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Annomayusa. JlanHas paboTa IOCBSIIIEHA BBISBICHHIO ONTUMAIBHBIX 3HAUCHUI peakiiy cpe/bl IPU ocaxapHuBa-
HHUH KPaXMAaIUCTBIX 3aTOpoB KynbTypoit Aspergillus oryzae. TIpu moBbimennn temmeparypst ot 30° mo 50°C
ontUMaibHbIe 30HI pH amunmonutnueckoi (AC) nmpakTHdecku He U3MEHsIoTCs, a ocaxapuatonieid (OC) u nex-
crpuHouTHYeckor (JIC) capurarotcs B 1MIeI04HY0 CTOpoHY. ONTUMAaIbHBIC 3HAUCHHS BCEX TPEX MOKa3aTelel
JOCTUTAIIUCh TIPH CIIEAYIOMUX yenoBusx: Temneparypa 30°C, pH 4,7; temneparypa 50°C, pH 5,0. B HauanbHbIit
MoMeHT cHmxeHne pH ¢ 6,5 1o 5,0 cyiecTBeHHO He CKa3bIBaeTCsl Ha aKTUBHOCTH G-aMuiasbl. Uepes 72 4 mpu
pH 5,0 AC ymenbiaercst 1o 58% 0T ee MakcUManbHOTO 3HaueHus, a npu pH 4,5 no 14%. Ilpu pH 4,5 nacrynaer
JOBOJIBHO pe3Kasi MHAKTHBAIW o-aMiuiasbl. [IprcyTcTBie B epMEHTAaTHBHOM KOMIUIEKCE IIperapara (epMeH-
TOB, PACLIEIUIAIOIINX T€MHLIEIUTIONO03b], KICTYaTKY, IEHTO3aHbI, CIOCOOCTBYET IIEPEXOAY B PACTBOP HEKOTOPOTO
KOJIMYECTBA BEIIECTB, HE COpaKMBAEMBIX JPOXKaMH M MOBBIIIAIOMINX OTOPO B 3penbIx Opakkax. I[IpuBenen-
HBIC TaHHBIE YKA3BIBAIOT, YTO ONTUMYM CTaOMIHLHOCTH JIEXKHT B O0Jiee MIEeIOYHOM 30He, 9eM ONTHMYM aKTHBHO-
cru. IlosTroMy onTumanbHble 3HaueHMs pH mpu pasnuyHOM MPOAOKUTEIBHOCTH BO3AEHCTBHUS (hDEPMEHTOB
JIOJDKHBI BBIOUPATHCS, UCXOAS M3 LIENEecO00Pa3HOro COUEeTaHUs UX aKTUBHOCTH M CTabMmIbHOCTH. B ocaxapusaTe-
e, TAe 3aTop IMoJBEpraeTcs KPaTKOBPEMEHHOMY BO3ACHCTBHIO (DEPMEHTOB, IIEIECOOOPa3HO MaKCHMAJIbHO HC-
TI0JTb30BaTh aKTUBHOCTH 0i-aMUJIAa3kl M NofaepkuBath pH 3aropa B mpenenax 5,0-5,1 npu temmeparype 50-55°C.
Y CTaHOBJIEHO, YTO YCIOBHS OCAXapHBAHUS MIIEHUYHBIX 3aTOPOB COJIOAOM U (DEPMEHTHBIM IpENapaToM 3aBUCSAT
OT IUIOTHOCTU Opakku. HauanmpHast MIOTHOCTH OpaXXKH IPH OcaxapUBaHUM (PEPMEHTHBIM IIPENapaToM U COJIO-
JIOM cocTaBiisieT cootBeTcTBeHHO 8,2 mpotus 10,8. Ipu ucrons3oBannu Aspergillus oryzae v moBbIIIEHHH TEM-
neparypsl ot 30° 1o 50°C ontumansHbie 30HbI pH AC npaktudecku He naMensiores, a OC u JIC cnBuratotcs B
IIEJIOYHYIO CTOpOHY. ONTUMAJIbHBIC 3HAUEHUS BCEX TPEX MOKa3aTesed TOCTUTAINCH TIPH CIIEAYIOIINX YCIOBUSX:
temneparypa 30°C, pH 4,7; remneparypa 50°C, pH 5,0.

Kniouesvie crosa: cnvuproBoe npoussosctBo, Aspergillus oryzae, ocaxapuBanue, peakiusi Cpeiibl, TEMIIEpa-
Typa, akTHUBHOCTb (DEPMEHTOB
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Abstract. This work is devoted to identifying the optimal values of the medium reaction during the
saccharification of starchy mashes with the Aspergillus oryzae culture. With an increase of temperature from
30° to 50°C, the optimal pH zones of the amylolytic (AC) practically do not change, while the saccharifying
(OS) and dextrinolitic (DS) zones shift to the alkaline side. The optimal values of all three indicators were
achieved under the following conditions: temperature 30°C, pH 4,7; temperature 50°C, pH 5,0. At the initial
moment, a decrease in pH from 6,5 to 5,0 does not significantly affect the activity of a-amylase. After 72 hours
at pH 5,0, AC decreases to 58% of its maximum value, and at pH 4,5 to 14%. At pH 4,5, a rather sharp
inactivation of a-amylase occurs. The presence in the enzymatic complex of the preparation of enzymes that
break down hemicelluloses, fiber, pentosans, promotes the transition into solution of a certain amount of
substances that are not fermentable by yeast and increase waste in mature mash. The data presented indicate
that the stability optimum lies in a more alkaline zone than the activity optimum. Therefore, the optimal pH
values for different durations of exposure to enzymes should be selected based on the appropriate combination
of their activity and stability. In a saccharifier where the mash is briefly exposed to enzymes, it is advisable
to make maximum use of a-amylase activity and maintain the pH of the mash in the range of 5,0-5,1 at
a temperature of 50-55°C. It has been established that the conditions for saccharification of wheat mash with
malt and an enzyme preparation depend on the density of the mash. The initial density of the mash during
saccharification with an enzyme preparation and malt is 8,2 versus 10,8, respectively. When using Aspergillus
oryzae and increasing the temperature from 30° to 50°C, the optimal pH zones of the AC practically do not
change, and the SA and DC shift to the alkaline side. Optimal values of all three indicators were achieved
under the following conditions: temperature 30°C, pH 4,7; temperature 50°C, pH 5,0.

Keywords: alcohol production, Aspergillus oryzae, saccharification, medium reaction, temperature, enzyme
activity
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Beeaenue. B ycioBusix cnuproBoro npous-  Ilo maHHBIM auTepaTypbl ONTHMAJIbHBIE 3HAYE-
BOJICTBA OCaxapuMBaHME KpaxMmaia MpPOTEKaeT  HHUA AKTUBHOM KHUCIOTHOCTH JJIs aMHJIa3bl
NpU pa3IMYHbIX TeMIepaTypax: B ocaxapuBare-  Aspergillus oryzae coorserctByror pH 4,5-5,5.
ne npu 57-59°C u B OpoaunbHbIX 4yaHax mpu  V3BecTHa  Oojblias — KUCIOTOYCTOMYMBOCTh
30°C. IIpomomKUTENbHOCTh 3TUX CTAAMWA TE€X-  AMHJIOJMTUYECKUX (EpMEHTOB TpHOOB 1O
HOJIOTMYECKOI0 Mpoliecca Takxke pa3inyHa. Ha-  cpaBHeHHIO ¢ aMuia30if conoa.
psAy ¢ TeMIepaTypor M KOHLEHTpaLue cpesl Lenbo padoTbl SBISUIOCH BBISABIECHUE OII-
BaXHBIM (DAKTOPOM, BIUSIONIMM Ha XOa (ep-  TUMaJbHBIX 3HAYCHH PEaKIdu CPebl IPH Oca-
MEHTAaTHBHOTO THIIPOJM3a Kpaxmala, SBISIETCS  XapUBAHUW KPAXMAIHMCTBIX 3aTOPOB KYJIBTYpOM
aKTUBHAs IUIOTHOCTh cpenbl. Amwionutude-  Aspergillus oryzae.
ckue (hepMeHTHl rpubOB MPOSBIAIOT CBOE JEHi- Matepuajibl, MeTOIBI U 00bEKTHI HCCIe-
CTBUE B ompeaeieHHOM uHTepBasiie pH, ontu-  moBamms. Mccrnenosanus nposoauiuck B 2017-
MaJbHOE 3HAYeHHE KOTOporo 3aBUCHUT OT Bius- 2022 rr. B ycnoBusix OOO «IIpemuym» (KBP,
Hus pH Ha CKOpOCTH peakluu W CTaOMIBHOCTh  30JIbCKMI paiioH, c.nm. CapMakoBO) U Ha Kaden-
depmenta [1]. OnTumMyM cTabUIBHOCTH Xapak-  pe «TexHoyorus mpou3BOJCTBA U MEPEPadOTKU

Tepusyercss WHTepBaJioM pH, OpU KOTOPOM  CeNbCKOXO3SHCTBEHHOW mpoaykuuu» Kabapnu-
dbepmeHT HamboJee IIUTENHFHO coxXpaHseTcs B Ho-bamkapckoro [AY.

AKTUBHOM COCTOSIHMHM. ONTUMyM aKTUBHOCTHU OObeKTaMM HCCIIEIOBAaHUN CITY>KWJIH TUIeC-
COOTBETCTBYeT ToMy 3HaueHuio pH, xoropeiii  HeBble TpuObI Aspergillus oryzae, ocaxapeHHas
OTBEUaET MaKCHUMAaJBbHON CKopocTH (pepmeHTa- Macca, Opakka W STHIOBBIA CUpT. B kadecTse
THUBHOT'O TIpOIlecca B OIpPEAEICHHBI OTPE30K  ocaxapuBamooLIero (EpMEHTa  UCIOJIB30BAIU
BpemeHH [2]. CaH-CyTIep.

OnrtuMmanbHble 3HAaYEHUS! aKTUBHOCTU U CTa- C uenpl0 MakCUMAaJIbHOI'O HCIOJIb30BAaHUS
OUIIBHOCTH HE BCET/la COBHAJAIOT MEXAy COOOM.  aKTUBHOCTH aMUJIOIMTUYECKUX (EPMEHTOB IpU
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0CaxapHBaHUHU U COXPAHEHHH CTAOMIBLHOCTH MX
JeWCcTBUSL B TIpoliecce OpOKeHHs 3a/1aBajd
(depMeHTHBINM npenapaT B ABE CTaIUH: B Ocaxa-
puBaTenb U OpOAUIHHBIN YaH.

PesyabTaTsl uccaenoBanms. BiusHue pH
Ha aKTHBHOCTb aMUJIOJIUTHYCCKUX q)epMeHTOB
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Pucynox 1. Biimssaue pH Ha akTHBHOCTh aMHJIOTMTHICCKHX (PePMEHTOB Tprda

Aspergillus oryzae npu temnepatype 30°C:

Figure 1. Influence of pH on the activity of amylolytic enzymes of the fungus

Aspergillus oryzae at a temperature of 30°C:
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Pucynok 2. Bnusiaue pH Ha akTHBHOCTH aMuitonuTHIecKuX GpepmentoB Aspergillus oryzae

pu Temieparype 50°C

Figure 2. Influence of pH on the activity of amylolytic enzymes of Aspergillus oryzae

at a temperature of 50°C
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W3 ananuza pucynkoB 1 u 2 ciegyer, 4To
MpH MOBBIIEHUH TeMrepaTypsl oT 30° go 50°C
ontumanbHbie 30HBI pH AC mpakTudecku He
mmensiores, a OC u JIC cnBurarorcs B IMIEI0Y-
HyI0 CTOpoHY. ONTHUMalIbHBIE 3HAYEHUS] BCEX
tpex nokazarenei (AC, OC u JIC) nocturanuch

MpU CIEAYIONNX ycIoBusax: Temneparypa 30°C,
pH 4,7; remnepatypa 50°C, pH 5,0.

[IpencraBierne 00 yCTOWYMBOCTH aMIJIONU-
tudeckux (epmeHToB Aspergillus oryzae mpu
pa3inuHbIX 3HaYeHusix pH maeT xapakrep kpu-
BbIX, IPUBE/ICHHBIX HA PUCYHKaX 3, 4, 5.
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Pucynox 3. Biusiaue pH cpelibl Ha YCTOWYHBOCTH aMUIOJIATHYECKON CIIOCOOHOCTH
rpuba Aspergillus oryzae:
1-pH3,5,2-pH4,0;3—-pH4,5;4—pH5,0;5-pHS5,5;6-pH6,0; 7—pH 6,5
Figure 3. The influence of pH on the stability of the amylolytic ability
of the fungus Aspergillus oryzae:
1-pH3,5,2-pH4,0;3—pH4,5;4—pH5,0;5-pHS5,5;,6—pH 6,0; 7—pH 6,5
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Pucynok 4. Biausaue pH cpenbl Ha ycTOWIHBOCTD IEKCTPUHOIUTHYECKON CIOCOOHOCTH
rpuba Aspergillus oryzae:
1-pH3,0,2-pH3,5,3-pH4,0;4—-pHA4,5;,5—-pH 5-6,5
Figure 4. The influence of pH on the stability of dextrinolitic abilities
of the fungus Aspergillus oryzae:
1-pH3,0;2-pH3,5,3-pH4,0;4—pHA4,5;5-pH 5-6,5
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U3 pucynka 3 BUAHO, YTO B HAYAJIbHBIA MO-
MeHT cHmkenue pH ¢ 6,5 no 5,0 cymecTBeHHO
HE CKa3bplBae€TCd HAa AKTUBHOCTHU O-aMHUJIa3bl
(AC=90%). Yepe3 72 4 mpu pH 5,0 AC ymenn-
maetrcst 10 58% OT ee MakCMMAaJIbHOrO 3Haye-
Hus, a npu pH 4,5 no 14% [3-5]. Takum obpa-
3oM, ipu pH 4,5 HacTymaeTr AOBOJIBHO pe3Kas
WHAKTUBALUS Ol-aMUJIa3bl.

Hexctpunasa Aspergillus oryzae ornuuaercs
OoJbIIIel KUCIOTOYCTOWYMBOCTRIO [6—8]. Om-
TAMaJIbHOW 30HOW CTaOMIIBHOCTH JCKCTPUHA3HI
MOXxHO cuuTath pH 6,5-4,5, 3HauuTenpHOE ee
MHaKTUBUpOBaHue Hactynaet npu pH 4,0 u Hu-
xe (puc. 4).

Y CTOWYMBOCTh OCaxapuBaIOLIe CIOCOOHO-

pH 6,5-5,0. MuakTtuBHpOBaHWE €€ HACTyIaeT
npu pH 4,5 (puc. 5).

[IpuBeneHHbIe NaHHBIE YKa3bIBAIOT Ha TO,
YTO ONTUMYM CTaOMJIBHOCTH JIEKHUT B OoJjee
IIEJIOYHOM 30HE, YeM ONTHMYM aKTHBHOCTH.
ITosToMy onTuManbehble 3HaueHHus pH npu pas-
JUYHOH  IPOJOJDKUTEIBHOCTH  BO3IEUCTBUS
(epMEHTOB MOJDKHBI BHIOMPATHCS, UCXOAS W3
11€J1eCO00Pa3HOr0 COYETAHUS] UX AKTUBHOCTU U
crabwibHOCTH. B ocaxapuBatene, rue 3arop
MOJIBEPraeTcsi KpaTKOBPEMEHHOMY BO3JIEHCT-
BUIO (DEPMEHTOB, 11€JIeCO00Pa3HO MAaKCUMAIBLHO
WCTOJIB30BaTh AKTHBHOCTH (O-aMWJIa3bl M MOJI-
nepxkuBath pH 3atopa B mpenenax 5,0-5,1 mpu
temmepatype 50-55°C [9].

CTH XOpOLIO COXpaHAETCsI B  HHTEpPBae
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Pucynox 5. Biimsiaue pH cpelibl Ha yCTOWYMBOCTh OCaXapHBAOIIEH CIIOCOOHOCTH
rpuba Aspergillus oryzae:
1-pH3,0;2-pH3,5;3—-pH4,0-4,5; 4 —pH 5,0; 5—pH 5,5; 6 — pH 6-6,5;

Figure 5. The influence of pH on the stability of the saccharifying ability
of the fungus Aspergillus oryzae:
1-pH3,0;2-pH3,5;,3—pH4,0-4,5;4—pH 5,0, 5—-pH 5,5; 6 — pH 6-6,5;

B npornecce 6pokeHust npu MeAIEHHOM OCa-
XapUBaHUU KOHEYHBIX JIEKCTPUHOB NEPBOCTE-
MEHHOE 3HAaYeHHE MPHOOpeTaeT NEUCTBUE JEK-
CTpWHA3bI, aKTHUBHOCTH KOTOPOW HEOOXOIUMO
COXpPaHUTH 110 KoHIa Opokenus [10]. Ontumym
crabmipHocTH JIC pu 30°C nexur B npeaenax
pH 6,5-4,5, a aktuBnoctu — pH 3,5-4,7. Ecnu
y4ecTb, YTO Jpyrue (YHKIUA aMuUiIa3bl
Aspergillus oryzae AC u OC gnutenbHO coxpa-
ustores npu pH 6,5-0,5, To ontumym pH npu
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OpoxeHuu MoxHO cuutath 5,0-4,7. Tlocneanee
TaKk)Ke MOATBEP)KIAET LEeNeco00pa3HOCTh 3aja-
4y (pepMEHTHOTO Mpernapara B JBa NpUEMa: B
ocaxapuBaTresb TMEPBOM CTYNEHH, TJI€ MPOUCXO-
JUT pa3KIWKEHWE M YaCTHYHOE OCaxaphBaHHE
Kpaxmala, 1 B OpOIMIbHBIN YaH.

B nepBbIe 1BEeHAAATh YaCOB HHTEHCUBHOCTH
OpO’KeHHSI B YaHaX, OCAXapeHHBIX COJIOAOM
(puc. 6), Takas e, Kak ¥ B 4aHaX, 0CaXapeHHBIX
(hepMEHTHBIM IpEnapaToM.
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PI/ICyHOK 6. IHTEHCHUBHOCTD 6p0>KeHI/I$I MNIICHUYHBIX 3aTOPOB IIPU OCaXapuBaAHNUU COJIOAOM
1 (epMEHTHBIM TpernapaToM:
1 — ocaxapuBaHHe COJI0A0M; 2 — 0caxapuBaHue (DEPMEHTHBIM IIperapaToM
Figure 6. Intensity of fermentation of wheat mash when saccharification
with malt and enzyme preparation:
1 — saccharification with malt; 2 — saccharification with an enzyme preparation

B nmocnenyromue vacel, T. €. Ha 48, 52, 60-m B cBoro ouepenr ocaxapuBaromiasi croco0-
4yacy Opo>KeHHsI OTOPOJIbI B KOHTPOJILHBIX Opo- HOCTh Opa)XKu, OCaxapeHHOW (EPMEHTHBIM
JIHIIBHBIX YaHaX HECKOJIBKO HIDKE, YeM B YaHax, npenapaToM, XapakTepU3yeTcs 3HAUYUTEILHO
0CaxapeHHbIX (DEPMEHTHBIM MPETIAPATOM. TYUYIIUMU TIoKazarensMu (puc. 7).
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PucyHox 7. MI3MeHeHne ocaxapHBaroIIeii CTOCOOHOCTH OpaXKKH B MPOIIECCe OPOIKESHUS:
1 — ocaxapuBaHHE COJIOAOM; 2 — 0OcaxapuBaHue (PEePMEHTHBIM MpPEapaToM
Figure 7. Change in the saccharifying ability of the mash during the process fermentation:
1 — saccharification with malt; 2 — saccharification with an enzyme preparation

le/lcyTCTBI/Ie B (bepMeHTaTI/IBHOM KOMIIJICK- KOJIN4YE€CTBa  BCIICCTB, HC C6pa)KI/IBaeMBIX
CC Ipfcriaparta (bepMeHTOB, PaCICINIAIOIINX I'e- APOXiKaMHu, CJICIOBATCIIBHO, IMMOBBIMIAOIIUX OT-
MUICIUIIOJIO3bI, KIIE€TYAaTKy, IICHTO3aHbI, CIIO- 6p0):[ B 3pCIIbIX 6pa>1<1<ax.

COOCTBYeT MEpexoAy B pacTBOp HEKOTOPOTo
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BoiBoabl. Takum 00pa3om, yciaoBHS ocaxa-
pUBaHUS KPaxXMaJUCTBIX 3aTOPOB COJOAOM H
(epMEHTHBIM TpernapaToM 3aBHCAT OT IUIOTHO-
cti Opaxku. HadanpHas TUIOTHOCTH Opa)xku
MpH ocaxapuBaHUM (PEPMEHTHBIM MpEnapaToM U
COJIOJIOM COCTaBJISIET COOTBETCTBEHHO §,2 TMpO-
i 10,8. Ilpm wucnons3oBanuu Aspergillus

oryzae W TOBBIIIEHUU Temmepatypsl ot 30° g0
50°C ontumanshbie 30861 pH AC npakTudecku
He mMmenstores, a OC u JIC caBuraroTes B Iie-
JOYHYIO CTOpOHY. ONTHUMaabHBIE 3HAYCHHS
Bcex Tpex nokasareneit (AC, OC u JIC) noctu-
rajluch IpU CIEAYIOUIUX YCIOBUAX: TEMIIEpATy-
pa 30°C, pH 4,7; remneparypa 50°C, pH 5,0.
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