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AHHOTALUA

Tt TPOM3BOACTBA JUCTW/UISITOB U3 TONMHAMOYPa 060CHOBAHbI TEXHMKO-IKOHOMMYECKYIE ITPEMMYIECTBA UCIIONb-
30BaHMsI CYILIEHOTO ChIPhsSI [0 CPABHEHMIO C TIEPePabOTKOII CBEXKUX KITYOHEl, 3aKTI0UAIONINecs B CTAOMIN3aNN OU-
OXVIMIYECKOTO COCTaBa ChIPbSI M MOBBILIEHNY €I'0 MUKPOOMONIOTMYECKIX XapaKTePUCTHK, VICKITIOYeHVV CE30HHOCTH,
YIIPOIEHNM TEXHOTIOTMUYECKOro mpotecca. ViccnenoBan (pakumoHHBI cocTaB GPyKTO30ConepKaIUX YITIEBOLOB
CBIPbSI U TTOKA3aHO, UTO B [TPOLIecce MOMyYeHs CYLIeHOTO TOIMMHAMOYpa MIPOMCXOONUT AeTIOIMMepU3aLs OCHOBHBIX
YITIEBOZOB ChIPBSI 1, KAK C/I€ICTBME, TOBBIIAETCS CTETIeHb MX JOCTYITHOCTH K hepMeHTaTMBHOMY ruapoin3y. Comep-
SKaHVe CBOGOIHBIX PemyLMpyonmx caxapos (dpakiys @I) BospacTtaeT B 3-5 pa3, HU3KOMOIEKY/ISIPHBIX hpaKiys
uHymmHa (Gpaxuys @II) B 1,5 pasa. [IpoaHann3upoBaH 6eIKOBbIV KOMIUIEKC CYILIEHOTO TOMMHAaMOYpa M YCTaHOBIIe-
HO, YTO OCHOBHBIMM (Dpakiysivy GeJTKOB SIBIISTIOTCST atbOyMuHbI (58,2—-61,5% OT 06111ero 6€JIKOBOTo a30Ta), B ChIpbe
He 0GHapy>KeHbI IIPOJIAMMHBI ¥ IIIOTeMHBL. OnpeneneHsl GakToOpsl, BIVSIONE Ha TEXHOIOTMUYECKIe TapaMeTphbl
JBYXCTaIMITHOTO CI10Cc06a MOATOTOBKM CYIIEHOTO TOMMHAMOYpa K AUCTIMIISILMY. Ha mepBoMm 3tarne, mpy Momy4eHnmn
0caxapeHHOro Cyc/ia YCTaHOBJIEHbI ruapoMonyiib (1+4,5), Hopma 3agaun MUKpOOHOIE MHYyMMHa3el (3,0-4,5 ex. H/r
MHY/IMHA CBIPbST), JUIUTENbHOCTh (hepMeHTaTMBHOM 06paboTku (3 yaca npu Temmneparype 52+2°C). Ha ocHOBaHMM
U3ydeHys IHaMMKy Bbineerns CO,, OlleHKY KperocTy COPOKeHHOr0 Cyc/la M OnpeieieHysl B HeM JIeTY4/X KOMIIO-
HEHTOB PEKOMEHJOBAaHO MTPMMEHEeHMe CyXUX CITMPTOBBIX Iposkskeit Fermiol B komuectse 100 mr/100 r cyca, mpoBe-
JleHue Tpoliecca mpu temiieparype 28-30°C, IUTebHOCTb COpakMBaHus — 72 yaca. [Toka3aHo, UTO TIOAKUCIEHNE
Cpezbl Ha CTagyM IoyyeHus cycia 1o pH 4,5 mo3BosisieT CHU3UTD B COPOSKEHHOM CyC/Ie COfepyKaHye MeTaHoIa.
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1. BBegenue

ABSTRACT

For the production of distillates from Jerusalem artichoke, the technical and economic advantages of using dried
raw materials are substantiated in comparison with the processing of fresh tubers, consisting in stabilizing the
biochemical composition of raw materials and increasing its microbiological characteristics, eliminating season-
ality, simplifying the technological process. The fractional composition of fructose containing carbohydrates of
raw materials was studied and it was shown that in the process of obtaining dried Jerusalem artichoke, the main
carbohydrates of raw materials depolymerize and, as a result, their accessibility to enzymatic hydrolysis is in-
creased. The content of free reducing sugars (fraction FI) increases by 3-5 times, low molecular weight fraction
of inulin (fraction FII) by 1.5 times. The albumin complex of dried Jerusalem artichoke is analyzed and it is es-
tablished that the main protein fractions are albumins (58.2-61.5% of total protein nitrogen), prolamines and
glutelins are not found in the raw material. The factors influencing the technological parameters of the two-stage
method for preparing dried artichoke for distillation are determined. At the first stage, when obtaining the sugared
wort, a hydromodule (1 + 4.5) was installed, the norm of the microbial inulinase task (3.0-4.5 units IN/g inulin of
the raw material), the duration of the enzymatic treatment (3 hours at a temperature of 52 * 2 °C). Based on the
study of the dynamics of CO, emissions, the evaluation of the strength of fermented wort and the determination
of volatile components in it, it is recommended to use dry alcoholic yeast Fermiol in the amount of 100 mg/ 100 g
of wort, the process at a temperature of 28-30 °C, the fermentation time is 72 hours. It is shown that acidification
of the medium in the wort preparation stage to pH 4.5 allows to reduce methanol content in the fermented wort.

peHLn C IIpOU3BOAUTEISAMU APYTUX 0Tpacne171; 3aTpaThbl, CBSI3aH-

B nmocnennee Bpemst B Poccuy HameTniach TeHAEHLMS M3MeHe-
HMsI IIPUOPUTETOB MOTpebuTesIel Mpy BhIGOpe KPEIKoii aTIKorojib-
HO¥ TipomyKiyu. CyllieCTBEHHBI MHTEPEC MPOSIBSIETCS K CIIUPT-
HbIM HaIlMTKaM C apoMaTOM ¥ BKYCOM MCXOMHOTO ChIpbSI, MU
BbIOOpE KOTOPOro HEOOXOAMMO OPUEHTUPOBAThCS Ha psi (hakTo-
POB: 06bEMBI €TI0 3aTOTOBKY B CTPAHE U OTCYTCTBME OCTPOIi KOHKY-
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HbIE C ero NMpruobpeTeHreM, U UX JOJI0 B Ce6eCTOMMOCTY TOTOBOI
TIPOMYKIIMM; OCOGEHHOCTM GUOXMMMUYECKOTO COCTaBa, MO3BOJISI-
IoIlMie JOCTUTATh TPeOGyeMbIX OPraHOJEeNTUYEeCKUX IMOKa3aTeelt.

OnmHMM U3 TePCIIeKTUBHBIX BUIOB HOBOTO HETPAAMUIIMOHHO-
TO JIJIs1 BUHOZENTbYECKOM OTPACIy ChIPbSI SIBJSIETCSI TOMMHAMOYD.
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3BOJISIIOT BBIPALIMBATH JAHHYIO CETbCKOXO3SIICTBEHHYIO KYJIBTYPY
B JIOCTATOYHBIX JIJIs1 IIPOU3BOACTBA 0O0bemax. Kpome 3Toro, B Ha-
cTosIliee BpeMsl MEXKAY OTPaC/IsSIMM, UCTIONb3YIOIIMMM TOMMHAM-
6yp B Ka4eCTBe MCXOIHOTO ChIPbs, KOHKYPEHIIMS OTCYTCTBYeT. [1In-
POKMIT MHTEPEeC K MCIOb30BAHMIO TOMMHAMOYpa B psifie 0Tpacyeii
TTMIIIEBOI TIPOMBIIIIEHHOCTY OGBSICHSIETCST BHICOKO/ SKOHOMMYE-
cKkoit 3 PeKTUBHOCTBIO TTPOU3BOACTBA U TepepaboTku [1,2,3,4].

CBexkuii TOMMHAMOYP, C TOUKY 3PEHUST XPaHEeHMs], SIBISIETCS
CI0XHBIM CbIpbeM. ComtacHo pekoMmeHaanyssm 'OCT 32790-2014,
€ro XpaHsIT B Tape B YMCTbIX, XOPOILIO ITPOBETPUBAEMBIX ITOMeIIe-
HMSX (OBOILEXPAHWININAX, KAraTaxX) MM XOMOOVIbHBIX KaMepax
nipu Temrieparype ot MuHYC 4 °C 1o mnoc 1 °C ¥ OTHOCUTEIBHO
BJIQYKHOCTU Bo3myxa (85...90)%. Hemelkue cIielyaancTbl pac-
CMaTPUBAIOT KIYOHM TOMMHAMOYypa UCKITIOUATENIbHO KakK Ce30H-
HOe ChIpbe, He ToJjjIekalliee XpaHeHuIo [5].

B xavecTBe aJibTEPHATUBBI MOKHO pacCMaTpUBATh BapMaHT
MCTIONb30BAHMSI CYIIIEHOTO TOMMHAMOYpPa — ITPOMBIIIIIIEHHO BbI-
myckaeMmoro nponykra. K mpemmyiiectsam rocjiegHero cienyeT
OTHECTH, BO-TIEPBbIX, BO3MOXHOCTb KPYIJIOTOAMYHOIO MPOU3-
BOJICTBA MPOAYKLMM, BO-BTOPBIX, CTAGMIBHOCTh €0 6MOXUMMU-
YeCKOTO COCTaBa M BBICOKYI0 MUKPOOMOIOTUMYECKYIO UUCTOTY.
Kpome Toro, ucronb3oBaHue CylieHoro TOnMHaM6ypa mo3BosIs -
€T CyLIeCTBEHHO YIIPOCTUTH TEXHOJIIOTMUECKUI IIPOLIeCC, CKITIO-
YUB Takye onepaiyi, Kak MoiiKa ChIpbs ¥ €ro IpobieHue.

0630p HAYYHO-TEXHUUECKOW JIUTEpaTyphl, MOCBSIIEHHBI
BOIIpocaM TepepaboTky KiIyOHel TonmMHambypa, MOKa3bIBaeT,
YTO TEXHOJIOTMM, UCITO/Ib3yeMble B GPOAIIbHBIX IIPOM3BOACTBAX
MOTYT ObITh pasfe/ieHbl Ha [[Ba Kjacca. B COOTBETCTBUM C Tiep-
BBIM, ChIpbe MOABEPraloT rnepen pekTuduKanmuein JByxcTaanii-
HOJt 06paboTKe, TO eCTh, CHAYaJIa TOTYyYaloT OCaxapeHHOoe CyCIo
13 U3MeJIbYEHHOTO MaTepuaa, a 3aTeM BHOCSIT B HEr0 APOXCKU
¥ IPOBOJST Mpoliecc cOpakmuBanusi. Ha cTagum nomydeHust oca-
XapeHHOro Cyc/ia OTeYeCTBEHHBIMM CIelMaluCTaMy [oKa3aHa
MepPCIeKTUBHOCTh (DePMEHTATUBHOTO TUIPOIN3a MHYINHA ChI-
pbsI 3@ CUET ero camoocaxapuBaHusI TIOf, IefiCTBYEM COOCTBEH-
HBIX MHYIMHA3 [4, 6]. OMHOCTyIeHUaThle CXeMbl MepepaboTKu
KITyOHel TonMHamMbypa, He IIpegycMaTpUBaloIlye CTAAMIO TOMy-
YeHMsI 0CaXapeHHOTO Cyc/Ia, MPeAJIaraioT, B OCHOBHOM, 3apy6esk-
HbIe CrelManicThl. [To MHeHUIO GpaHIy3CKUX YUEHBIX [7, 8] mpu
repepaboTke KIyGHEl TomMHaMOypa, He MOABePTrHYTHIX MpeJ-
BApUTENbHOMY TMIPOINU3Y, Heleaecoo6pasHoO MCIONb30BaTh
IPOXKM BUa S. cerevisiae, T.K. OHM He 06J1a1al0T MHYIMHA3HOI
aKTMBHOCTBIO. [IepcrieKTMBHO MpuMeHeHNe, B JaHHOM CIydae,
nposxcokeit Bupa Kluyveromyces. IIpoBemeHbl MCCIeIOBaHUS TI0
cOpaXMBaHUIO Cycaa M3 KIyOHell TomuMHamMb6ypa ApOsksKaMu
Kl. marxianus [7, 9, 10] u KI. fragilis [8].

2. Marepuajbl ¥ METOIbI

B kauvecTBe ChIpbsi B paboTe MCIIONb30BaHbl KIYOHU TOIMK-
HaMmbypa copTa «CKopocIenka» U MoTyuyeHHbIe U3 HUX 00pasIibl
CYIIIEHOTO TOMMMHAMOypa.

AHanu3 6MOXMMMUUECKOTO COCTaBa ChIPhsl BKITIOUAJ OTIpere-
neHMe HPakUMOHHOTO cocTaBa (GpyKTO30comepsKalnUx yIiaeBo-
JIOB CbIPbSl, IPOBEIEHHOE C MCII0/Ib30BaHMEM CXeMbl, KOTOpast
BKJIIOUajia BbIgeneHue Tpex (pakumit: ®I — pemynupyomie
cBO6GOmHbIE caxapa; DI — onurocaxapuasl ¥ HU3KOMOJIEKYIISIP-
Hble Gpakiyuy unynuHa; ®III — BeicoKOMOoNeKysIpHble hpakLun
uHyauHa [6]. [Tocnenyolnee onpeeneHye caxapos Bo Gpakuum
@I u rugponmsartax ppaxkunit OII u OIII mpoBOAUIM METOIOM
BBICOK03((DEKTUBHO KUAKOCTHOM xpomoTorpadum [11].

@paKIMOHHBIA cOCTaB G6GEJIKOB CYIIEHOTO TOMMHaMGypa
oIpefieNisyii C UCIONb30BaHMEM MeTOJa MX BbIJeNeHUs I10
T. Oc6opHy, IIpeayCcMaTPUBAIOIIETO MCUYEPIIBIBAIOIIYIO ITOC/Ie-
JIOBATEJIbHYIO 9KCTPaKUMio. IIpy 3TOM BbIZe/ieH)e albOyMIUHOB
MIPOBOAWIN OUCTWIIMPOBAHHOI BOAZON, MIoOyn1MHOB — 10%
NaCl, nposmamuuoB — 70 % 3TaHosioM 1 mitoTeHoB — 0,2 % pac-
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tBopoM NaOH [12]. CocTaB cBOGOIHBIX aMUHOKUCIIOT B ChIPhE
OIIEHMBAIN C MCIIOAb30BAHMEM MeTOJa BbICOKOI(hGhEKTUBHOI
SKUIKOCTHOI XpomaTorpadum [13].

VccnepoBaHye cocTaBa 0caxapeHHOTo CycIa M 9KCTpaKTa IIpo-
BOIMIM IIyTeM OIpeJie/leHNsI MacCOBOV KOHLIEHTPaLM CyXUX Be-
mecTB pedpakTOMETPUIECKMM MeTOHOM. BennuuHy TeKydecTu
OTIpeqieNIsS/Iv B YCJIOBHBIX €NVHNIIAX: T10 KOMMYECTBY MIUTMIATPOB
CycJla, BBITEKAIOLIero 13 BOPOHKM Yepe3 COIUIO OIpeZesieHHOIOo
pasmepa 3a BpeMsi, TpeGyloleecs: /i1 BBITEKAHNS M3 BOPOHKU
100 cM® BompI MM IO BPEMEHU UCTEUEHMsT OTIPEIe/IEHHOTO 00b-
eMa cyc/ia uepe3 KaaubpoBOUHOe OTBepcTHe. BpeMs mcreueHus
u3Mepsn ceKyHaoMepoM. CofepskaHye OTe/IbHBIX CaXapoB Me-
TOZOM BbICOKO3(DDEKTMBHOI KMAKOCTHOIM xpomatorpadum [11].

I[Ipu uccemoBaHUY COCTaBa COPOKEHHOTO CYCIa OMpemens-
7 IMHAMMKY Bbifenenns CO, BeCOBBIM METOZIOM, OIpefieleHue
MacCcOBOJ KOHIIEHTPAIUy CIMPTa B COPOKEHHOM CYCIe TI0 Me-
Topy [14], comepskaHye TeTyunxX KOMIIOHEHTOB METOIOM Ta30-
Boi1 xpomaTtorpaduu 1mo 'OCT 33834-2016.

3. Pe3syabTaThl M 06CYXIEHUE
3.1 Buoxumuueckuii cocmaeé monuHamoéypa

[IpM olleHKe OMOXMMMYECKOTO COCTaBa TOMMHAMOypa oc-
HOBHbIe MCCIeIOBaHMSI yUeHbIX HAIpaB/leHbl Ha M3yUeHNe ero
YIJIEBOJHOTO KoMIuiekca [3,6,15], OCHOBY KOTOPOTO COCTABIISI-
10T GPYKTO3a U ee MOMMMePbI PA3IUYHONM CTEIeHM CIOKHOCTH,
BBICIIVM TOMOJIOTOM KOTOPBIX SIBJISIETCSI MHYJIMH — CaMBblii BbI-
COKOMOJIEKYJISIPHBII cpenu GpyKTo3aHOB. B HacTosIee BpeMs
CUMTaeTCsa JOKa3aHHbIM, UYTO MHYJIMH OTHOCUTCS K I'PYIIIIe I10-
MPYKTO3aHOB ¢ SMIMpudeckoit popmyinoii (C.H, O,) u mpex-
cTaB/sieT co60it MoMUGPYKTO3HYIO IeMb, B KOTOPO OCTaTKM
D-dpykTo3sl (10 96 %) cBsizaHbl B-2,1-CBSI3bI0, IPUYEM KaxKkgast
LIelb C HepeAyIMPOBAHHOTO KOHIIA 3aKaHYMBAETCSI MOJIEKY/IOi
D-ITI0KO03bI (70 6 %), COemMHEeHHOIT ¢ GPYKTO3071 3-1,2-CBA3bIO.

[Tpu BBIGOPE TEXHOIOTUUECKNUX PEKMMOB TIOATOTOBKY TOTIN-
HaMObypa K cOpakMBaHMIO HEOOXOIMMO YUUTHIBATH HE TOIBHKO
obmiee comepykaHue (PPyKTO30COMEPKALINX KOMIIOHEHTOB, HO
u ux GpaKIMOHHBIA COCTaB, TaK Kak Ipoiiecc hepMeHTaTUBHO-
IO TUAPOJIN3a YIJIEBOAOB ChIPbSI 3aBUCUT, BO-IIEPBBIX, OT CIIO-
COGHOCTY TIONIMMEPOB MEPEXOIUTh B PACTBOPUMOE COCTOSIHUE,
BO-BTODBIX, OT CTeNIeHM UX monuMepu3aiuu. [Ipu aHanmse cBe-
KUX KITyOHei TonmMHambypa, ycraHosieHo (Tab6m. 1), uto cpeau
YIJIEBOMIOB B ChIpbe MpeobnamatoT dpakuyy ®II u OIII, ux comep-
>KaHMe COOTBETCTBEHHO BapbupyeTcs B npegenax (29,1...33,9)%
u (41,0...54,4)%. B mcciegoBaHHBIX 06pasiiax CyIIEHOTO TOIM-
HaMOypa BbISIBJIEHbI CYI[€CTBEHHbIE M3MeHEeHMs BO (DpaKIvoH-
HOM COCTaBe JaHHBIX KOMIIOHEHTOB.

Ta6muua 1
@paKIMOHHBINA cocTaB GPyKTO30COAEPKALIUX
VIJieBO4OB B TOIIMHaMGVpe

ConepskaHue,% B cyxoMm Benectse (CB)

®paxuyst Kiryoun CyuieHbIi
TonuHaGypa TONMMHAMOGYP
[ 1,5+0,2 6,6 £0,3
oIl 32,0+1,9 50,4+ 3,5
oIl 47,7+ 6,7 11,1£2,4
S 79,5+8,8 68,1+6,2

VCTaHOBIIEHO, UTO B MPOIIECCE CYIIKM ChIPbSI B HEM YBEJINYN-
BaeTCsl cofepikaHye HU3KOMOMEKYIISIpHbIX (pakimii. Komnuect-
BO CBOOOIHBIX PEAYLMPYIOIMX CaXapoB BO3pAacTaeT B CPeqHEM
B 3—4 pasa, ppakiuu ®II yBennunBaeTcs 6oee uem B 1,5 pasa.
JauHbIit HaKT CBSI3aH C MPOTEKAHMEM TPOLIECCOB pepMeHTATUB-
HOTO TMIPOJN3a BHICOKOMOJIEKY/ISIPDHBIX (DPaKLMii MHYIMHA TIOf,
JeJiCTBYEM COOCTBEHHBIX MHY/IMHA3 ChIPbSI (IT0 JAHHBIM OTEUECT-
BEHHBIX YUE€HbIX CyMMapHasi I'MPoJIa3Hast aKTUBHOCTD B KITYOHSIX
TOMMHAMOYpa cocTaBisIeT 3,3—4,5 e/1./T MHYIMHA ChIpbs [16]).
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Kpome yrieBomoB, KIy6HM TOMMHAMOypa comepskaT a3o-
TUCTbIE BeIeCTBa, MUKPO- UM MaKpOIJIEMEHTbI, BUTAMUHBI.
CofepskaHue a3OTUCThIX BEIECTB BapbUPYeTCsl B Ipefesiax
ot 4,3 o 11,0% [17]. Ha momio 6e1KOBOTO a30Ta MPUXOJUTCS
57-59%, nebenkoBoro — 41-43%. VKpauHCKMue MCCIem0Ba-
tenu [18] ycTaHOBWIM, YTO TO CcOGANaHCUPOBAHHOCTU He3a-
MEHMMbBIX AMMUHOKUCJIOT TOMMHAMOYD TMPEBOCXOAUT 3€PHO
3JIaKOB.

AHanu3 6eKOBOr0 KOMIUIEKCA 06PasIoB CYNIEHOrO TOMM-
HaMmbypa ToKas3asi, YTO OCHOBHBIMM GeJIKAaMMU B HUX SIBJISIIOTCS
anbOyMMHbBI, MacCOBAast IOJIST KOTOPBIX BAPbUPYETCS B TIpefenax
2,5-3,3%, comepkaHue rino6ynnHOB cocrasisier 0,24-0,33%.
B o6pasiax cyIeHoro TonMHam6ypa, moyuyeHHbIX U3 KIyOHeii
copta «CKopocIienka» He 06HaPY>KeHbI TPOJIAMUHbI U TTIOTENN-
HblI (Tab6. 2).

Tab6nuia 2
CopepskaHne 6eTKOBbIX (pakimit
B CYLIEHOM TOIMHaMOype
A3oT dpakumii (B % OT 0011ero 6eJIKOBOro a30Ta)
= =t N
] - ] 3 =
o] <) = ] 2
=) ) .
: = 2 = g  x
E. 5 o 5] = c 8
© 3 = B < a5
2 E & 2 'S ol
< = 5 = = 8
59,9+1,6 55+0,4 — — 29,6+1,3 6,0+24

Vi3BecTHO, UTO (Gpakimy GelIKOB ChIPbSI UMEIOT Pa3IMUHYIO
cybeTpaTHYIO crieiduuHoCTb. Bomo- 1 conepacTBOpuMbIe Ger-
KU JIerye MmoABepraioTcs pepmMeHTaTMBHOMY I'MAPOIN3Y, TaK Kak
OHU TUAPOGUIBHBI B OTVIMUME OT MPOJIAMWHOB U TIIOTENTMHOB.
B mesiomM, HecMOTpSI Ha o06liee MOHMKEHHOe cofepskanue 6e-
Ka B TOMMHAMOYype, TI0 CPAaBHEHMIO C er0 COfiepkaHueM B 3epHe
(cpennee — 10-13 %, cpeny HUX pacTBOPUMBIX 6€JIKOB — He 60-
Jiee 30 %), BaHHBIN BU, ChIPHSI, C IO3ULUM OLEHKM €r0 a30THOTO
COCTaBa, MOXKHO CUYMTATh MOTHOLIEHHBIM.

Takke B pa6ote [19] uccieoBaH cocTaB CBOGOJHBIX aMUHO-
KUCIOT B 06pa3iiax CyleHoro TonMHamMmoypa. YCTaHOBJIEHO, UTO
OCHOBHBIMM M3 HUX SIBJISIIOTCSI TJTyTaMMHOBAsl KMUCIOTa, TIyTa-
MWH, acriaparuH, aprMHUH ¥ TPEOHUH. VI3BeCTHO, UTO aMUHO-
KUCJIOTHBIN COCTaB ChIPhSI MOKET OKa3bIBATh BJIMSIHME HA TPO-
TeKaHMe Tpoiecca cOpakuBaHMUSI U XapaKTePUCTUKY TOTOBOTO
MPOAYKTa, TaK KaK OMpeaeieHHble aMUHOKUCIOTHI SIBJISIIOTCS
TpeAIecTBeHHMKAMY 00pa30BaHMs DPSIia BBICIIMUX CIVPTOB.
K npumepy, TpeOHMH, BaJauH, IEMIIVH U (peHMUIaTaHMH MOTYT I0-
BBILIATH COMlepykaHMe B COPOKEHHOM CyC/ie TaKUX CIUPTOB Kak
MIPOIMUJIOBBIN, M306yTUIIOBBIN, M30aMUJIOBBIA U 2-heHuIsTa-
HOJI COOTBETCTBEHHO. BhICIIIMEe CIUPTHI SIBJISIIOTCS BasKHEIIMMU
JIETYUYMMM COCTABJISIIOUIMMY CIIMPTHBIX HANMUTKOB. [Ipmnuem, Ha
OPTaHOJMIeNITUYECKME XapaKTEPUCTUKY TOTOBOTO MPOIYKTA OKa-
3bIBaeT BAMSHME He TOJMbKO copepykaHMe OTHeNbHbIX CIIMPTOB,
HO U MX COOTHOUIEHNE.

B 1esioM, nmpyMeHeHMe CyIIeHOro TOMMHaMGypa JJIsl Pou3-
BOZICTBA CIIMPTHBIX HAIMTKOB HA OCHOBE AUCTUJIISTOB, IO CPaB-
HEHMUIO, C MCIIOIb30BaHMEM CBEXMX KIYOHEN MeeT cJieaylomiye
MpeuMyIecTBa:

— BO3MOXXHOCTb BHECE30HHO1 ITepepaboTKu;

CTabUIBbHOCTH OMOXMMUYECKOTO COCTaBa ChIPhST ¥ TTOBBIIIIE-
HJE ero MUKPOOMOIOTMYECKUX XapaKTEPUCTHUK;
VIIPOILEHVE TEXHOJIOTMYECKOI CXeMbI ITepepaboTKu;
JleroMepu3anis OCHOBHBIX YIVIEBOJHBIX KOMIIOHEHTOB
CBIPbSI U, KaK CJIE[ICTBIE, IIOBBILIEHME CTeTIeHU UX JOCTYITHO-
CTU K hepMeHTaTUBHOMY TUIPOJIA3Y;

ITOJTHOLIEHHOCTH 6EJIKOBOT'O KOMIIJIEKCA, B CBSI3M C BBICOKUM
cofep>kaHMeM pacTBOPMMbIX GEIKOB ¥ CBOOOHBIX aMUHO-
KUCJIOT.
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3.2 Cmadus nonyyeHus ocaxapeHHozo cycaa

ITpu pa3paboTke HOBOW BBHICOKOI(DDEKTUBHON TEXHOIOTUMU
CIIMPTHBIX HAIMMTKOB M3 CYIIEHOTO TONMMHAMOypa Ha TepBOM
ararne paboT HeOOXOAMMO GbLIO YCTAHOBUTH 3aKOHOMEPHOCTM
M3MEHEHUS YITIEBOAHOTO KOMIUIEKCA MCXOMHOTO ChIPbSI B MPO-
1iecce TIOTyYeHMs 0CaxapeHHOro Cyca.

B kauvecTBe MeTonma memonauMepusaluu GpPyKTO3aHOB Chi-
pbsl, Cpelyi U3BECTHBIX, ObUT BhIOpaH (hepMeHTaTUBHBIA. B mc-
C/IefOBaHMSIX ISl TAponn3a GPyKTo30comepsKalinx YIIeBO#0B
CYIIEHOTO TOMMHaMOypa NMpuMeHsUM (GepMeHTHBIN IMpernapaT
OTEeUeCTBEHHOTO MPOU3BOACTBA, COAEPKALINIT MUKPOOHYIO K-
3ouHyAnHasy Inul A. Awamori [20].

JKCIepMMeHThbI ObUTM TIPOBENEHBI B IBYX BapuaHTax: Ba-
PUAHT A — TUAPOIN3 TIOTVIMEPOB ChIPbSI O[], AeICTBYEM COOCT-
BEHHbBIX MHY/INHA3 TOIMMHAMOYpa; BapyuaHT B — rumgponus mpu
COBMECTHOM [I€IICTBMM MHYINHA3 CHIPbSI ¥ MUKPOOHOI 9K30M-
HY/IMHA3bI B JO3UPOBKe, MPUHSTON MPU TUAPOIM3€e KPaxmasio-
copepyKaliero CoIpbsi — 7,5 eJ1./T UHYAMHA ChIPbSL.

PesynbTaThl MccnegoBanmii (Tabm. 3) mokasaau, uTo IIpe-
JeIbHO-IOMYCTUMOe 3HaueHue TUAPOMOIYJs, OIleHEHHOe II0
TeKyueCTy TeXHOJOTMUYECKIUX Cpell, COOTBETCTBYeT 1:4,5 (3Haue-
HMe He JOJ/DKHO TpeBbiiaTh 10 ¢). BHeceHme MUKpoOOHOTO dep-
MEHTHOTO Tpernapara, 06JafaroIero akTMBHON SK30MHYIMHA-
300, MPAKTUUECKM He BJIUSIO HA TEKYUeCTb.

Tabmuua 3
Bnausiame TUAPOMOAYJISA Ha IMPpoLecC nmorydyeHms
0CaxapeHHOro CyC/Ia 3 CyLIeHOro TONMHaMOypa

Konuenrpanms,%

1511/([)';1;7;:;, Texyects, ¢ Cycio DKCTpaKT
A B A B A B
1:6 4 4 12,5 13,4 3,1 3,2
1:5,5 5 4 13,9 14,5 3,4 3,5
1:5 6 5 15,0 16,0 3,7 3,8
1:4,5 8 6 17,0 17,3 4,0 4,1
1:4 25 18 17,5 18,0 4,3 4,4

VCTaHOBJIEHO, UTO KOHILIEHTPALMSI CYc/Ia MPYU CHUKEHUN TU-
JIPOMO/IYJISI 3aKOHOMEPHO Bo3pacTasa (1o BapuaHTy A — ot 12,5
o 17,5%; o Bapuanty B — ot 13,4 no 18,0 %). OgHako, mpu Iie-
pecueTe Ha I'MAPOMOZAY/Ib 1:6 OHA MPAKTUYECKM He MeHsSIach,
CHIM3KANACh JIMIIb ITPU TUIPOMOyJie 1:4, UTo IMOATBePXKIaIo Mo-
JIyuyeHue cpef, C 3aTPyAHEHHbIM MePeBOIOM CYXUX BellleCTB Chbl-
PbsI B paCTBOPUMOE COCTOSIHME U3—3a CJIOKHOCTY ITPOXOKIEHUS
I(E y3MOHHBIX MTPOIECCOB.

dddexTMBHOCTh 06paBOTKYM ChIPbSI HA CTAAUY TIONTYUEHUS
ocaxapeHHOro cycia B paboTe Takke OIE@HMBAIM IO BIUSHUIO
TMOPOMOZYJISI Ha KOHLIEHTPAIMI0 9KCTPaKTa — MPOAYKTA, MOJTY-
YEHHOTO ITyTeM CMEeNIVMBAHMS 0CaxapeHHOro Cycia C GOIbIINM
KOJIMYECTBOM BOJIbI C TIOC/IeAyIOIIeli huabTpanyeit. DTOT MoKa-
3aTesb, KaK [TI0Ka3aHO B paboTe [21], TO3BOJSIET MOMYIUTD TaH-
Hble TI0 MaKCUMaJIbHO BO3MOKHOMY TepeBOAY CyXUX BelleCTB
ChIPBSI B pAaCTBOPUMOE COCTOSTHHE.

Takke B paboTe BapbMpOBajach J03MPOBKa (HepMEHTHOIO
rpernapara, Kotopasi cocrasisiia ot 1,5 mo 7,5 em./r MHynuHa
cbIpbst. CycI0 TOTOBWIM COIVIACHO BBIGPAHHOMY TMIPOMOMYJTIO
(1:4,5), mpotiecc TMAPOJM3a OCYIIECTBIISIN TIPU €CTECTBEHHOM
pH cpenst (pH=6,0), IiMUTEeIbHOCTh Tpoliecca 06paboTKM IIpu
temmeparype 55°C cocrasisiia 3 yaca (peKOMeHJOBaHHbIE pa-
Hee peXMMHbIe TapaMeTpbl MOJMyYeHUs Cycla U3 KIyOHeli To-
nmuHambypa [6]). B pabore 6bUIO PacCMOTPEHO [Ba BapuaHTa
TIONTyYeHusT Cycia: BapuaHT [ — 6e3 MCIOoNIb30BaHMsSI MUKPOO-
HOVi MpoTeasbl (pepMeHTHOro mpernapara MpOTeOTUTUUYECKOTO
nevicteust Heitpasa 0,8 L), BapuanT II — ¢ ucnonb3oBaHuem
MMKpPOOHOI TpoTeassl. 1le/ib BBIMOTHEHUS] MCCIENOBAHUI I10
BTOPOMY BapMaHTy 3aK/Jl04yanach B BBISIBIEHUM BO3MOKHO-
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CTY TIOBBINIEHUST 3(PGHEKTUBHOCTY TOATOTOBKM CYIIEHOTO TO-
nMHaMOypa K AVCTWUISIIVN, TaK Kak paHee B pabore [22], mo-
CBSILIEHHO! M3YYeHMIO TIpOliecca IOMyYeHUsT OCBETIeHHOTO
ocaxapeHHOro Cycia U3 CBEeXUX KiIyOHeil TornmHaMmbypa, 6bIIo
MoKa3aHo, 4To ucnosib3oBaHue Heitpasel 0,8 L — mpemnapara,
06J1aJalo0IIero SHAO0MPOTEMHA3HOM aKTUBHOCTHIO, YBETUUNBAET
niepexo;, GPyKTO3aHOB CHIPBSI B PACTBOPUMOE COCTOSIHME BCIIE[-
CTBUE UX BBICBOOOKAEHMS U3 CBSI3aHHOTO COCTOSIHUSI C GEIKOM
(pekoMeHayemasi mo3upoBKa Hevitpassl cocrasisiia 0,01-0,02
en. IIC/r 6enka ChIpbs).

VCTaHOBIEHO YTO, COAep)kaHue pemylupyIoLuMX CcaxapoB
C yBeIMYeHNMeM IO3MPOBKM BHECEHMS MUKPOOHOI MHY/IMHA-
3bl 3aKOHOMEDPHO BO3pacTano [23]. C 5KOHOMMYECKOV TOYKMU
3peHMs] TPeJIOUTHUTEIbHA JO3MPOBKA MHYIMHA3BI HA YPOBHE
3,0-4,5 en./r MHYJIMHA ChIPbHS.

Kaxk m3BecTHO, mpoiiecc GpepMeHTaTUBHOTO TMAPOIM3A TO-
JIMMEPOB ChIPbSI MPOTEKAET BO BpeMeHMU. [Ipy momyueHnn cycia
13 KITyOHe TonmHaM6ypa, 6b1a BbIGpaHa IMPOAOIKUTETbHOCTD,
paBHas TpeM dacam [6]. VisyueHre TMHAMUKY U3MEHEHVS KOH-
LIEHTPALMM CYXUX BeIleCTB ¥ CBOOOJHBIX PeAYIMPYIOLIMX caxa-
POB Mpu MepepaboTKe CYIIEHOI0 TOIMHAMOypa TaKKe O3B0~
J10 060CHOBATH IJIUTETHHOCTH Mporiecca — 3 vaca [23].

IIpu pa3paboTke BbHICOKOIDHEKTUBHBIX TEXHOMOTHIA TTHIIe-
BBIX MPOJAYKTOB, OCHOBAHHbIX Ha (DePMEHTATUBHOM TUAPOIM3E
TIOJTMMEPOB PACTUTENBHOTO ChIPbS, HEOOXOIMMO YIUTHIBATH BECh
KOMIUIEKC TTPOIIECCOB, TIPOUCXOISIINX B HEM ITO[] IEMICTBMEM KaK
COOCTBEHHBIX (DepMEHTOB, TaK ¥ BHOCUMBIX C (hepMEHTHBIMMU
npenapataMiu. IIpy 9TOM HEOOXOIMMO YUMTHIBATH CJIEAYIOLINe
OCHOBHbI€ (DaKTOPBI: B TIEPBYIO OUEPEb — 3TO OCOOGEHHOCTU OU-
OTIOJIMEPOB JAHHOTO PACTUTEIBLHOTO ChIPbSl, T€TEPOTEHHOCTh
cybeTpaTa, IPUCYTCTBME PasHOTO pofa 3¢ eKTOPOB, CITOCOGHBIX
aKTMBUPOBATh V/VIV MHTUOMPOBATh KaK SHAOTeHHbIe (hepmMeH-
ThI, TAK 1 )epPMEHTHI B cOCTaBe hepMEeHTHbIX ITPerapaTos.

OnHuM 13 pakTOPOB, ONpeaesonmx 3¢GPeKTUBHOCTh dep-
MEHTaTUBHOTO TUAPOIN3a MOMMMEPOB ChIPbS, SIBJISIETCS CO3/1a-
HMe ONTUMaNbHOTrO pH TexHomornveckoit cpensl. IIpu mepepa-
60TKe CyLIeHOTO TONMHAMOYypa Mpu BLIOPAHHOM TUAPOMOLYIIE
(1+4,5) pH cpenpl HaxomuTCcs Ha ypoBHe 6,0—6,5. HcIonb3y-
eMblii MUKPOOGHBI (epMeHTHbIN MpenapaT Inul A. Awamori,
06TaJalomnii 9K30MHYIMHA3HOM aKTUBHOCTHIO, TIPOSIBIISLI, IO
JAHHBIM MpousBoauTess [20], MaKCMMaIbHYI0 aKTUBHOCTD IIPU
pH 4,0-4,5; depmenTHblii npenapat HeiiTpasa 0,8 L u cobet-
BeHHbIE MHYIMHA3bI ChIpbsT ipy pH 6,0-6,5.

Takske B paboTe YUMUTHIBATIOCH, UTO IO CPABHEHMIO C 3€PHOM,
KOTOpOe TpeiyIoskKeHO UCIOMb30BaTh B KAUeCTBE OCHOBHOT'O Chl-
Pbs OJIs1 TTOJTYYEeHUS OVCTUIIATOB U CIIMPTHBIX HAIIMTKOB Ha UX
OCHOBe [24,25,26], TOomMHAMOYDP COIEPKUT IMOBBIIIEHHOE KO-
YeCTBO MEeKTHHOBBIX BemecTB. Cpey HUX IIpeobiamaeT HepacT-
BOPMMBIi IPOTOMNEKTHH [27], YTO CIefAyeT CYUUTATh IIOJIOKUTENb-
HBIM, C TMO3UIMM OLIEHKM TaHHOTO BUAA ChIpbs. BmecTe ¢ TeMm,
TEeKTVH TOMMHAMOypa XapaKTepuU3yeTcsl BBICOKOJ CTENeHbIO
MEeTOKCUIMPOBAHMsI, TO €CThb B Ciiyyae (pepMeHTaTUBHOTO T'Mi-
JIpon3a ChIpbs, TIOA, AeiCTBYEM IeKTMHICTepa3bl B KOHEUHOM
MPOJYKTE MOKET HaKaruIMBaThCSI CBEPXHOPMATUBHOE Cofepska-
HMEe METMUIOBOTO CITUPTA.

JlaHHbIe 0 IEKTMHACTEPa3e TOMMHAMOYpa MO3BOJISIIOT TPOTHO-
3MPOBAaTh COAEPKaHNMe MEeTaHO/Ia B TIPOAYKTE M PEKOMEHAOBATh
Ha OCHOBE TEOpeTUYEeCKUX MPeATIOChUIOK ONTMUMaabHble TEXHO-
JIOTMYECKMe mapaMeTphbl Ha BCEX CTaAMSIX IepepaboTKM KITyOHeiA.
VCTaHOBJIEHO, UTO MEKTUHICTEPA3Hast aKTUBHOCTb TOMMHAMOYpa
BapbupyeT B npenenax 0,22-0,35 en./r, 4To, Ha MEPBbIi B3I,
xXapakTepusyeT ee Kak HU3Kkyw. OgHaKo, Mpu ee pacuere Ha 1 T
TeKTMHA ChIPbSI M (Pl 3HAUMUTENTBHO BO3PACTAIOT (B CPEIHEM JI0
40 en./r). [IpyyeM BBISIBIEHO, UTO TIEKTUMHAICTEPA3a TOMMHAMOY-
pa MpoSIB/IsIeT MaKCMMAaJIbHYIO aKTMBHOCTD B HETpalIbHOI cpefie
nipu pH 6,0-7,0. [Tyrem noxkucieHus cycia ao pH 4,5-5,0 Mosx-
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HO CHU3UTb ee aKTMBHOCTb Ha 25-50 %. TaKoii TeXHOIOIMUeCKIIiA
TIpy1eM, Kak M3BECTHO, TPUBOAUT TaKKe K YAYUIIIEHNI0 MUKPOO-
OJIOTMYECKOJi YMCTOThI COPakMBAEMOTO CyCIIa.

IlaHHBIE 110 BIAUSIHUIO PEXXMMHBIX ITapaMeTPOB IepepaboTKu
TomMHaMOypa Ha cofiepskaHye OTAeTbHBIX CaXapoB B OCaxapeH-
HOM Cyc/ie TipeficTaBiieHbl B Tabt. 4.

Tabnuma 4
BiusiHue pesKMMHBIX ITapaMeTPOB nepepadéoTKu
TOonMHaMOypa Ha comepyKaHye OTOeIbHbIX cCaXapoB
B 0CaxapeHHOM CyciIe

CozepkaHue OGpasubl 0OcaxapeHHOro CyciIa
caxapos, 1% 2% ki 4
1/100 cm? (PH=6,0) (pH=4,5) (pH=6,0) (pH=4,5)
®pykTO3a 5,62 8,80 6,57 9,16
Tmoko3a 0,90 2,02 1,08 2,13
Caxaposa 2,18 1,06 2,08 1,05
TpudpykTo3aH 0,11 0,09 0,08 0,10
CymMa caxapoB 8,80 11,97 9,81 12,44

* be3 MCITONMb30BaHMsI MUKPOOHOI IIPOTeasbl
** C BHECEHMEM MUKPOOHOI poTeasbl

[TonydyeHHbIE TaHHBIE TIO3BOJISIIOT CAENIATh CAeAyIolIye BbI-
Bozbl. TTonkucienne 3ameca 1o pH=4,5 moBbIliaeT cymmapHoe
colepskaHue caxapoB B cycie Ha 26,8-36,0% mo cpaBHeHUIO
¢ obpasiamu, IMOJYYeHHBIMM IIPUM E€CTECTBEHHOM 3Haue€HUU
pH=6,0, B OCHOBHOM 3a CUeT yBeJIM4YeHMsI MacCOBO¥ 1onu Gppyk-
TO3BI U [TI0KO3bI. CozlepykaHme caxapo3bl, HAIIPOTUB, CHUKAETCS
IoYTH B 2 pasa. BeposiTHee Bcero AaHHbIi (akT CBSI3aH C CO3/1a-
HyeM 6ojiee ONTUMAaJIbHbIX YCIOBUI )i NEeiCTBUS MUKPOOHOI
VMHY/IMHA3BI.

[OTIOMHUTEIbHOE BHECEHVE MUKPOOGHOI SHIOTPOTEMHA3HI
B BapuaHTe 6e3 MOAKMCIEHNS MMOBBIIIAeT CyMMapHoe comepska-
Hue caxapoB Ha 11,5% (o6pasupl 01 u 03), Ipy MOAKMUCIEHUN
IaHHOE yBeJIMUeHMe COCTABIISIET OKOMO 4 %, TO eCTb B BApMAHTE
¢ noaxkuciaeHuem cpenbl 3bdEeKTUBHOCTD NeiicTBus HeitTpasbl
0,8 L cHmkaeTcs U er0 BHeCeHMe CTaHOBUTCSI SKOHOMMUYECKU
Hellesecoo6pasHbIM.

B menom, u ¢ yueToM pesy/ibTaTOB MCCIELOBAHUIA, TIpem-
CTaBJIEHHBIX B paboTe [28] 1O BBISIBIEHUIO BAVSHUS PEKUMHBIX
rapaMeTpOB MepepaboTKY CYIIeHOTo TOMMHAMOypa Ha YIJIeBOI-
HbIIi ¥ 6EJIKOBBII COCTaB OCAXapeHHOIo Cyc/ia, PEKOMEHI0BAHO
JIBa BapMaHTa MOATOTOBKY ChIPBSI K COPaKMBAHUIO:

BapuaHT 1 — JonosHuTenbHOe BHeceHue Heritpassl 0,8 L
¥ TIepepaboTKy ChIPhs TP ecTeCTBeHHOM pH 3ameca.

BapuaHT 2 — MMOAKKUCIeHMe 3ameca 1o pH=4,5 1 npoBeneHne
rpoiiecca 6e3 IOMOJTHUTETbHOTO BHeceHus HeiiTpasa 0,8 L.
[TperMyIIecTBO OJHOTO U3 ABYX BapMaHTOB ObUIO OIpese-
JIEHO TIOC/Ie TPOBENEeHUS] SKCIIEPMMEHTOB IO COpakMBAHUIO
06pasIoB 0CaxapeHHOro Cycia M aHaIuM3y COPOXKEHHOTO Cycia
10 KPETOCTU U COZlePsKaHMIO OTAeIbHbIX IETYUMX KOMIIOHEHTOB.

3.3. Cinadus copaxcusaHus ocaxapeHHozo cycia

CopaskuBaHMe SIBJSIETCS] OLHMM M3 OCHOBHBIX 3TaloB IpU
MIPOM3BOACTBE OUCTUIIISITOB, B XOJe KOTOPOTO I0f, JeliCTBMeM
(epMEeHTHOTO KOMILIEKCA IPOXCKeHl IPOVMCXOOUT HauyalbHOe
dhopMmpoBaHMe KaueCTBEeHHbIX [T0KA3aTeNeii IPOgyKTa.

AdderTMBHOCT TpoIlecca COPaKMBAHUSI UHYIUHCOIEPKA-
IIeTo ChIPbSI 3aBUCUT OT psAfia HakTopoB, B TOM YUC/IE OT XUMMU-
YeCcKOro COCTaBa Cyc/ia, ero KOHLeHTPaLyM, CTeIIeHM IYIPonu3a
MOMMIMEPOB CBIPBSI, UCIIOIB3yeMOI Pachl OPOsKKeit, nx ¢usmo-
JIOTMYECKOTO COCTOSIHMSI U OCOGeHHOCTeli MeTabonu3ma, mpo-
JIO/DKUTENbHOCTY COPaKMBAHUSI M TeMIIepPaTyPHBIX DEKMMOB
MIpOBefieHMsI Ipoliecca.

Ha mepBom 3Tarte mporecc co6pakMBaHMsI 0CaxapeHHOTo Cy-
¢J1a U3 CYLIEHOTO TOMMHAaMOypa OCYLIECTBIISUIUM C MUCIIONb30Ba-
HueM cyxux crupToBbiX (Fermiol), BuHHBIX (SITHA activhefe 3)



MULLEBDIE CUCTEMbI | Tom1Nol | 2018

u nuBoBapeHHbIX (Safbrew WB-06) mposkkeii. MI3BecTHO, 4TO
yBeIuM4YeHre HOPMbl BHECEHUSI APOXKeN WHTeHCUbUIupyeT
Trpotiecc cOpaskMBaHMsl, 0COOEHHO Ha TMePBbIX ITarnax. YUUThIBas
BBICOKOE COfiepskaHMe TOTEeHIMATbHO COPakMBAEMbBIX YITIEBO-
JIOB B CyIIIEHOM TOIIMHAMOYype, Mpe/iCTaBIeHHbIX TPEeUMYIIeCT-
BEHHO OJIMTOcaxapuaaMu ¥ HU3KOMOJIEKYISIPHbIMY hpaKkIvsIMu
VMHY/IMHA, B paboTe MPOBeIM IKCIIePUMEHTHI 110 BAPbMPOBAHUIO
HOPMBI 3aJauM [OpOskkeii. BbuiM CHSATBI KpUBbIE BbIIEIEHUS
CO, mpu c6paxkBaHMM OCAXapeHHOro Cycia (HOPMa BHECeHMs
Iposiokeit coctasisuia 50, 100 u 200 mr/100 r cycna) [29].

AHanM3 moyueHHbIX JaHHBIX MO3BOJM/I BBISIBUTH CIeAyIO-
uiye 3aBUCUMOCTU:

— HCIIONIb30BaHMe Iposxokeit B Konmnuectse 50 mr/ 100 r cycna
He TT03BOJISIeT 3aBEPUINTD ITPOLIECC COPAKMBAHUS B UCCTIEMY-
emoM nepuope (72 daca);

yBesimyeHue Hopmbl gpoxokeil co 100 o 200 mr/100 r cycna
MO3BOJISIET TMOBBICUTh KOIMYECTBO Bbigemusuierocs CO, Ha
HavyaJIbHOM 9Tarie GpOsKeHMs, OMHAKO, He BAMSET Ha KOHeU-
HYIO KPerocTb COPOSKEHHOT0 Cyc/1a U JIUTeNbHOCTD IIpoIiecca.
JOTIOMHUTENBHO B paboTe OB pacCUMTAH BBIXO], 6€3BOIHO-
ro crupTa 13 1 TOHHBI ChIPHSI. YCTAHOBJIEHO, UTO MCII0JIb30BaHe
B KauecTBe ChIPbsI CYIIEHOTO TOMMHAMOypa, XapaKTepusyeTcs
BBICOKMMMU MOKa3aTeNIsIMU 110 BbIXOAY (B IYUIIMX BapMaHTaX Ha
ypoBHe 41,4-41,7 nan/t ceipbs). K npumepy, npu nepepaboTke
KpaxMaJIOCOZiepsKallero ChIpbsl (3epHa C COTMIOCTAaBUMMBIMM 3HA-
YEeHUSIMU T10 BJIQXKHOCTY C TIPe/iJlaraeMbIM HOBBIM BUJIOM ChIPbSI)
IIaHHBIN TOKa3aTeyib coctaBisieT B cpegHeMm 30,0-32,0 masn/T.
Tako¥t BBICOKMII BbIXOJ, OE3BOMHOIO CIMPTa B CJIyuyae VCIIOJb-
30BaHMS CYIIEHOTO TOIMHAMOypa CBsI3aH, B MEPBYI0 OYepenb,
C comepkaHMeM B HeM MHYJIMHA, MaccoBasl JIOJISI KOTOPOTO
B KOHKDeTHOM o6paslie cocTtaBisuia 69,1% (B 3epHOBBIX Kyilb-
Typax JaHHbIIT IT0Ka3aTeslb HaxoauTcs Ha ypoBHe 50,0-55,0 %).

IIpn paspaboTKe TEXHOJOTUM HOBOTO CIIMPTHOTO HAINMTKA
U3 CyLIeHOTO TOMMHaM6ypa, KpoMe BbIXo[a 6€3BOIHOTO CITUPTa
U3 eIVHUII TepepaboTaHHOTO ChIPbs, ObLIN OIpemeeHbl Ka-
YyeCcTBeHHbIE XapaKTepUCTUKU TONYIPOAYKTOB IPOM3BOJCTBA,
B YaCTHOCTM COPOSKEHHOTO CYC/Ia, KOTOpPbIe HAMPSIMYIO BIVSIIOT
Ha OpraHoJIeNITUYEeCKye IT0Ka3aTe KOHEYHOTO IIPOAYKTA.

BbIsIB/IEHBI CYIleCTBEHHbIE OTJIMUMS B COIEPKAaHUM OTHENTb-
HBIX JIETYYMX KOMIIOHEHTOB B 06pa31iax B 3aBUCUMOCTH OT Pachl
MCITOJIb30BaHHBIX Iposokeit (Tabi. 5).

[IprMeHeHME CIIUPTOBBIX ApPOXoKeil Fermiol xapakrepusy-
eTCcsl TMOHVDKEHHBIM COfepykaHueM B COPOKEHHOM Cyciie alie-
TaJabAeruia U MeTaHosa, YTO C/IeAyeT CYMTATh IOI0KUTETbHBIM
TP OLIEHKe COCTaBa JIETyUuMX KOMIIOHEHTOB JaHHBIX 06Pa31I0B.
CymMMapHOe cofepskaHye BBICHIMX CIMPTOB BapbUPYeTCsl OT
4057 mo 4802 mr/mm3 6e3BogHOTO criupra. [Ipyyem, UCIIOIb30-
BaHMe CIMUPTOBBIX M BUHHBIX JPOXKEN MPaKTUUeCKU OJMHA-
KOBO BJIMSIET HA 3HAUeHMe JAHHOTO IOoKa3aTess, IpuMeHeHe
MMMBOBAapEHHBIX JIPOSKKel MOBbIIIaeT ero. Kpome TOro, BhisIBIIE-
HbI CYII[eCTBEHHbIE OTINYMS B COAEP>KaHUM OTAeIbHbBIX BBICIINUX
CIIMPTOB B 00pasIax.

[MonyyeHue cyciaa ¢ ropkuciaeHneM cpeabl 1o pH=4,5 mpu
MCITOIb30BAHMM BCEX PaC APOXCKEN MO3UTUBHO BIMSIET HA CO-
CTaB JIETyYMX KOMIIOHEHTOB COPO’KEHHOTO Cyc/ia. YCTAaHOB/IEHO,
YTO colepkaHMe aleTalblerufa — KOMIIOHEHTa, HeraTMBHO
BJIMSIIOIIETO Ha OPraHOoJeNTUYeckue XapaKTepUCTUKM KOHed-
HOTO MPOMYKTa, CHYOKAeTcsl B cpeqHeM Ha (5...15)% (mocienHee
3HaveHMe COOTBETCTBYeT Mpobe, TIOMyUeHHOI C UCTIONb30BaHKe
CIIMPTOBBIX ApOsoKelt Fermiol); MeTaHo/Ma — IIpUMeCH, XapakTe-
puU3yIoNIMii 6€30MacHOCTb MPOAYKIIVY U PeriaMeHTUPOBAHHOI
TIpY TTPOU3BOJCTBE CIIMPTHBIX HAIIUTKOB, yMeHbIaeTcst Ha 10—
35 %, npyuueM HauOOJIbIIIeN CTEITeHY TaKKe ITPU MCTIOIb30BaHUM
CIMPTOBBIX Aposkkeit Fermiol.
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Tab6muua 5
BimisiHue pachl M HOPMbI BHECEHMST APOSKIKe
Ha Cofep>KaHue JIeTyYnX KOMIIOHEHTOB
B COPO’KEHHOM CyciIe

Hopma BHeceHus aposxokeii, mr/100 r cycia

ConmeprkaHue . SIHA Safbrew
JIeTy4MX KOMIIO- Fermiol activhefe 3 WB-06
HEeHTOB, MI/IM> o n =) n =) n
6e3BOAHOIO CIIMPTa ) < =) < =) <~
= = = = = =
= = ) ) ) a
Aueranbaerns, 2319 2003 2962 2718 4506 4302
IdTunauerar 233 180 151 131 262 243
MetaHon 2928 1933 3487 3004 3752 3392
Boicumive criupThl, B TY.: 4480 4057 4448 4095 4802 4440
— 1-nportanon 793 718 696 599 1551 1402
— M306yTaHon 1039 925 947 801 800 695
— Vizoamumiion 2648 2414 2805 2695 2451 2343
DHaHTOBBII 3GUP 50 49 32 30 48 45
DeHUISTUIIOBBIN CIUPT 222 202 199 181 363 318
Cymma neryumx 10387 8574 11371 10301 13884 12902
KOMIIOHEHTOB

*[Ipu ompefie/IeHUI CYMMBbI JIETYUMX KOMIIOHEHTOB YUMTHIBAIUCH BCE UAEH-
TUGUIMPOBAHHBIE JIETy4Ylie KOMIIOHEHThI, HEKOTOPbIE U3 HUX B MILTIOCTPA-
TUBHBIX MaTepyasax He peJCTaBIeHbl.

B 1LenoM wuccienoBaHMe AWHAMMUKY BbIJETE€HUST IUOKCU-
[la yIaepona, ompenesieHre KpernocTy 06pasioB Mpy BhIOPaH-
HOJ1 IJIUTEIbHOCTY TPOIIeCca M aHaju3 JeTyYnX KOMIIOHEHTOB
B COPOSKEHHBIX 00pasiiax Cycia IMOKa3bIBaeT, YTO MIpUMeHeHe
CIIMPTOBBIX Jposkkeit Fermiol mmeeT psia mpeumyliecTs, I0-
CKOJIbKY OHM IO3BOJISIIOT MHTEHCUGUIIMPOBATH Tpoliecc copa-
SKMBAHMSI M TIOJYUUTh COPO’KEHHOE CYCI0 C MaKCMMAaabHOM
KPEIOCThIO M MUHMMAJIbHBIM COepKaHMEM B HEM TaKMX Hera-
TUBHO BIMSIOIIMX HA KOHEUHBI MPOAYKT JETYUMX KOMIIOHEH-
TOB, KaK alleTa/IbJernI ¥ METaHOI.

4. 3akjI0ueHue

VCTAaHOBJIEHO, UTO IO CPAaBHEHUIO C KIYOHSIMM TONMHAM-
Oypa CylIeHbIii TOMMHAMOYp XapaKTepu3yeTcsl YIydlieHUeM
6VMOXMMIYECKOTO COCTaBa B CBSI3M C YBeIMYEHVEM B HEM HU3-
KOMOJIEKY/ISIPHBIX (ppakumit (GpPyKTO3aHOB U, KaK CJIe[CTBUE,
TTOBBIIIEHMEM CTETIEHM JOCTYITHOCTY TIOJIMMEDPOB ChIPhS K (ep-
MEHTaTUBHOMY Tuaponn3y. OlieHKa 6eJTKOBOrO KOMIIIEKCA ChI-
pbsl TIOKA3asa, UTO CYIIeHbIVi TOMMHAMOYpP XapaKTepusyeTcs
BBICOKMM COfiepskaHMeM PacTBOPUMBIX GEJIKOB, B MEPBYIO Ove-
penb anrbOyMMHOB, M CBOOOAHBIX aMUHOKMCIIOT, YTO TIO3BOJISIET
OLIEHUTb JAaHHbBIV BUJ CbIpbsSl KaK IOJIHOLIEHHBIN OIS a30THOT'O
MUTAHUS JPOKKENA.

PaspaboTaHbl peXVMHbIE TapaMeTpbl IBYXCTaAUIHOTO
crroco6a MoAr0OTOBKY CYIIEHOTO TOMMHAM6Ypa K AUCTUIISIINN,
BKJIIOUAIOIMEe Ha TEepPBOI CTaauyu TOJyYeHUEe OCaxXapeHHOro
cycna mpy ruapomonyie 1+4,5, mo3supoBKke MUKPOOHOM MHYIHN-
Hasbl 3,0-4,5 eq.MIH/T MHyAMHA CBIPBSI, TOAKMUCIEHNEM CPEIbI
no pH=4,5, npoBeneHue (GepMEHTATUBHOTO TUAPOIU3A TPU
temriiepatype 55 °C B TeyeHue 3 4acoB; Ha BTOPOI CTaguu pu
cOpakMBaHUM 0CAXapEeHHOTO CyC/Ia UCITOMb30BATh CyXye CIUp-
TOBbIE APoskKkK Fermiol, BHOCMMBbIe B KoauuectBe 100 mr/100 r
cycna, mpouecc BecTu Ipu Temmnepatype 28-30°C B TeueHue
3 yacos.
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1. Introduction

Recently, there has been a trend in Russia to change the
priorities of consumers when choosing strong alcohol prod-
ucts. Significant interest is shown in alcoholic beverages with
the flavor and taste of the raw materials, the choice of which
should be guided by a number of factors: the volume of its pro-
curement in the country and the absence of intense competition
with manufacturers of other industries; costs6 associated with
its acquisition, and their share in the cost of finished products;
peculiarities of biochemical composition, allowing to achieve
the required organoleptic parameters.

One of the promising types of new non-traditional for the
wine industry is Jerusalem artichoke. The natural and climatic
conditions of the Russian Federation make it possible to grow
this crop in sufficient quantities for production. In addition,
there is currently no competition between industries using Je-
rusalem artichoke as raw material. The wide interest in the use
of Jerusalem artichoke in several branches of the food industry
is explained by the high economic efficiency of production and
processing [1,2,3,4].

Fresh Jerusalem artichoke, in terms of storage, is a diffi-
cult raw material. According to the recommendations of GOST
32790-2014, it is stored in containers in clean, well ventilated
premises (vegetable stores, kagats) or cold rooms at tempera-
tures from minus 4 °C to plus 1°C and relative air humidity (85
... 90)%. German specialists consider Jerusalem artichoke tubers
exclusively as seasonal raw materials that can not be stored [5].

As an alternative, we can consider the option of using dried
Jerusalem artichoke — an industrial product. The advantages of
the latter include, first, the possibility of year-round production,
secondly, the stability of its biochemical composition and high
microbiological purity. In addition, the use of dried Jerusalem
artichoke makes it possible to significantly simplify the techno-
logical process, eliminating such operations as washing of raw
materials and its crushing.

The review of scientific and technical literature, devoted
to the processing of Jerusalem artichoke tubers shows that the
technologies, used in fermentation plants can be divided into
two classes. In accordance with the first, the raw material is sub-
jected to a two-stage treatment prior to rectification, that is,
first the sugared wort is obtained from the crushed material, and
then yeast is introduced into it and the fermentation process is
carried out. At the stage of obtaining the sugared wort by domes-
tic specialists, the perspective of enzymatic hydrolysis of inulin
of the raw material is shown to be due to its self-saccharifica-
tion under the action of its own inulinases [4,6]. The one-stage
schemes for the processing of Jerusalem artichoke tubers, which
do not provide for the stage of obtaining the sugared wort, are
offered mainly by foreign specialists. According to the French
scientists [7, 8], when processing Jerusalem artichoke tubers that
were not subjected to preliminary hydrolysis, it is inappropriate
to use yeast of the S. cerevisiae type, since they do not have inu-
linase activity. It is promising to use, in this case, a yeast of the
genus Kluyveromyces. Was carried out researches on fermenta-
tion of wort from Jerusalem artichoke with KI. marxianus [7,9,10]
and KI. fragilis [8] yeasts.

2. Materials and Methods

As a raw material in the work, were used tubers of Jerusalem
artichoke of the «Skorospelka» variety and samples of dried Je-
rusalem artichoke .

Analysis of the biochemical composition of raw materials in-
cluded the determination of the fractional composition of fruc-
tose containing carbohydrates of raw materials, carried out using
a scheme that included the separation of three fractions: FI —
reducing free sugars; FII — oligosaccharides and low molecular
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weight fractions of inulin; FIII — high-molecular fractions of inu-
lin [6]. The subsequent determination of sugars in the FI fraction
and hydrolysates of the FII and FIII fractions was carried out by
the method of high-performance liquid chromatography [11].

The fractional composition of proteins of dried Jerusalem ar-
tichoke was determined using the method of their isolation ac-
cording to T. Osborne, which provides for an exhaustive sequen-
tial extraction. At the same time, the albumin release was carried
out with distilled water, globulins — 10 % NacCl, prolamin — 70 %
ethanol and glutelins — 0.2 % NaOH solution [12]. The composi-
tion of free amino acids in the feedstock was evaluated using the
method of high-performance liquid chromatography [13].

The composition of the sugared wort and extract was studied
by determining the mass concentration of solids by a refracto-
metric method. The yield strength was determined in conven-
tional units: by the number of milliliters of wort, emanating
from the funnel through a nozzle of a certain size for the time
required to drain from the funnel 100 cm® of water or by the time
of the expiration of a certain volume of wort through the calibra-
tion hole. The expiration time was measured with a stopwatch.
The content of individual sugars by the method of high-perfor-
mance liquid chromatography [11].

When studying the composition of fermented wort, the dy-
namics of CO2 emission by weight method was determined,
the mass concentration of alcohol in fermented wort was de-
termined by the method of [14], the content of volatile compo-
nents by the gas chromatography method in accordance with
GOST 33834-2016.

3. Results and Discussion
3.1 Biochemical Composition of Jerusalem Artichoke

When evaluating the biochemical composition of Jerusalem
artichoke, the main research of scientists is aimed at studying
its carbohydrate complex [3, 6, 15], which is based on fructose
and its polymers of varying degrees of complexity, the highest
homologue of which is inulin — the highest molecular weight
among fructosans. At present, it is believed that inulin belongs
to the group of polyfructosans with the empirical formula
(C6H1005) and is a polyfructose chain in which the D-fructose
residues (up to 96 %) are bound by a B-2,1 bond, with each chain
from the unreduced end ends with a D-glucose molecule (up to
6 %), connected with fructose by a B-1,2-bond.

When choosing technological regimes for preparing Jerusa-
lem artichoke for fermentation, it is necessary to take into ac-
count not only the total content of fructose containing compo-
nents, but also their fractional composition, since the process of
enzymatic hydrolysis of carbohydrates of raw materials depends,
first, on the ability of polymers to pass into a soluble state, and
secondly, on the degree of their polymerization. When analyzing
fresh tubers of Jerusalem artichoke, it is established (Table 1)
that carbohydrates in raw materials are dominated by fractions
of FII and FIII, their content varies accordingly (29.1 ... 33.9)%
and (41.0 ... 54.4)%. In the samples of dried Jerusalem artichoke,
were revealed significant changes in the fractional composition
of these components.

Table 1
Fractional Composition of Fructose-Containing
Carbohydrates in Jerusalem Artichoke

Content,% in Dry Matter (DM)

Fraction Jerusalem Artichoke Dried Jerusalem
Tubers Artichoke
FI 1.5%0.2 6.6 0.3
FII 32.0%£1.9 50.4+3.5
FIIT 47.7+6.7 11.1+24
Fraction S 79.5+8.8 68.1+6.2



MULLEBDIE CUCTEMbI | Tom1Nol | 2018

It is established that during the drying of raw materials, the
content of low-molecular fractions increases in it. The amount
of free reducing sugars increases by an average of 3-4 times,
the fraction of FII increases by more than 1.5 times. This fact
is connected with the process of enzymatic hydrolysis of high
molecular weight fractions of inulin under the action of the own
inulinases of raw materials (according to the data of domestic
scientists, the total hydrolase activity in the tubers of Jerusalem
artichoke is 3.3 to 4.5 units/g of inulin of the raw material [16]).

In addition to carbohydrates, Jerusalem artichoke tubers
contain nitrogenous substances, micro- and macro elements,
and vitamins. The content of nitrogenous substances varies in
the range from 4.3 to 11.0% [17]. Proportion of protein nitro-
gen accounts for 57-59%, non-protein — 41-43%. Ukrainian
researchers [18] found that the balance of irreplaceable amino
acids, Jerusalem artichoke exceeds the grain of cereals.

Analysis of the protein complex of samples of dried Jerusalem
artichoke showed that the main proteins in them are albumins,
the mass fraction of which varies within 2.5-3.3%, the content
of globulins is 0.24-0.33%. In the samples of dried Jerusalem
artichoke, obtained from the tubers of the «Skorospelka» variety,
prolamins and glutelins were not found (Table 2).

Table 2
Content of Protein Fractions
in Dried Jerusalem Artichoke
Nitrogen Fractions (in % of Total Protein Nitrogen)
g g
£ £ 5 2 E 2o
E E g 5 z Ef
=3 = — - ] O =
= = 2 = 5 29
< S & o z Ry
59.9+1.6 5.5+0.4 - - 29.6 +1.3 6.0+£2.4

It is known that the protein fraction of the raw material has
a different substrate specificity. Water- and soluble proteins are
more easily subjected to enzymatic hydrolysis, since they are hy-
drophilic, unlike prolines and glutelins. In general, despite the
general low protein content in Jerusalem artichoke, compared
with its content in grain (average 10-13 %, among them soluble
proteins — no more than 30 %), this kind of raw material, from
the point of view of its nitrogen content, can be consider full.

Also in [19] was researched the composition of free amino
acids in samples of dried Jerusalem artichoke. It has been es-
tablished that the main ones are glutamic acid, glutamine, as-
paragine, arginine and threonine. It is known that the amino
acid composition of the raw material can influence on the course
of the fermentation process and on the characteristics of the
finished product, since certain amino acids are the precursors
of the formation of a number of higher alcohols. For example,
threonine, valine, leucine and phenylalanine can increase the
content of alcohols in fermented wort such as propyl, isobutyl,
isoamyl and 2-phenylethanol, respectively. Higher alcohols are
the most important volatile constituents of alcoholic beverages.
Moreover, the organoleptic characteristics of the finished prod-
uct are affected not only by the content of individual alcohols,
but also by their ratio.

In general, the use of dried Jerusalem artichoke for the pro-
duction of alcoholic beverages based on distillates, compared
with the use of fresh tubers has the following advantages:
possibility of off-season processing;
stability of the biochemical composition of raw materials
and increase of its microbiological characteristics;
simplification of the technological scheme of processing;
depolymerization of the main carbohydrate components
of raw materials and, as a consequence, increase of their
accessibility to enzymatic hydrolysis;

30

FOOD SYSTEM | Volume 1l Nol | 2018

— the usefulness of the protein complex, due to the high
content of soluble proteins and free amino acids.

3.2The Step of Obtaining Saccharified Wort

When developing a new highly effective technology for alco-
holic beverages from dried Jerusalem artichoke at the first stage
of the work, it was necessary to establish the patterns of change
in the carbohydrate complex of the raw material in the process
of obtaining the saccharified wort.

As a method of depolymerization of raw materials fructo-
sans, among known, fermentative was chosen. In studies for the
hydrolysis of fructose-containing carbohydrates of dried Jerusa-
lem artichoke, was used an enzyme preparation of domestic pro-
duction, containing Inul A. Awamori microbial exoinulinase [20].

The experiments were carried out in two versions: variant
A — raw materials polymers hydrolysis under the influence of
their own inulinases of Jerusalem artichoke; variant B — hydro-
lysis with the combined action of inulinase of raw materials and
microbial exoinulinase in the dosage adopted during hydrolysis
of starch-containing raw materials — 7.5 units/g of inulin raw
material.

The results of the studies (Table 3) showed that the maxi-
mum permissible value of the hydromodule, estimated by the
fluidity of technological media, corresponds to 1: 4.5 (the value
should not exceed 10 s). The introduction of a microbial enzyme
preparation with an active exoinulinase had practically no effect
on fluidity.

Table 3

Influence of Hydromodule on the Obtaining Saccharified

Wort Process from Dried Jerusalem Artichoke

Concentration,%

gzccll:ﬁé Flowability, s Wort Extract
A B A B A B
1:6 4 4 12.5 134 3.1 3.2
1:5.5 5 4 13.9 14.5 3.4 3.5
1:5 6 5 15.0 16.0 3.7 3.8
1:4.5 8 6 17.0 17.3 4.0 4.1
1:4 25 18 17.5 18.0 4.3 4.4

It was found, that the concentration of wort with a decrease
in the hydromodule naturally increased (according to variant
A — from 12.5 to 17.5%, according to variant B — from 13.4 to
18.0%). However, when converted to a 1: 6 hydromodule, it prac-
tically did not change, it decreased only when the hydromodule
was 1:4, which confirmed the production of media with a diffi-
cult transfer of raw solids to a soluble state due to the complex-
ity of diffusion processes.

The efficiency of processing the raw material at the stage of
obtaining the saccharified wort in the work was also evaluated
by the effect of the hydromodule on the concentration of the ex-
tract, the product obtained by mixing the saccharified wort with
a large amount of water, followed by filtration. This index, as
shown in [21], makes it possible to obtain data on the maximum
possible conversion of raw solids to a soluble state.

Also, the dosage of the enzyme preparation varied from
1.5 to 7.5 units/g inulin of the raw material. The wort was pre-
pared according to the selected hydromodule (1:4.5), the hydro-
lysis process was carried out at the natural pH of the medium
(pH 6.0), the processing time at 55°C was 3 hours (the recom-
mended regime parameters for obtaining the wort from the tu-
bers of Jerusalem artichoke [6]). Two variants of wort prepara-
tion were considered in the work: variant I — without the use of
microbial protease (enzyme preparation of proteolytic action of
Neutrase 0.8 L), variant II — with the use of microbial protease.
The purpose of the research on the second option was to identify
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the possibility of increasing the efficiency of the preparation of
dried Jerusalem artichoke for distillation, since earlier in work
[22], devoted to the study of the process of obtaining clarified
saccharified wort from fresh tubers of Jerusalem artichoke, it was
shown that the use of Neutrase 0.8 L. — a drug, with endopro-
teinase activity increases the conversion of raw fructosans into
a soluble state due to their release from the bound state to the
protein (the recommended dosage of Neutrase were 0.01-0.02
units PS/g of protein raw materials).

It was established that the content of reducing sugars with
increasing dosing of microbial inulinization naturally increased
[23]. From the economic point of view, inulin dosage is preferred
at the level of 3.0-4.5 units/g of the raw material inulin.

As is known, the process of enzymatic hydrolysis of polymers
of raw materials proceeds in time. When obtaining the wort
from the Jerusalem artichoke tubers, a duration of three hours
was chosen [6]. The study of the dynamics of the change in the
concentration of dry substances and free reducing sugars during
processing of dry Jerusalem artichoke also allowed to justify the
duration of the process — 3 hours [23].

When developing highly effective food technologies based
on the enzymatic hydrolysis of polymers of plant raw materi-
als, it is necessary to take into account the whole complex of
processes occurring in it under the action of both own enzymes
and those introduced with enzyme preparations. It is necessary
to take into account the following main factors: first of all, these
are the peculiarities of the biopolymers of this plant material,
the heterogeneity of the substrate, the presence of various effec-
tors capable of activating and/or inhibiting both endogenous en-
zymes and enzymes in the composition of enzyme preparations.

One of the factors determining the efficiency of enzymatic
hydrolysis of raw polymers is the creation of an optimal pH of
the technological medium. When processing dried Jerusalem
artichoke at the selected hydromodule (1 + 4.5) the pH of the
medium is at the level of 6.0-6.5. The microbial enzyme prepa-
ration Inul A. Awamori, which possesses exoinulinase activity,
showed, according to the manufacturer’s data [20], the maxi-
mum activity at pH=4.0—4.5; enzyme preparation Neutrase 0,8 L
and own inulinases of raw materials at pH=6.0-6.5.

It was also taken into account that, in comparison with grain,
which is proposed to be used as the main raw material for the pro-
duction of distillates and spirits on their basis [24,25,26], Jerusa-
lem artichoke contains an increased amount of pectin substances.
Among them, insoluble protopectin predominates [27], which
should be considered positive from the point of view of this type
of raw material. At the same time, Jerusalem artichoke pectin is
characterized by a high degree of methoxylation, that is, in the
case of enzymatic hydrolysis of raw materials, pectin esterase may
accumulate excess methyl alcohol content in the final product.

The data on pektinesterase of Jerusalem artichoke make it
possible to predict the content of methanol in the product and
recommend, on the basis of theoretical assumptions, optimal
technological parameters at all stages of tuber processing. It was
found that the pectin-esterase activity of Jerusalem artichoke
varies in the range of 0.22-0.35 units/g, which, at first glance,
characterizes it as low. However, with its calculation for 1 g of
pectin raw material figures increase significantly (an average of
40 units/g). Moreover, it was revealed that the Jerusalem arti-
choke pectin esterase exhibits maximum activity in a neutral
medium at pH=6.0-7.0. By acidifying the wort to a pH of 4.5-5.0,
its activity can be reduced by 25-50%. Such a technique, as is
known, also leads to an improvement in the microbiological pu-
rity of fermentable wort.

The data on the influence of the regime parameters of the Je-
rusalem artichoke processing on the content of individual sugars
in the saccharified wort are presented in Table 4.
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Table 4
Influence of Regime Parameters of Jerusalem Artichoke
Processing on the Content of Individual Sugars
in Saccharified Wort

Saccharified Wort Samples
Sugars Content,

(pPH=6,00) (pH=4,5) (pH=6,0) (pH=4,5)
Fructose 5.62 8.80 6.57 9.16
Glucose 0.90 2.02 1.08 2.13
Sucrose 2.18 1.06 2.08 1.05
Trifructosane 0.11 0.09 0.08 0.10
Sugars Sum 8.80 11.97 9.81 12.44

* Without use of microbial protease
** With the introduction of microbial protease

The obtained data allow us to draw the following conclusions.
Acidification to pH=4.5 increases the total content of sugars in
wort by 26.8-36.0 % compared to samples obtained at a natural
pH=6.0, mainly due to an increase in the mass fraction of fruc-
tose and glucose. The content of sucrose, conversely, decreases
almost in 2 times. Most likely this fact is related to the creation
of more optimal conditions for the action of microbial inulinase.

The supplemental application of microbial endoproteinase
in the variant without acidification raises the total sugar content
by 11.5% (samples 01 and 03), with acidification this increase
is about 4 %, that is, in the variant with acidification of the me-
dium, the effectiveness of Neutrase activity 0.8 L decreases and
its the introduction becomes economically impractical.

In general, and taking into account the results of the stud-
ies, presented in work [28] of identifying the effect of the regime
parameters of dried Jerusalem artichoke processing on the car-
bohydrate and protein composition of the saccharified wort, two
options for preparing the raw materials for fermentation are rec-
ommended:

— Option 1 — additional application of Neutrase 0.8 L and
processing of raw materials at the natural pH of the batch.
— Option 2 — acidification of the batch to pH 4.5 and process

without additional application of Neutrase 0.8 L.

The advantage of one of the two variants was determined
after experiments on fermenting the saccharified wort samples
and analysis of fermented wort on the strength and content of
individual volatile components.

3.3 Fermentation stage of Saccharified Wort

Fermentation is one of the main stages in the production of
distillates, during which the initial formation of quality indices
of the product takes place under the action of the yeast enzyme
complex.

The effectiveness of the fermentation process of inulin-con-
taining raw materials depends on a number of factors, including
the chemical composition of the wort, its concentration, the de-
gree of hydrolysis of the raw material polymers, the used yeast
races, the physiological state and metabolic features, the duration
of fermentation, and the temperature regimes of the process.

At the first stage, the process of fermenting the saccharified
wort from dried Jerusalem artichoke was carried out, using dry
alcohol (Fermiol), wine (SIHA activhefe 3) and brewing (Safbrew
WB-06) yeast. It is known that an increase in the rate of applica-
tion of yeast intensifies the process of fermentation, especially
at the first stages. Given the high content of potentially ferment-
able carbohydrates in dried Jerusalem artichoke, represented
mainly by oligosaccharides and low molecular weight fractions
of inulin, experiments were performed to vary the norm of the
yeast problem. The CO, emission curves for fermenting sacchari-
fied wort were removed (the rate of yeast application was 50, 100
and 200 mg/100 g of wort) [29].
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Analysis of the data obtained to reveal the following depen-
dences:

— the use of yeast in the amount of 50 mg/100 g of wort doesn’t
not allow the fermentation process to be completed in the
study period (72 hours);

increasing the yeast rate from 100 to 200 mg/100 g of wort
makes it possible to increase the amount of released CO, at the
initial stage of fermentation, however, it doesn’t affect the final
fortress of fermented wort and the duration of the process.

In addition, the work calculated the yield of anhydrous alco-
hol from 1 ton of raw materials. It is established that the use of
dried Jerusalem artichoke as a raw material is characterized by
high yields (in the best versions at the level of 41.4-41.7 dal / t
of raw materials). For example, when processing starch-con-
taining raw materials (grains with comparable moisture values
with the proposed new raw material type), this indicator aver-
ages 30.0-32.0 dal / t. Such a high yield of anhydrous alcohol
in the case of the use of dried Jerusalem artichoke is primarily
related to the content of inulin, the mass fraction of which in a
specific sample was 69.1 % (in cereals this indicator is at the level
of 50.0-55.0%).

When developing the technology of a new alcoholic bever-
age from dried Jerusalem artichoke, in addition to the yield of
anhydrous alcohol from a unit of processed raw materials, the
qualitative characteristics of the intermediates of production, in
particular fermented wort, were determined that directly affect
on the organoleptic characteristics of the final product.

Were found significant differences in the content of individ-
ual volatile components in the samples, depending on the race
of used yeast (Table 5).

Table 5

Influence of Race and Rate of Yeast Application on the

Content of Volatile Components in Fermented Wort

Rate of Yeast Application, mg/100 g of the
Wort

. . SIHA Safbrew
V%f;i‘:nctfﬁg/%ﬁ?t Fermiol activhefe 3 WB-06
of Anhydrous Alcohol o n o n P n
© < © < ) <
Il Il I I Il Il
o e e er) er)
) [ a, ) a a

Acetaldehyde 2319 2003 2962 2718 4506 4302

Ethyl Acetate 233 180 151 131 262 243

Methanol 2928 1933 3487 3004 3752 3392

Higher Alcohols,

Including: 4480 4057 4448 4095 4802 4440
— 1-propanol 793 718 696 599 1551 1402
— Isobutanol 1039 925 947 801 800 695
— Isoamylol 2648 2414 2805 2695 2451 2343

Enanthic Ether 50 49 32 30 48 45

Phenylethyl Alcohol 222 202 199 181 363 318

Volatile Components 1307 g574 11371 10301 13884 12902

Sum*

*When determining the amount of volatile components, all identified volatile
components were taken into account, some of them are not represented in
the illustrative materials.
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The use of alcoholic yeast Fermiol is characterized by a
lower content of acetaldehyde and methanol in the fermented
wort, which should be considered positive when evaluating
the volatile components of these samples. The total content
of higher alcohols varies from 4057 to 4802 mg/dm?® of anhy-
drous alcohol. Moreover, the use of alcohol and wine yeast al-
most equally affects on the value of this indicator, the use of
brewing yeast increases it. In addition, there were significant
differences in the content of individual higher alcohols in the
samples.

Obtaining the wort with acidification of the medium to
pH 4.5 with all yeast races has a positive effect on the composi-
tion of the volatile components of the fermented wort. It was
found that the content of acetaldehyde, a component, which
negatively affecting the organoleptic characteristics of the final
product, is reduced by an average of (5 ... 15)% (the latter val-
ue corresponds to a sample, obtained with use of alcohol yeast
Fermiol); methanol — an impurity, characterizing the safety of
products and regulated in the production of alcoholic beverages,
is reduced by 10-35 %, the greatest degree also with the use of
alcoholic yeast Fermiol.

In general, the study of carbon dioxide evolution dynamics,
the determination of the samples strength at the chosen process
time and the analysis of volatile components in fermented wort
samples shows, that the use of Fermiol alcohol yeast has sev-
eral advantages, since they allow intensifying the fermentation
process and obtaining fermented wort with maximum strength
and minimum content in it has such negative effects on the fi-
nal product of volatile components, such as acetaldehyde and
methanol.

4. Conclusion

It is established that, in comparison with the tubers of Je-
rusalem artichoke, dried artichoke is characterized by an im-
provement in its biochemical composition due to the increase
in it of low-molecular fractions of fructosans and, as a conse-
quence, by an increase in the availability of polymers of raw
materials to enzymatic hydrolysis. Evaluation of the protein
complex of raw materials has shown that dried artichoke is
characterized by a high content of soluble proteins, primar-
ily albumins, and free amino acids, which makes it possible to
evaluate this type of raw material as high-grade for nitrogen
nutrition of yeast.

Were developed the regime parameters of the two-stage
method for the preparation of dried Jerusalem artichoke for
distillation. They include, in the first stage, the preparation
of saccharified wort with the hydromodule 1 + 4.5, the dosage
of microbial inulinase of 3.0-4.5 units of IN/g of inulin of the
feed, acidification of the medium to pH 4, 5, carrying out enzy-
matic hydrolysis at a temperature of 55°C for 3 hours; in the
second stage, fermented saccharified wort should use dry alco-
holic yeast Fermiol, introduced in the amount of 100 mg/100 g
of wort, the process is conducted at a temperature of 28-30°C
for 3 hours.
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