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BiausinMe TeXHOJIOrHYeCKHX nmapaMmMeTpoB Ha
nmpomecc ocaxapuBaHus npu MMPpOMN3BOJACTBE
ITAHOJIA U3 AIYMCHA

Effect of technological parameters the process of
ethanol production in the saccharification of barley

Peghepam. B TeXHOIOTUH TaHOJIA IPOLECC OCAXAPUBAHUS SBJISCTCS OJHUM M3 OCHOBHBEIX. B €ro oCHOBE JIEKUT IHAPONU3 Kpax-
Majla pa3BapeHHOW Macchl IOJ JeicTBUEeM (epMeHTOB. OcaxapuBaHHE KPaXMalHCTOrO CHIPbS HEOOXOIMMO, T.K. OCHOBHBIC NPOU3BOA-
CTBEHHBIC PAChl CIIUPTOBBIX JPOXKIKEIl HE CHHTE3UPYIOT aMIJIOIIUTHYECKUX (ECPMEHTOB U HE CIIOCOOHBI HCIIOIb30BAaTh B CBOEM METa00-
JIM3Me HEMOCPEJICTBEHHO KpaxMall, a yCBAaHBAIOT TOJIBKO MOHO- U qucaxapuabl. OCHOBHOM LENbI0 OCaXapUBaHUS SBISICTCS IOJIYYCHUE
cyclla ¢ BBICOKMM COJCpP)KaHHEM COpaXHMBAaeMBIX YIVICBOJIOB. I'JIaBHOI IeNbI0 OcaxapHBaHUs SBILIETCS MONYYCHHUE CYCJa ¢ BEICOKHM
cozepxKaHueM cOpakuBaeMbIX yriieBofoB. OT MPOTeKaHMs Ipoliecca OcaXapHBaHUs 3aBHCHT Ka4eCTBO MOJIyYaeMOro CIHPTA, MOJHOTA
BEIOpaKMBAaHMS KpaxMala ChIpbsl M BBIXOJ IpoayKkTa. Ha ocaxapuBaHue pa3BapeHHOI Macchl BIMSIOT TeMIepatypa, pH, 1o3upoBka rimo-
KOaMMJIa3bl M IPOJODKUTEIEHOCTS Iporecca. OT 3TuX (GaKkTOpOB 3aBUCAT TEXHUKOIKOHOMHYECKHE MOKa3aTeNH npomn3BojcTea. Ocaxa-
pHUBaHUE Pa3BapeHHOH SUMEHHON Macchl IPOBOAUIM (PEPMEHTHBIM IpernapaToM rirokoamuiassl buosum 800 JI u3 pacuera 6,0 ex I'nC Ha
r Kpaxmaina. KoHTposnewm siBisizach pa3BapeHHast Macca, IMoJlydeHHas ¢ IPUMEHEHNEM OJHOTo epMeHTHOrO npenapara Anbdadepm 3500
JI ¢ nosuposkoit 1,0 ex AC na r kpaxmana. Ocaxapusanue npotekano npu temmneparype 50-65 °C u pH 4,0-5,5 B Teuenue 120 mun. pH
Ppa3BapeHHOIT MacChl PEryIMpOBAIIH IIyTEM BHECCHHS B Hee CEPHON KHUCIIOTHL. B mporecce ocaxapiuBaHus H3ydain JHHAMUKY HAKOIUICHUS
[IIIOKO3BI B STIMEHHOM CYCJI€ B 3aBHCHMOCTH OT TeMIepaTypsl, pH u 1o3upoBkH riroxoamunassl. [IpoObl 1t ompeneneHus TII0KO3bI
ot6upany kaxasie 30 munyT. [Ipu Temmeparype 65 °C B nepebie 30 MUHYT HAKOTUIEHHE TIIIOKO3BI HAET OBICTPO, 3aTEM PE3KO 3aMEIET-
cs1, 9TO BO3MOXKHO CBSI3aHO C MHAKTHBAIMEH IMIOKOAMIIAa3hl BCICACTBHE U3MEHEHHS CTPYKTYPBI MOJEKYINBI (epMeHTa. MakcuManbHOE
KOJIMYECTBO TIIIOKO3bI HaKarumBaeTes npu temmnepatype 60 °C u cocrasmster 11,1 r/cM?, 9TO COOTBETCTBYET ONTHMYMY A€HCTBHS MPUME-
HAEeMOro (hepMEHTHOTO Ipenapara ITIoKoaMuIassl. KoHIeHTpanus BOJOPOIHBIX HOHOB (pH) oka3piBaeT MHOTOCTOpOHHEE ACHCTBUE HA
npouecc ocaxapusanust. C oHOi cTroponsl H' H3MEHSMIOT MOHN3AIMI0 aKTUBHOTO IIEHTPA U KOH(GOPMALIMOHHOE COCTOSIHUE IIFOKOaMIIa-
3BI, C IPYrOH CTOPOHBI BIMAIOT Ha CTAOMIBHOCTD TPETUYHON CTPYKTYpPHI INIFOKOAMHIa3bl. MaKCHMallbHOE HAKOILUICHHE TTI0KO3bI HabIIIo-
naetcs npu pH 4,5 u cocrasnser 11,9 r/cm®. C yBenuueHneM TO3MPOBKH TIOKOAMHIJIA3bl BO3pacTaeT obpasoBanne dQpQeKTHBHBIX (ep-
MEHT-CYOCTPaTHBIX KOMILIEKCOB, a, CJICJOBATEIbHO, H CKOPOCTh THAPONN3a Kpaxmaia. [Ipu HcHonb30BaHNH MYyIbTHIH3UMHOON KOMIIO-
3UIMHU IPOUCXOAUT yBEIMYCHHE KOJIMYECTBA TTIOKO36I Ha 34,7 %, 0 cpaBHEHUIO ¢ KOHTponeM. CTeleHb THAPOIN3a KpaxMalla yBeIudu-
BaeTCs, TaK KaK OH CTAaHOBHUTCA Ooliee HOCTYNHBIM I AEHCTBHSA OCaxapHBAIOMUX (PEPMEHTOB 3a CUET THIPOIN3a OCIKOBBIX BEIIECTB U
000JI09eK 3epHa SUMEHS, COICPKAIUX T'eMHIEIUIIoN03bl. [IpuMeHeHne MyIbTHIH3UMHONH KOMIO3HIUK ITO3BOJISET COKPATHTH PacXon
rimoxoammassl 10 4,0 e ['nC Ha r xpaxmana, BMecto 6,0 ex I'nC Ha T kpaxmana B KOHTpOJIE.
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Summary. Tenderized saccharification process is a mass of the cores in the production of ethanol from starch-containing raw
materials. Saccharification of starchy raw materials needed because main production races alcohol yeast do not synthesize and amy-
lolytic enzymes are not able to use in their metabolism Nepo-starch, facility and internalize only mono — and disaccharides. The main
aim is to obtain a mash saccharification with a high content of fermentable carbohydrates. The main objective is to obtain a sacchari-
fication wort with a high con-zhaniem fermentable carbohydrates. From the course of the saccharification process, the quality of the
alcohol depends on the completeness of the fermentation of starch raw materials and product yield. On saccharification sodden mass
affected by temperature, pH, glucoamylase dosage and duration of the process. From these factors depend technical-economic pro-
duction figures. Saccharification boiled barley weight carried glucoamylase enzyme preparation bios 800 A at the rate of 6.0 units
per g starch SFS. Control is tenderized weight obtained using one enzyme preparation Alfaferm 3500 A at a dose of 1.0 units per g
starch AS. Saccharification takes place at a temperature of 50-65 0 C and pH 4.0-5.5 for 120 minutes. pH was adjusted weight ten-
derized by making it in sulfuric acid. The saccharification process dynamics studied glucose accumulation in the barley wort in func-
tion of temperature, pH, and the dosage of glucoamylase. Samples for glucose determination were taken every 30 minutes. At a tem-
perature of 65 0 C in the first 30 minutes of the accumulation of glucose goes fast, then suddenly slows down, it is possible due to the
inactivation of glucoamylase due to changes in the structure of the enzyme molecule. The maximum amount of glucose stored at a
temperature of 60 0 C and 11.1 g/ cm3, which corresponds to the optimum action of glucoamylase enzyme preparation used. The
concentration of hydrogen ions (pH) has a multifaceted effect on the process of saccharification. On the one hand alter H + ionization
of the active site of glucoamylase conformational state and, on the other hand influence the stability of the tertiary structure of glu-
coamylase. Maximum glucose accumulation is observed at pH 4.5 and 11.9 g / cm3. With increasing the glucoamylase dosage in-
creases the effective formation of enzyme-substrate complexes, and hence the rate of hydrolysis of starch. When applying multien-
zyme complex observed increase in the amount of glucose by 34.7%, compared with the control. The degree of starch hydrolysis
increases as it becomes more accessible to the action of saccharifying enzymes by the hydrolysis of proteins and membranes barley
containing hemicellulose. Application of multienzyme composition allows to reduce the consumption of glucoamylase to 4.0 units
per g starch SFS, SFS instead of 6.0 units per gram of starch in control.

Kntouesvie cnosa: ocaxapuBaHue, (epMEHTHbIE IIpEeNapaThl, TIIOKOAMIIIa3a, pa3BapeHHas Macca, BeinuunHa pH, remnepaty-
pa, SYMEHHOE CYCJI0, THIPOJIUX Kpaxmalia, MyJIbTUIH3UMHBII KOMILIEKC.

Keywords: saccharification, enzyme preparations, glucoamylase, boiled mass, pH, temperature, barley wort, hydrolyzed

starch, multienzyme complex.

B TtexHonoruu staHona mpolecc ocaxapu-
BaHUS SBJISIETCS] OTHUM M3 OCHOBHBIX. B ero ocHose
JISKUT THUAPOIM3 Kpaxmaja pa3BapeHHOH Macchl
nox jeiictBueM QepMeHToB. [JaBHOW IeNbI0 Oca-
XapHUBaHMSA ABJISETCS TMOJTyYEHHE CYClia C BBICOKUM
coziep>kaHueM cOpPaXKUBaeMbIX YIIICBOJIOB.

Ot mponecca ocaxapuBaHHUs 3aBUCUT Kaue-
CTBO TOJIy4aeMOT0 3TaHOJA, BBIXOJ[ MPOAYKTa U
MOJIHOTA COpakKMBaHUA KpaxmaJa.

OcaxaprBaHHe pa3BapeHHON SYMEHHOHN
Macchl TMPOBOAMIN (EPMEHTHBIM IIPENapaToM
rmrokoammtasel buosum 800 JI u3 pacuera 6,0 en
I'nC ma r kpaxmana. KoHTponem sBisiiace pas-
BapeHHas Macca, MOJy4YeHHas C NPUMEHEHHEM
onHoro (epmeHTHoro mpemnapara Anbdadepm
3500 JI ¢ gosmpoBkoii 1,0 eq AC Ha 1 r xpaxma-
na. OcaxapvBaHHe MPOTEKANO MPHU TEMIEpaType
50-65 0C u pH 4,0-5,5 B Teuenne 120 mun. pH
pa3BapeHHON MAaccChl pEryJIupoBajId IYTEM BHe-
CEHHsI B HEE CEPHOU KHUCIIOTHI.

Ha ocaxapuBanme pa3BapeHHOW MaccChl
BIUAIOT TeMmIieparypa, pH, mo3upoBKa TIIIOKO-
aMuiIa3bl U NPOJOJKUTENBHOCTh Mporecca. Ot
3THX (AKTOPOB 3aBUCIT TEXHUKOIKOHOMHYECKHE
[I0Ka3aTeJIM IPOU3BOICTBA.

B nponecce ocaxapuBaHus M3ydaliy TUHAMU-
Ky HaKOIUIEHHUs INIIOKO3bl B SUMEHHOM CYCNIE B 3a-
BHUCHUMOCTH OT Temriepatypsl, pH u 103upoBKY Iito-
koamwiaspl. [IpoObl a1 ompeneneHust INIFOKO3bI
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oroupamu kaxnaeie 30 MuHYT. PesymbraTel nKkcrie-
PUMEHTOB TIPE/ICTABIEHBI HA pACYHKaxX 1 — 3.
OrpomMHOe BIHSHHE Ha NPOIECC Ocaxapu-
BaHUS OKa3blBaeT TemmepaTypa. C MOBBIIIEHHEM
TEMIIEpaTyphl TOBBIIIAETCS PEAKIMOHHAs CIIO-
CcOOHOCTh MOJIEKYNT KpaxMajga ¥ KHHETHYecKas
sueprust. [Ipu temnepatype (pucynok 1) 65 °C B
nepBbie 30 MHHYT HAKOIUICHHUE TJIOKO3BI HJET
OBICTPO, 3aTEM PE3KO 3aMEJIAETCSI, YTO BO3MOXK-
HO CBSI3aHO C WHAKTUBAIMEW TIIFOKOAMMIIA3BI
BCJIEJICTBUE W3MEHEHHUS CTPYKTYPBHl MOJEKYIIBI
¢depmenTa. MakcuManbHOE KOJIHMYECTBO TIFOKO3HI
HakammBaercs npu Temmneparype 60 °C u co-
crasisier 11,1 r/em®, uto cooTBeTCTBYET ONTHMY-
My ACWUCTBHSI MPUMEHIEMOro (pepMEHTHOTO Ipe-
nmapara riroKoamuiiasel. OnTrManbHas Temrepa-
Typa neiicteus rmokoamuiassl (60 °C) He copma-
JTaeT C ONTUMAJIBHON TeMIEpPaTypoil Ui coXpaHe-
HUSl €€ aKTUBHOCTHU [2, 3], HO Ha TJIIOKOAMUIIA3y
MPA OCaxapWBaHWM OKAa3bIBa€T WHTEHCHBHOE 3a-
IIUTHOE JEWCTBHE KpaxMall U MPOIYKTHI €ro He-
MOJTHOTO TUApoiu3a. YacTWyHas WHAKTUBALMA
[IIOKOaMMJIa3bl NIPH OCaxapuBaHUM KOMIIEHCUPY-
€TCS YCKOPSIOIIUM JIEUCTBUEM TeMIlepaTyphl. Tak
KaK TIPU OCaXxapHBaHUMH Kpaxmaj TUAPOIU3YeTCS
HE TIOJTHOCTBIO U €r0 THAPOIIN3 IMPOI0IHKAETCS TIPH
cOpaXHBaHHUHU CYCIIa, TO JUIA CTAOMIM3aLIH aKTHB-
HOCTH (hepMEHTa TeMIIepaTypa MpHU OcaxaprBaHUN
HE JOJDKHA OBITh BBIINIE ONTHUMAJBHOM, IydIle,
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ecnu ona Oymer Ha 1-2°C mmwxke ee. C apyroi
CTOPOHBI TIPOBEJICHNUE IPOLIECCa OCaXapUBaHUs MPH
TIOBBILICHHOH TeMmepaTrype 00eclednBaeT MHKpPO-
OMOJIOTMYECKYIO YHCTOTY, TIOJy4aeMOro CycIa.
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Pucynok 1. Hakonuenue rioko3sl B Ipolecce ocaxa-

pHBaHHUS B 3aBHCHMOCTH OT TeMmeparypsl, °C: 1 — 50;
2-55;3-60;4-65.
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Pucynok 2. HakorieHne Tr0KO3Bl B IpoOIecce ocaxa-
puBanus 1pu Temneparype 60 °C B 3aBucuMocTH OT
pH: 1-5,5;2-5,0;3-4,5;4-4,0.

Konnenrparust Bomoponusix noHoB (pH)
OKa3bIBaCT MHOTOCTOPOHHEE JCWCTBUE Ha TPO-
mece ocaxapupanus. C oxHoii croponsl H™ m3me-
HSIOT MOHHU3AIUIO aKTUBHOTO IIEHTpa U KOHQOP-
MAaI[MOHHOE COCTOSHUE TJIFOKOaMIJIa3bl, C APYToM
CTOPOHBI BIIMSIOT Ha CTAOMIBLHOCTH TPETHUUHOM
CTPYKTYpPHBI TIIFOKOaMuIassl [1].

MaxkcuManbHOe  HAKOIDICHHE  TIIIOKO3BI
Habmronaetcs npu pH 4,5 (pucyHok 2) u cocTaB-
astet 11,9 r/em?. C YBEIIMYEHUEM JO3UPOBKU TJIIO-
KOaMHJIa3bl Bo3pacTaeT oOpazoBaHHe A(PQPEeKTHB-
HBIX (DepMEHT-CyOCTpaTHBIX KOMILIEKCOB, a, Clie-
JIOBaTEIIbHO, W CKOPOCTh THAPOJM3a Kpaxmana
(pucyHox 3).
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Pucynok 3. HakomneHnue ria0K0o3bl B Ipolecce
OCaxapWBaHHA B  3aBHCHMOCTH OT  JTO3HPOBKH
rroKoaMmunassl npu Temmeparype 60 °C u pH 4,5, en I'nC
Har kpaxmana: 1 —4,0; 2 —5,0; 3 — 6,0; 4 — KOHTPOJIb.

[Ipu mpuMeHeHUN MYyJIbTUIH3UMHOTO KOM-
TIeKca HaOMIoJaeTcs yBEIMUYEHHE KOJIWYEeCTBa
III0KO03bI Ha 34,7 % 10 CpaBHEHUIO C KOHTPOJIEM.
Crenenp ruaponusa Kpaxmala YBEIHMYHUBACTCH,
TakK KaKk OH CTAaHOBUTCS 0OJIee TOCTYITHBIM IS JICH-
CTBHS OCaxapHBaIONIMX (DEPMEHTOB 3a CUeT THUAPO-
7132 OEJIKOBBIX BEIECTB M 000JIOUEK 3epHa STUMEHS,
CoJieprKalllnX FeMULEILTI0N03bl. 3 pucyHka 3 ode-
BHJIHO, YTO TIPUMEHEHNE MYJIBTHIH3UMHON KOMIIO-
3WIMM TIO3BOJISIET COKPATUTh PACcXOJ TITFOKOaMMIIa-
361 10 4,0 en I'nC Ha 1 T xpaxmana, BMecto 6,0 en
I'nC Ha 1 r kpaxMasia B KOHTpOJIE.
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