulase activity of bacteria is one
of the main indicators in the development of biofertilizer based on bacteria to increase the
germination of seeds of fodder legumes. Since, it is these enzymes that partially destroy the hard
shell of seeds, make it easier for germination, and, thereby, increase their germination.

To select sources of carbon nutrition for bacteria, Hutchinson's medium with glucose, lactose,
Na-CMC, and wheat straw was used. Bacteria were grown in a thermostatically controlled shaker;
after bacterial cultivation, biomass accumulation and cellulase activity were determined. Bacterial
biomass was expressed in g/l absolutely dry biomass (ADB).

The results on the accumulation of biomass by bacteria on different carbon sources are shown
in the figure.
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Figure - Accumulation of biomass by cellulolytic bacteria during cultivation on media with
different carbon sources

The figure clearly shows that the maximum accumulation of biomass by bacteria was noted
on the medium with wheat straw, taken as a carbon source, and it was 3.1-3.2 g/l, the minimum
accumulation of biomass was on the medium with Na-CMC (1, 6-1.7 g/l). The accumulation of
biomass on the medium with lactose was somewhat lower than on the medium with wheat straw,
and amounted to 2.7-2.9 g/L.

The study of the influence of carbon sources on the cellulase activity of bacteria is given in
the table.

Table - Cellulase activity of bacteria during cultivation on media with different carbon sources

Source Concentration, Cellulase activity, U/ml

of carbon % C-21IN2 C-182K C-21(18)N
Wheat straw 2,0 5,4+0,01 5,4+0,03 5,5+0,01
Glucose 1,0 4,4+0,01 4,0+0,01 4,2+0,01
Lactose 1,0 5,5+0,02 5,3+0,03 5,4+0,02
Na-CMC 2,0 4,84+0,01 4,6+0,01 4,7+0,01

Note - confidence level p<0.01

Studies have shown (table) that the maximum total cellulase activity of the strains was noted
on the medium with wheat straw and it was 5.4-5.5 U/ml, the minimum on the medium with
glucose was 4.0-4.4 U/ml.
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It was found that during the growth of bacteria on a medium with lactose, their cellulase
activity was 5.3-5.5 U/ml and was almost equal to that of the growth of bacteria on a medium with
wheat straw (5.4-5.5 U/ml).

Conclusion

Thus, the selection of sources of carbon nutrition for three strains of cellulolytic bacteria was
carried out. It was established that the maximum accumulation of biomass by bacteria was noted on
a medium with wheat straw. The accumulation of biomass on the medium with lactose was
somewhat lower and amounted to 2.7-2.9 g/l, but the activity of cellulases when growing bacteria
on these carbon sources was almost equal. However, when increasing the biomass of bacteria in
production-type fermenters, wheat straw cannot be used as a carbon source. Therefore, for the
cultivation of cellulolytic bacteria, lactose was selected as a carbon source.

The study was financially supported by the Ministry of Education and Science of the
Republic of Kazakhstan within the grant project AP08855656.
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