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AHHOTAIIUSA

B cratne IMPUBEACHBI PE3YyJIbTAaTbl MCCJICAOBAHHUA CKPUHHUHIA BBICOKOAKTHBHOI'O IITaMMa
Aspergillus niger 355 s ganpHEHIIIET0 HCIIOIb30BAHUS B KOPMOIIPOM3BOACTBE. KyIbTypy BhIpaniuBaim
B TeueHne 45 CyTok npu Temmeparype 26-28'C Ha ONTHMH3MPOBAHHON paHee MUTATENBHON Cpee.
YcranoBneHo, 4To mocie 6-9 CyTOK KyJIbTHBHpPOBaHUS HaOmofaercsl crabuin3anus OMOCHHTE3a
¢depmenTta. Hanbomnbimas nemirona3Has akTHBHOCTh HaOmoanach Ha 9, 18 u 45 cyTku KyIbTUBUPOBAHUS.
AKTHBHOCTb [IEJUTIONA3kI BapbupoBana ot 1,63 mo 3.5 ex/mur.

[lpu nepuoauyeckom sxe KyibruBupoBanuu Aspergillus niger 355 makcumym oOpazoBaHust
¢depmenTa HabmrOAANCS Ha 3 CyTKH U cocTaBmi 1.63 en/MIT ¢ TOCTIeAyIONHM MmajeHneM (hepMeHTaTUBHOM
AKTUBHOCTH.

KaueBblie ciioBa: KoMOMKOpM, miesutionasa, Aspergillus, cemexrus, 6nocunTe3

OcHOBY KOMOHMKOPMOB JUIsl NTHUIIBI COCTaBJISIOT CE€MEHa 3€pPHOBBIX M 3€pHOO0OOBBIX
KYJBTYp, SBISIONIMECS OCHOBHBIMM MCTOYHUKAMM TIHMTATENbHBIX BeIIECTB M dHepruu [1].
OpHako 3epHOBBIE KOpMa, Hapsly C TNHUTAT€IbHBIMU M OMOJOTMYECKH AKTHBHBIMHU
COCJMHEHUSIMHU, COJIEep’KaT AHTUIMTATENIbHBIE BEIIECTBA: HEKPAXMAaJUCTbIe IOJIMCaXapHIbl,
¢uTaThl, HHIMOUTOPHI MUIIEBAPUTENIBHBIX (EPMEHTOB, TJIMKO3U/IbI, AJIKAJIOU]Ibl, TAHUHBI U JIp.
OTu BenlecTBa yXyALIAI0T IEPEBAPUBAEMOCTb KOPMa, CHUKAIOT €70 KOHBEPCHUIO.

B kenyao4yHO-KMIIEYHOM TPAKTE CEJIbCKOXO3SHCTBEHHBIX JKUBOTHBIX OTCYTCTBYIOT
(bepMeHThbI, KaTaJU3UpPYyIOIIUe JAErpajallio KJIEeTYaTKH — OCHOBHOIO HEKPaxMalluCTOro
noJiucaxapuja BXOJAIIEro B COCTaB KOpMa U SIBISIOLIErOCS aHTUNMTATENbHBIM (akTopoMm. B
KAIIEYHUKE  pacTBOpUMAas  KJeT4aTKa MOXET  OOpa3oBbIBaTh  BBICOKOBSI3KHME  T€IH,
yBEJIMYUBAIOIME O0BEM M MacCcy XHMMyca U 3aMEISIONIME CKOPOCTh €ro MpOXO0XKJIEHU,
IPOHUKHOBEHHE ()EPMEHTOB U IEpEeBAPHBAHME, YTO NPUBOJUT K 3aTPYIHEHHIO IPOLECCOB
BCaChIBAHUS MMUTATEIbHBIX BEIIECTB, [2-4].

Haubonee s¢ddexkTuBHBIM perieHneM MpoOsieMbl AErpafallid  TPYIHOTHIPOIU3YEMbIX
pacTUTENIbHBIX  OCTAaTKOB, TMOJIHATUS  INEPEBAPUBAEMOCTH U OOOrameHuss KOpPMOB
JIETKOYCBOSIEMBIMHM UCTOYHHKAMHM YTJIepoJa sIBIIETCS IPUMEHEHNE B KauecTBe J00ABOK K KOPMY
HK30T€HHBIX (PEPMEHTOB MUKPOOHOTO MPOMCXOXKIEHHUS, KOTOPHIE CIIOCOOCTBYIOT pa3pyLICHHUIO
KJIETOYHBIX CTEHOK pAacTeHUH, THAPOIM3Yys KPYIHBIE MOJIEKYJIbl  HEKpaXxMaJHCTBhIX
MOJINCAXapUA0B, YTO, B KOHEYHOM cuYeTe, OO0ecleyuBaeT YIydllleHue IepeBapuMOCTH
MIUTATEJIbHBIX BEIIECTB.

Haubonee mnepcnekTUBHBIMU MPOIYLEHTAMHU IEJUTI0I030pa3pylalomux  (EepMEHTOB
SIBJISIFOTCSL MULICITUANIBHBIE TPUOBI Aspergillus, Penicillium u Trichoderma [5-7]. Jlonroe Bpems
pPOCT TPOU3BOJCTBA (PEPMEHTHBIX MPENapaToB CAEPKHUBAJICA H3-3a OTCYTCTBUS aKTHUBHBIX
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IITAMMOB MHKPOOPTaHW3MOB. [l09TOMy 3amada TOJy4EHHs BBHICOKOAKTHBHBIX IITAMMOB
IPOIYIICHTOB (DEPMEHTOB SIBJISIETCS TEPBOOYEPETHON U aKTyaTbHOM.

[lenpt0 JaHHOTO WCCIIEOBaHMs OBLIO CEJNEKIMOHHOE YIyYlieHHe (EepMEHTATHBHBIX
CBOMCTB MHKpOcKonudeckoro rpuda Aspergillus niger 355 — npoayiieHTa mesuioassl.

O0BbeKThI 1 MEeTOAbI HCCIIeJ0BAHUS

O0ObexkToM wmccienoBanuii ciyxkuin mramm A. niger 355 u3 komnekiun TOO «HIII]
MUKpOOMOJIOTUM W BHUpPyCOJOruu». B paboTe  HCHOIB30BATUCH  OOIICTIPHHSITHIC
MUKpPOOHOJIOTUYECKHE M OHOXMMHUYECKHE METOJbl HccleoBaHul. VcXoaHylo KyIabTypy
BBIpAIlMBAIA Ha ONTHMHU3UPOBAHHOW paHee MUTaTelnbHOU cpene Yameka, comepikauntyto (B r/m):
caxaposy — 10; (NH4),HPO4 (0,15%) — 9; KCI — 0,5; MgSO, — 0,5; KH,PO,4 — 1; FeSO, — 0,001;
nektud — 1 r/100 mur.

Jlns BBISBIEHUS AKTUBHOTO BapHaHTa, CHOPMHUPOBAHHOIO Ha MOJJIOKKE, MPOBOAUIU
0TOOp HM30JIATOB B pa3Hble MEPHOIBl JUIUTEIBHOTO KYJIBTUBUPOBAHHS, AT YEero OTOMpanu
uzomsITel Ha |, |l U mocnexyromux sTanax KyJlbTUBHPOBAHUS, CBSI3aHHBIX C MEPUOIMYHOCTHIO
CHSITUSI MUIIENIUS C MOJUI0KKU. [IpoObl 0TOMpaIy myTeM BBIIUIIBIBAHUS MULIEIHS C TIOBEPXHOCTHU
U U3 MIYOMHBI MMMOOHWIIM30BaHHOM CTPYKTYphl. ['OTOBMIIM CyCIIEH3HIO KJIIETOK B KOHLIEHTPALIUU
170 000 konmamii B 1 M Ui pacceBa Ha arapu3OBaHHYIO MHUTATENbHYIO cpeny. IlomydeHnyro
B3BECh — OOpBIBKM MHULENHS, OIWMHOYHBIC KJIETKH U KIETKH, COOpaHHblE B IICTOYKH,
GmIbTpOBAIM Yepe3 CTEKISAHHBIA (DUIBTP C MHOTOCIOWHON CTEpHIBbHON (UIBTPOBATBEHON
OyMaroi B CTEpUIIbHYIO MPOOUPKY. PUIBTPOBAHHYIO B3BECh PA3BOJIMIIN CTEPHIIBLHON BOJIOH 10
HY)KHOU KOHIeHTpaluu B cootHomenuu 1:1000, 1:10000, 1:100000, 1:1000000 u BbiceBanu Ha
arapu3oBaHHyl0 cpeny B yamku [lerpu. B kaxnayro wamky BHocuiu mo 0,1 mi pasBeneHHOI
B3BECH, KOTOPYIO PacCTHpaIM Ha MOBEPXHOCTH arapu30BaHHOMN Cpeibl C OMOUIbIO CTEPUIIHLHOIO
mrarens. 3acesHHble YallKd WHKYyOupoBaiu B TedeHue 3-6 cyrok mpu 28-30°C. Ilocne
MHKYOalMM MPOBOJAMIM MOJCYET BBIPOCIIMX Ha dvamikax KosioHuil. IloiyueHHble BapHaHTBI
BBIICTSUIM B YHCTYIO KYJIBTYPY, KOTOpBIE 3aT€M BBIPAIIMBAIMA B MEPUOJUYECKUX YCIOBUAX B
TedeHue 3-4 CyTOK B JKUIKOM MUTaTeNnbHOM cpene. B moiydeHHON KynbTypalbHOM KHAKOCTH
OIPEACIISAIN AKTUBHOCTD LIEJIII0JIa3bL.

Omnpenenenne akTUBHOCTH LeJUTI0030paspymatomux pepmentos nposoguiu no 'OCTy
31662-2012 [8]. Meron OCHOBaH Ha KOJMYECTBEHHOM OIPEJEICHUH BOCCTAHABIUBAIOIINX
caxapoB, OOpa3ylolIUXCsl NpHU JAEUCTBUU (PEPMEHTOB IEJITIOJIOIMTHUECKOTO KOMIUIEKCa Ha
HaTpueBylo coib KapOokcumerminemtonaosdsl (Na-KMII). Coaepikanue BOCCTaHaBIMBAIOLIMX
caxapoB, oOpasyloomuxcs B  pe3yibTaTe  (PEpPMEHTATUBHON  peakIuu,  OINpeAeIisun
CHEKTPO(POTOMETPUUECKMM METOJIOM C PEAKTUBOM JieHUuTpocanuumioBoi kuciaotel (IAHC).
Pacuer (¢epmeHTaTHBHON aKTHMBHOCTM MPOBOJWJIM IO TPaAyUpOBOYHOMY TIpaduky,
IIOCTPOEHHOMY JJIS TJIFOKO3BI.

PeaktuB JluautpocanummioBas kwuciota (JAHC) c maccoBoit nomeit 1% roToBmwim
cnenyromuM oopasom: B crakan BMecTuMocThi0 1000 ma BHocunu 10,0 r JIHC, no6asnsu 400
MJT JUCTUJUTMPOBAHHOW BOJIbI U MEpeMEIINBalIi HA MarHUTHOM Memlalike B TeueHue 25-30 MuH,
IpY KOMHATHOM TeMIeparype. 3aTeéM IOCTENEHHO, IpU IOCTOSHHOM IE€pEMEIINBAHNH,
nobasmsiin 150 M pactBopa ruzapookucu Hatpust (10,7%-it NaOH). Ilpu stom okpacka
pacTBOpa MEHsUIach OT CBETJIO-XKENTOH 10 sApKo-3eaeHOW. CTakaH C MOIY4YEHHBIM PAacTBOPOM
MOMEIIAJIA B BOJIIHYIO OaHI0 ¢ Temmepatypoi 47+1°C u mocteneHHo, HeOOJbITUMHU TTOPIUSIMU
no6asysmn 300 © BUHHOKHCIIOrO Kanusg-HaTpus. IlepememmBanue MpoaoiKald 0 IOJHOTO
pacTBopeHusl peakTuBa. PacTBOp oxyiakaaM XOJIOJHOM BOAOW JO KOMHATHOM TeMmIepaTypbl U
noo 006eM 10 1000 M1 AUCTUITHPOBAHHON BOJIOM.

AHanu3 TMNpoBOIWIM B JIBYX NapajulelbHBIX onpeneneHusx. Jlns ompeneneHus
EJUTIOJIA3HOM aKTUBHOCTH OJTHOTO BapHaHTa MCIOIb30BAIM TPHU MPOOUPKH (2 ONBITHBIE U OAHY
KOHTPOJIbHYIO), B KOTOpble BHOCHIHU 1O 1 mi cybctparta u tepmocratupoBanu npu 50+1°C B
TedeHWe S5 MuHYT. B 7Be ombITHble MpoOMpKM BHOCWIM TOo 1 Mi pabGoyero pacTtBopa
depmenTHoro npenapara. CoxepkuMoe MPOOUPOK TIIATEIBHO MEPEMENIMBAIINA U BBIIEPKUBAIH
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npu temreparype 50+1°C B teuenune 10 munyt. [locne nmpoBeaeHust ruiposin3a B ABE OMBITHBIC
npobupku BHocuiu 1o 3 mi peaktusa JJHC, B TpeTbio mpoOUpKy (KOHTPOJIbHYIO) 100aBiIsu 3
ma peaktmBa JIHC m 1 ™a pabouero pacTBopa mpemapara. 3aTeM CMECH TIIATEIbHO
NepeMEIIMBAIN U TIOMEINAIN B KHUIIALIYIO BOISHYIO OaHIO HA 5 MUH, IIOCJIE YETO OXJIAXKAAIH 10
KOMHATHOU TeMmrieparypbl. ONTHYECKHE IUIOTHOCTH OIBITHBIX M KOHTPOJIbHBIX NMPOO HU3MEpsIIH
Ha cniektpodoromerpe PD-303 UV (dupmer Apel, SAnonus) npu amune BonHbl 540 HM MPOTUB
KOHTPOJIbHOH TpoObl Ha peakTuBbl. llemmononuTudyeckyro aktuBHOCTH KMIIA, en/r, B
(dbepMeHTHOM Tpenapare BRIYUCISUIN 10 (opMyIie:

Co + Ck
KMIJA = —
rne Co — MomsgpHas KOHILIEHTpPAIUs TJIOKO3bl B ONBITHOH mpo0Oe, HaiijieHHas 10
IpagyupoOBOYHOMY IpaduKy, MKMOJIB/CM®;
Ck - MouisipHas KOHLEHTpalusi TIJIIOKO3bl B KOHTPOJBHOW Ipo0e, HaiilieHHas IIo

rpagyupoBOYHOMY rpaduky, MKMOJIB/CM®;

t — mpooIKUTENBHOCTD rUuApoIin3a, MuH (10 Mun);

C — MaccoBasi KOHIIEHTpalus jepMEeHTHOTO MpernapaTa B peaklIuOHHOW CMecH, r/em’,

CrarucTudeckyo o0paboTKy pe3ysIbTaToOB MCCISAOBAHUN MTPOBOIAMIN 110 OOMICTIPUHSATHIM
KPUTEPUAM BapHUAlMOHHO-CTATUCTUYECKOTO aHallM3a C BBIUMCICHHEM CpeAHHX BenuduH (M),
omuOKK cpenHed apudmerndeckoi (m) ¢ IMOMOIIBI0 IMAKeTa KOMITBIOTEPHBIX MPOTPaMM
Microsoft Excel, 2010. OreHKy CTaTUCTHYECKOW 3HAYMMOCTH Pa3IUYUil CPEIHUX BEIUYUH
MPOBOJMIM MO CTaHAapTHOM wmeroauke, onucanHod C. [manmom [9]. Cratuctudecku
3HaYUMBIMU cuuTaIu paznuuus ¢ p<0,05.

Pe3yabTaTsl H 00Cy:KICHUE

C nenpio u3yueHus GpepmeHTooOpasyroieii cmocoornoctu A. niger 355 Ha pa3HbIX dTanax
JUTUTEIBHOTO KYyJbTHBUPOBAHUS MPOJIYIICHT BBIPAIIMBAIN B T€YCHUE 45 CYTOK IpH TeMIlepaType
26-28°C Ha ONTHMU3HPOBAHHON paHee MATATENBHOI cpene (prcyHOK 1).
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PI/ICYHOK 1 — AKTUBHOCTH LSIUTIOJIa3bI IIPHU JJIMTEJIBHOM U IEPUOANYCCKOM KYJIbTUBUPOBAHUN

Aspergillus niger 355

NmmoOmm3anust KyabTypbl Ha TOAJIOXKKE CO3/AeT YCIOBHUS JJIsl HENPEpPhIBHOTO H
JUIUTEILHOTO, Ha MPOTSLKEHUU 45 CyTOK, moiydyeHus 1eneBbix (epmentoB. [Ipu nposenenuu
JUINTEIBHOTO KYJbTUBUPOBAHUSA YCTaHOBJIEHO, YTO TMocie 6-9 CyToK KyJIbTUBHUPOBAaHUS
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HaOmomaeTcss  crabunu3anuss B oOpasoBaHuu  ¢epmeHToB. Hambonpmmii  OuMocHHTE3
[EJUTI0N030pa3pymarmmx (GepMeHToB HabmogaeTess Ha 9, 18 u 45 CyTKM KyTbTUBHUPOBAHUA.
AKTUBHOCTb LI€JUTIOJIA3bI BapbupoBaia ot 1,63 no 3,5 en/mi (pucynok 1). Ilpu nepuognyeckom
K€ KYIbTHBHPOBAHUU TIOJIYyUICHHOM accolMallid MaKCHMyM o00pa3oBaHus (EPMEHTOB
HaOmogaeTcs Ha 3 cytku (1,63 en/mi) ¢ mocnenyomuM NajeHUeM aKTUBHOCTH K 5-6 CyTKam
KYJIbTUBUPOBAHUS.

[Ipu nnuTEeNnbHOM BBIPAIIMBAHMM MMMOOMJIM30BaHHBIX MUKPOOPTaHW3MOB Ha IMOJIOKKE
dbopMupyeTcss MHOXKECTBO pPa3IMYHBIX BApUAHTOB, CpeAW KOTOPBIX oOpasyercs W
BBICOKOAKTUBHBIN. [lpeamoceuikoit ansg  (GopMuUpoBaHMsS aKTUBHOTO BapUaHTa  SIBIISIOTCS
CTpecChl, KOTOpPbIE MCHBITHIBAECT KYJIbTypa B IPOLIECCE IMTEIBHOIO KYJIbTUBUPOBAHHUSA. DTO
MEXaHMYECKOe MOBPEKIeHHEe Tud MpU yJaJeHUU CKAIUIMBAIOMIETOCS MULEIHS C TOJJIOKKH,
YCIIOBHSI CMEHBI MUTATEIBHOM Cpelbl — C OOCAHEHHOM Ha MOJIHOIEHHYIO, U caM Ipolecc
JUIUTETILHOTO KyNbTUBHpPOBaHUS. C pOCTOM MNPOAYKTUBHOCTH HMMOOWMIIM30BAHHOM KYJIbTYpPBI
MOSIBJISIETCST  BO3MOJKHOCTH  BBIJICTICHHUSI AKTHUBHBIX BApUAHTOB, OOJAAIONINX TTOBBIIICHHON
(bepMEeHTaTUBHOM aKTUBHOCTBIO.

Jlnis BeISIBIICHUST aKTHBHOTO BapuanTa A. niger 355 mpoOsl uccienoBanuch Ha I aramne (6
cytkn), Il stame (18 cytku) u lll stame (45 cyTku) nmuTenabHOro KylnbTHBHUpOBaHUsS. [IpoObl
OTOMPATUCH IYTEM BBIIIUIIBIBAHUS KJIETOK ¢ MMMOOMJIM30BAaHHOM Ha TOJIOXKKE KYJIbTYPBHI.
Bcero otobpano 14 uzonaros: Ha | sTame qiuTenbHOro KyJIbTUBHpPOBaHHS oToOpaHo 5, Ha II
stane — 4 u Ha lll atane — 5 nzonsaToB. depMeHTaTUBHAS AKTUBHOCTH U30JISITOB, BBIJICJICHHBIX HA
I srane qurenbHOro KynbTUBUpOBaHUA cocTaBmia 2,9+0,7 - 3,3+1,2 en/mn. depmeHTaTuBHAs
AKTUBHOCTh M30JIATOB, BBIFCJIICHHBIX Ha Il aTame nauTenbHOro KyabTUBHUPOBAHMS COCTaBHIIA
3,4+0,9 - 3,7£1,1 en/mn u Ha Il atame - 2,2+0,5 - 2,84+0,6 en/mu (Tabauma 1).

Tabnua 1 — depMeHTaTHBHAS aKTHBHOCTH H30JITOB, MOJYYCHHBIX Ha PA3HbIX dTaax IUTEIBHOTO
KyabTuBHpoBanus A. niger 355

HPD (en/mm)
W30msathI

1-1 3,1+1,2

1-2 2,9+0,7

I sTan 1-3 3,0+0,6
1-4 3,3+1,2

1-5 3,1+0,7

2-6 3,4+0,9

2-7 3,7+1,1

II sran 2.8 3.650.6
2-9 3,5+1,1

5-10 2,6+1,0

5-11 2,8+0,6

III sTan 5-12 2,7+0,8
5-13 2,24+0,5

5-14 2,0£0,7

Camyro BBICOKYIO (DEPMEHTATHBHYIO aKTHBHOCTh OOHapyxwuia usonsat A. niger 355 2-7,
BBIJICJICHHBI BO BTOPOM 3Talle JUTMUTEIHHOTO KYJIbTHBUPOBAHHS, ()epMEHTATHBHAS aKTHBHOCTH
KoToporo coctaBmia 3,7+1,1 ex/mi.

Takum oOpa3zom, B xoae cenekuuu mrtamma A. niger 355 monydeH akTHUBHBIA H30JAT A.
niger 355 2-7, uemttona3Has aKTUBHOCTh KOTOPOTO BBIIIE MCXOMHOW KynbTypsl B 10,9 pa3. B
IIEJIOM, XOUYEeTCSI OTMETHTD, YTO TIPUMEHEHHBI B JAHHOH paboTe MeTO]l NMMOOWIM3AINU TTPOCT
u poctyned. [lpu ero peanuzanuu OTCYTCTBYIOT (DaKTOPBI, MOBPEKIAOIINE MUKPOOHBIE KIETKH
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U UHTHOUpYyOIMKEe (PEepMEHTAaTHBHYIO AaKTHBHOCTb, HE 3aTpyAHseTcss maccooOmeH. OH maér
BO3MOXHOCTh Pa3pabOOTKH HENPEPHIBHBIX OMOKATATUTHUECKUX TEeXHOIOrui. MmMmoOmm3anus
KJICTOK MHTEPECHa €lIe W TeM, YTO MHUKPOOPTaHH3Mbl BO3BPAIIAIOTCS B CBOE E€CTECTBEHHOE
MPUKPEIJICHHOE COCTOSIHUE, W3YYCHHE KOTOPOTO TIO3BOJISIET MPUOIU3UTHCA K IOHUMAHHIO
IPOIIECCOB, MTPOUCXOIAIINX B MPUPOJIE.
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Tyiiin

Makasana xeM eHIipiciHae omaH opi maimanany yuria Aspergillus niger 355 sxorapsr Gesceni
IITAMMBIHBIH CKPMHMHTI GOMBIHINIA 3epTTey HOTIKenepi OepinreH. Jakpuiasl 45 kyH Goiibl 26-28 C
Temreparypana OypblH OHTaHIaHABIPBUIFAH KOPEKTIK OpTaja ecipii. OcipreHHeH KediH 6-9 KyHHEH
KeWiH QepMeHTTEepAiH TY3UTyiHIH TYpakTaHybl OalKamaThIHBI aHBIKTANBL. [lemrono3ansl bIABIPATATHIH
(hepMmeHTTEPIIH €H YIKeH OmocuHTe3l ecipymiH 9, 18 xoHe 45-mi kyHaepinae Oaiikamansl. Llemmonasza
oencenauiri 1,63-ten 3,5 U/mi-re neitin esrepi.

Aspergillus niger 355-ti ke3eHi Type ocipy ke3iHae GepMEHTTIH MaKCUMAJIIBI TY31Tyi 3-1mi KyHi
Oaiikanae! xoHe 1,63 Y/MI Kypasl, colaH KeiiH OeNCeHAUTIKTIH ToMeHIey1 OaiKanabl.
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Abstract

The article presents the results of a study on the screening of a highly active strain of Aspergillus
niger 355 for further application in feed production. The culture was grown for 45 days at a temperature
of 26-28°C on a previously optimized nutrient medium. It was found that after 6-9 days of cultivation,
stabilization in enzymes biosynthesis was observed. The highest cellulase activity has been observed on
the 9", 18" and 45" days of fungal cultivation. Enzymatic activity varied from 1.63 to 3.5 U/ml.

In periodic cultivation of Aspergillus niger 355, the maximum enzymatic activity was observed on
the 3rd day and was 1.63 U/ml, followed by a decrease in activity.

Key words: feed, cellulase, Aspergillus, selection, biosynthesis

The basis of feed for poultry is the seeds of grain and leguminous crops, which are the
main sources of nutrients and energy [1]. However, grain feeds, along with nutritious and
biologically active compounds, contain anti-nutritional substances: non-starchy polysaccharides,
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phytates, inhibitors of digestive enzymes, glycosides, alkaloids, tannins, etc. These substances
impair feed digestibility and reduce its conversion.

In the gastrointestinal tract of farm animals there are no enzymes that catalyze the
degradation of fiber - the main non-starchy polysaccharide that is part of the feed and is an anti-
nutritional factor. In the intestine, soluble fiber can form highly viscous gels that increase the
volume and mass of chyme and slow down the rate of its passage, the penetration of enzymes
and digestion, which leads to difficulty in the absorption of nutrients [2-4].

The most effective solution of the problem of degradation of plant residues that are
difficult to hydrolyze and increasing digestibility and enriching feed with easily digestible
carbon sources is the use of exogenous microbial enzymes. This contributes to the destruction of
plant cell walls by hydrolyzing large molecules of non-starchy polysaccharides, which ultimately
provides improving the digestibility of nutrients.

The most promising producers of cellulose-degrading enzymes are filamentous fungi
Aspergillus, Penicillium and Trichoderma [5-7]. For a long time, the growth in the production of
enzyme preparations was held back due to the lack of active strains of microorganisms.
Therefore, the task of obtaining highly active strains of enzyme producers is a very important
problem.

The aim of this study was to improve the enzymatic activity of microscopic fungus
Aspergillus niger 355 - cellulase producer.

Materials and methods

The objects of research were the A. niger 355 strain from the collection of Research and
Production Center for Microbiology and Virology. The work used standard microbiological and
biochemical research methods. The initial culture was grown on an optimized Czapek medium
containing (in g/l): sucrose — 10; (NH,)2, HPO, (0,15%) — 9; KCI - 0,5; MgSQO,4 — 0,5; KH,PO, —
1; FeSO, — 0,001; pectin - 1g / 100ml.

To identify the active variant formed on the substrate, isolates were selected at different
periods of long-term cultivation, for which isolates were selected at stages I, 11, and subsequent
stages of cultivation associated with the frequency of removal of the mycelium from the
substrate. Samples were taken by plucking mycelium from the surface and from the depth of the
immobilized structure.

A cell suspension was prepared at a concentration of 170,000 conidia per 1ml for seeding
on agar nutrient medium. The resulting suspension - fragments of mycelium, single cells and
cells collected in chains, was filtered through a glass filter with multilayer sterile filter paper into
a sterile test tube. The filtered suspension was diluted with sterile water to the required
concentration in the ratio of 1:1000, 1:10000, 1:100000, 1:1000000 and sown on the agar
medium in Petri dishes. 0.1 ml of a diluted suspension was added to each dish, which was
triturated on the surface of the agar medium using a sterile spatula. Seeded cups were incubated
for 3-6 days at 28-30°C. After incubation, the colonies grown on the plates were counted. The
resulting variants were isolated in pure culture, which were then grown under periodic conditions
for 3-4 days in a liquid nutrient medium. Cellulase activity was determined in the obtained
culture liquid.

Determination of the activity of cellulose-degrading enzymes was carried out according to
GOST 31662-2012 [8]. The method is based on the quantitative determination of reducing
sugars formed by the action of enzymes of the cellulolytic complex on the sodium salt of
carboxymethyl cellulose (Na-CMC). The content of reducing sugars formed as a result of the
enzymatic reaction was determined by the spectrophotometric method with the dinitrosalicylic
acid (DNS) reagent. Calculation of enzymatic activity was carried out according to the
calibration curve constructed for glucose.

The DNS reagent with a mass fraction of 1% was prepared as follows: 10.0g of DNS was
added to a beaker with a capacity of 1000 ml, 400 ml of distilled water was added and stirred on
a magnetic stirrer for 25-30 min at room temperature. Then gradually, with constant stirring, 150
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ml of sodium hydroxide solution (10.7% NaOH) was added. The color of the solution changes
from light yellow to bright green. A beaker with the resulting solution was placed in a water bath
at a temperature of 47+1°C and gradually, in small portions, 300 g of potassium sodium tartrate
was added. Stirring was continued until complete dissolution of the reagent. The solution was
cooled with cold water to room temperature and made up to 1000 ml with distilled water.

The analysis was carried out in two parallel determinations. To determine the cellulase
activity of one variant, three test tubes (2 experimental and one control) were taken, 1 ml of the
substrate was added and thermostated at 50+1°C for 5 minutes. Two test tubes were filled with 1
ml of the working solution of the enzyme preparation. The contents of the tubes were thoroughly
mixed and all three tubes were kept at a temperature of 50 + 1°C for 10 minutes. After
hydrolysis, 3 ml of the DNS reagent were added to two test tubes, and 3 ml of the DNS reagent
and 1 ml of the working solution of the preparation were added to the third test tube (control).
The mixtures were then thoroughly mixed and placed in a boiling water bath for 5 min, after
which they were cooled to room temperature. Optical densities of experimental and control
samples were measured on a PD-303 UV spectrophotometer (Apel, Japan) at a wavelength of
540 nm against a control sample for reagents. The cellulolytic activity in the enzyme preparation
was calculated by the formula:

Co +C
CMCIA = 2L~ K

where Cy - is the molar concentration of glucose in the test sample, found from the
calibration curve, umol/cm3;

Ck - is the molar concentration of glucose in the control sample, found from the calibration
curve, pmol/cm3;

T - is the duration of hydrolysis, min (10 min);

¢ - is the mass concentration of the enzyme preparation in the reaction mixture, g/cm®.

Statistical analysis was carried out according to the generally accepted criteria of variance-
statistical analysis with the calculation of mean values (M), arithmetic mean error (m) using the
Microsoft Excel, 2010 software package. The statistical significance of differences in mean
values was assessed according to the standard method described by Glants [9]. Differences with
p<0.05 were considered statistically significant.

Results and discussion

In order to study the enzyme production ability of A. niger 355 at different stages of long-
term cultivation, the producer was grown for 45 days at a temperature of 26-28'C on a previously
optimized nutrient medium (Figure 1).
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Figure 1 - Cellulase activity during long-term and periodic cultivation of Aspergillus niger 355

Immobilization of the culture on a substrate creates conditions for multiple production of
target enzymes. During long-term cultivation, it was found that after 6-9 days stabilization in the
enzyme biosynthesis was observed. The greatest enzymatic activity was observed on the 9th,
18th and 45th days of cultivation. Cellulase activity varied from 1.63 to 3.5 Units/ml (Figure 1).
However, in periodic conditions, the maximum of enzyme biosynthesis was observed on the 3d
day (1.63 U/ml), followed by a decrease in activity.

During long-term cultivation of immobilized microorganisms, many different variants are
formed, among which a highly active one is formed. A prerequisite for the active variant
formation is the stress experienced by the culture during long-term cultivation. These are
mechanical damage to hyphae when the accumulating mycelium is removed from the substrate,
the conditions for changing the nutrient medium. With an increase in the productivity of the
immobilized culture, it becomes possible to select active variants with increased enzymatic
activity.

To identify the active variant of A. niger 355, samples were taken at stage | (day 6), stage
Il (day 18) and stage Il (day 45) of long-term cultivation. All samples were taken by plucking
cells from a culture immobilized on a substrate. A total of 14 isolates were selected: 5 isolates
were selected at the 1st stage of long-term cultivation, 4 at the 2nd stage, and 5 isolates at the 3rd
stage. The enzymatic activity of the isolates isolated at the 1st stage of long-term cultivation was
2.9+0.7 - 3.3£1.2 U/ml. The enzymatic activity of isolates isolated at stage I of long-term
cultivation was 3.4+0.9 - 3.7£1.1 U/ml, and at stage III cellulase activity was 2.2+0.5 - 2.8+0, 6
Units/ml (Table).

Table 1 - Enzymatic activity of isolates obtained at different stages of long-term cultivation of A. niger
355

Isolates Cellulase (U/ml)
1 2
1-1 3,1£1,2
1-2 2,9+0,7
I stage 1-3 3,0+0,6
1-4 3,3+1,2
1-5 3,1+0,7
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Table 1 continuation

1 2
2-6 3,4+0,9
2-7 3,7+1,1
1 stage 28 3.620.6
2-9 3,5+1,1
5-10 2,6£1.,0
5-11 2,8+0,6
111 stage 5-12 2,7+0,8
5-13 2,240.5
5-14 2,0+£0,7

The highest enzymatic activity was found by the A. niger 355 2-7 isolate, selected in the
second stage of long-term cultivation 3.7+1.1 U/ml.

Thus, during the selection of the strain A. niger 355, an active isolate of A. niger 355 2-7
was obtained. The cellulase activity of obtained isolate was 10.9 times higher than the parental
culture. In fact, immobilization method presented in this work is simple and affordable. During
its implementation, there are no factors that damage microbial cells and inhibit enzymatic
activity, mass transfer is not hindered. It enables the development of continuous biocatalytic
technologies. Immobilization of cells is also interesting in that microorganisms return to their
natural attached state, the study of which allows one to get closer to understanding the processes
occurring in nature.
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