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ITocTaHoBKAa NPoOOIEMBI

B nocnennue roapl moTpeOuTenu TpeOyroT YIOOHBIX U 3I0POBBIX
MUIIEBBIX MPOJYKTOB, KOTOpbIE HUMEIU Obl XapaKTEPUCTUKH BBICOKOTO
KauecTBa U «CBEKECTH», HO MPHU ITOM ObLIM Obl O€30MACHBIMU U UMENH
JUTUTEIIbHBIN CPOK XpaHEHUSI.

CymiecTByronye  TpaJULIUOHHBIE  TEXHOJOTUH  TEPMUUYECKOMN
00pabOTKKM MHUIIEBBIX MPOAYKTOB (MacTepu3allvs, BhICOKOTEMIIEpaTypHas
CTepUJM3alys, CylOIka W  BbIIApUBAHHME) MOTYT  oOecreuruBaTh
MUKPOOHOJIOTUYECKYI0 0€30MaCHOCTh WM CTA0MJIBHOCTh KauyeCTBEHHBIX
MoKazaTelied UX TPOAYKTOB, HO MOTYT Pa3pylIuTh HEKOTOPHIC IMHUIIECBHIC
WHTPEIUEHThI,  OCOOCHHO  TEPMOYYBCTBUTCIbHBIC  BUTAMHHBI |
noJM(eHobl, KOTOpble OBLIM CBSI3aHbl ¢ KayecTBOM mnuiu [S]. bonee
BBICOKHE TeMITepaTypbl OOpabOTKH M JIMTEIBHOE BPEMS BO3ICHCTBHS
TaK)X€ TMPOU3BOIAT HEKOTOPHIC IMOTEHIIMATBHO BpPEIHBIC KOMITOHEHTHI B
MUILIEBBIX MPOAYKTAX, KOTOPBIE IPEACTABISAIOT ONTACHOCTD JIJIS UeJIOBEKa [4].

B cBs3u ¢ 3TMM HE0OX0AMMbI THHOBAITMOHHBIE TEXHOJIOTHUH 00pabOTKH
¥ KOHCEPBUPOBAHUS MHUIIEBBIX MPOIYKTOB, KOTOPhIE HE TPEOYIOT BHICOKUX
TeMIeparyp u JUTUTEJIBHOTO BpPEMEHU 00paboTKH. Takue
HU3KOTEMIIEpaTypHbIe 00pA0OTKH C KOPOTKHM BPEMEHEM JCUCTBUS OYIyT
BBI3BIBATh MHUHHUMAJIbHBIE HW3MEHEHMSI BKyCa TMHIIEBBIX MPOIYKTOB H
OCHOBHBIX MUTATEIBHBIX BEIIECTB MJIM BOOOIE He MEHSATh uX [8]. [loaTomy
B TIOCJIEIHUWE TOJbl HETEPMUYECKHME TEXHOJOTUM B  MHUIICBOU
MIPOMBIILJICHHOCTH IIUPOKO UCCIEAYIOTCS, U OHU MOTEHIIMAIBLHO CIIOCOOHBI
YaCTUYHO WJIA TIOJIHOCTBIO 3aMCHUTh TPATUIIMOHHBIC YCTOSBIIHECS
MpoLEeCcChl KOHCepBauuu [3].

[lens HacTosiied pabOTHI COCTOMT B TOM, YTOOBI MPEICTABUTH
HaIpaBJICHUS HCIIOJIH30BaHUS HETEIJIOBBIX TEXHOJIOTMA M MEXaHU3MBI UX
JEHUCTBUS, a TaKXKE W3YYUTh MOTCHIIMAIBHBIC MEPCIICKTUBBI MPUMCHCHUS
KOMOWHAIIMA HETEIUIOBBIX O00pPa0O0TOK B TMHIIEBOM MPOMBIIIIEHHOCTH,
MOTOMY YTO 3TO HE TOJILKO MO3BOJIUT MPEOI0JIETh HEAOCTATKH KOHKPETHOM
TEXHOJIOTUM, HO TakKe TMOBBICUT €€ 3(P(EKTUBHOCTh TMPU MEHBIIEH
WHTEHCUBHOCTHU UCTIOJIb30BaHUSI.

OCHOBHBIE MAaTEPHAJIBI UCCIIETOBAHUS



Herepmuueckue TeXHOJIOTHUH, HCIONb3YIOIMIKUE Takue (aKkTopbl Kak
yinbTpaduoneroBoe (Y®) usnyueHue, 3JIEKTPUUECKUE HUMITYJIbCHBIE IOJIS
(BUII), Boicokoe ruapocratnyeckoe napinenue (BI'J]) u ynbrpassyk (Y3),
MOryT oOecleunBaTh CEHCOPHOE KAayeCTBO W MMTATEIbHYIO LIEHHOCTb
NUIIEBBIX NPOAYKTOB IpHU 00jiee KOPOTKOM BpeMeHH o0paboTku u Ooiiee
HU3KHX TEMIEPATypHBIX YCIOBHUSX U MO-NPEKHEMY HCIOJIB30BAaTHCS JIs
NOBBILIEHHUS] O€30MAaCHOCTH TMMILEBBIX MNPOAYKTOB U MPOJJIEHHUS CpOKa
XpaHEHMsI MUILEBBIX TPOAYKTOB [1].

Hampumep, o00paOoTka 3JE€KTPUYECKHMM  HUMITYJIbCHBIM  I1OJIEM
IPUMEHSJIACh K TAKUM MPOJYKTaM, Kak sIONIOUHBIM COK, U OBLIO MOKa3aHo,
YTO JOrapu(MHUUECKOEe COKpAIICHHE TPOAOKEBBIX KIETOK cocTaBisieT 5,03
[7]. Herepmuueckue TEXHOIOTHHM MOTYT TOJIaBISITh aKTUBHOCTH (DEPMEHTOB
B IHUIICBBIX MNPOAYKTaX, Takux Kak Junokcurenaza (LOX),
nomudenonokcunasza (PPO), nepokcunasa (PO) u nextunscrepasa (PE).

B Tabmune 1 nokazaHbl HEKOTOPbIE THUIMYHBIE METOJIbl HETEILUIOBOM
KOHCEpBAallUM M HUX BIHSHHE HAa aKTUBHOCTh MHKPOOPIaHU3MOB U
depMeHTOB. MexaHu3Mbl CTEPWIM3ALMKA HETEPMHUECKUX TEXHOJIOTHMH B
OCHOBHOM OTHOCSITCS K CICAYIOUIMM JBYM acleKTaM: W3MEHEHUe
CTPYKTYpBl KJIETOUHOM MEMOpaHbl IJIsl YCTPAaHEHHUS peryIupyrouei
(GYHKIIMM MUKpPOOPraHM3Ma; pa3pylIeHHE TIeHETHMYECKOro Marepuana ¢
[EJbI0 BBI3BaTh META0OIMYECKHE HApPYIICHUS Y MHUKpPOOPraHu3Ma. OTH
TEXHOJOTHH TaK)XK€ MOTYT MIPUMEHSTHCS ISl SKCTPAKIUH, CYIIKHA U IPYTHX
MIPOIIECCOB MAacCOMEPEeHOca, €CIM TEXHOJOTMYECKUN TMPOLEeCC MOXKET
U3MEHUTh CTPYKTYpy KIETOYHOW MeMOpaHbl, HAmpHUMep, TEXHOJIOTUU C
npumeHenuem (PEF) u US.

Tabnuya 1
XapaKkTepuCTHKM HeTePMHUYECKHMX TEXHOJIOTH B IHINEBOH
NPOMBIINIJICHHOCTH

HericrByro- | Ilapamerpsl | Kpurnueckne | Mexanmsm OoaacTu

1111071 BO3/AelCTBUI | (paKTOPBI HHAKTHBAUM | IPUMEHEHUsS

(puzuyecku

il pakTop

NmnynecHoe | 1...20 KonnuecTso [Tornomenune s o6paboTku

Y- HUMITYJIbCOB B | UMITYJIbCOB, Y®-usnydeHust | MOBEPXHOCTH

U3ITyYeHUe CEKyHIY IIpH | pacCTOSHHE OT | BBI3BIBAET MHUIIEBBIX

(PL) TUTOTHOCTH HCTOYHUKA mytarun JIHK | mpoxykToB,
DHEPrUM  OT | U3IY4YEHUd U 000pyI0BaHUs
0,01 ngo 50 | TommmHa Y YIIAKOBOYHBIX
Jlox/em? IIPOJYKTa MaTEpUaJIOB

VYabrpaseyk | HacTtorsl IT;moTHOCTB Hcronuenue Jnsa  smyneru-

(US) BBIIIIC 100 | 3ByKOBO# KJICTOYHBIX pOBaHuH,
k' IIPU | DHEPTUU MeMOpaH, CTEpUIIM3ALHH,
naTencuBHO- | (Br/cm®) U | JIOKAJIbHBIN OKCTPAaKIUU U
CTAX HUXe | | muieBble Harpes U | 3aMOpaKHBa-
Br/cM?  wm | cBOMACTBA, oOpa3oBaHue HUSA CBEKUX
18...100 xI'm | Takue KaK




npu BSA3KOCTb U | CBOOOJTHBIX MUIIEBBIX
10...1000 pa3Mep yacTHll | paJuKaloB IIPOJYKTOB
Br/cm?)
Pamuammon- | %Co B | Xapakrepuctu- | 3meHnenue Ucnonp3yrores
HOE KayecTBe KM  [HUIIEBBIX | XPOMOCOMHOU | JIJIst
o0nmydeHHe | UCTOYHUKA MIPOYKTOB JTHK u/unu | pachacoBaH-
(IR) SHEPIruu (TUTOTHOCT®, [IUTOTUIa3MaTH- | HBIX WIu
ramMma- BJIOKHOCTh M | YECKOU CBIITYyYHX
-) U3ITy4eHUs] U | YpOBHU MeMOpaHBbI MUIIEBBIX
CTEpWIIN3YIO- | aHTHOKCHJAaH- MPOAYKTOB
HIUX 7103 | TOB) U BHEIIIHHE
okono 1...50 | dakropsr
k['p (oOwruHO | (TEMIEpATYpA,
B JMAaNa3oHe | HAUIMYHE WU
1...10 kI'p) OTCYTCTBHE
KHACIIOpo/ia |
MOCIIEAYIOIINE
YCIIOBHS
XPAHCHMS)
XonoaHas OO6b1yHO VYcnosus Pa3pymienne Hcnone3yercs
ma3ma OapbepHBIT 00paboTKu JUTTUTHOTO uist 00paboTKH
(CPL) TJICIOLIH (maBieHue rasa, | OucIOs MMOBEPXHOCTH
pas3psia TUI,  Pacxoj, | KIETOYHOM CBIPBsI u
MEXIy JBYMS | 4acTOTa U | MeMOpaHBbI YITAKOBOYHBIX
napajuieNbHbl | MOLTHOCTh MaTepuasoB
-MH BO30YKICHHS
AIIEKTPOAAMH | TLJIa3MBbl) u
COCTaB rasa
Nmmynbe- Harmpsixen- ITapameTpsl Hapyenue Hcnons3yercs
HBIC HOCTh YCTpOHCTBA KJICTOYHBIX st 00paboTKH
JNIEKTpHUYEC- | 3JeKTpudec- | (TWUI  BOJHBI, | MeMOpaH KUIKUX
KHe MOJISt | KOTO TIOJNSI B | HANPSDKEHHOCT | (DIIEKTPUYECKH | MPOTYKTOB
(PEF) Jana3oHe b i mpobGoit u | (GpyKTOBBII
20...80 ANEKTPUYECKOT | DIEKTPOIopa- COK, MOJIOKO H
kB/cwM, O TIOJISL, IIIMPUHA | ITHS) ap.)
HECKOJIBKO UMITYJIbCA,
UMITYJIbCOB U | 4acTOTa) U
BpeMs MUIIEBbIC
00paboTku CBOICTBa
MeHnee 1 c. (TpOBOAUMOCTH
, 3HaueHue pH u
T.1.)
Ob6pabotka | OOBIYHO HeszaBucumo ot | [Iponunaemoct | Mcnonesyercs
o NaBIIEHUE OT | TEOMETPUH b KJIETOYHOW | Juis
BBICOKUM 200 mo 400 | nponykra, MeMOpaHbI pacdacoBaHHbI
nasienuem | Mlla U | pazMepa X MTUIIEBBIX
(HPP) Temreparypa | o00pyaoBaHHS IIPOJYKTOB WM
<50°C. U TapaMeTpoB CBIITy4HX
oreparopa MIPOAYKTOB
(maBnenwme,

Temreparypa H




BpeMsi
00paboTKN)

Herepmunueckue TEXHOJIOTHH CIIOCOOHBI MHAKTUBUPOBATH
MUKPOOPraHU3MbI IIPU TEMIIEPATYPE OKPYKAIOIIEH Cpesibl WIIM YMEPEHHBIX
TEMIIEPATypax, HO 3TU MIPOLECCHI TPEOYIOT OYEHb BBICOKON MHTEHCUBHOCTH
00pabOTKM WM HEKOTOPBIX OrPAaHUYEHHUM HCIOJIb30BAaHUHU YKAa3aHHBIX B
TaOJIMIEe TEXHOJIOTUN, TaK KaK HMX JEeTadbHbIA 3((EKT OOBIYHO CBSA3aH C
Oonee HuszkuMm 3HaueHueM pH. Bbonee Toro, GakrepuanbHble CHOPHI U
BBICOKOYCTOWYHMBBIE MHUKPOOPTaHU3MBI TaKKe€ MOTYT OTpaHUYMBATH
JeTanbHyl0 3(QQPEKTUBHOCTh OTAEIBHBIX HETEPMUUYECKHX TEXHOJOTH,
Takux Kak texHosorus PEF.

YToOBl YCHMIUTh TPOTUBOMUKPOOHBIM 3(PQekT mnpu OoJsiee HUZKON
MHTEHCUBHOCTH IPOLIECCA, MOXKHO COUETaTh HETEPMUUECKUE TEXHOJIOTUHU C
TPaJMLMOHHBIMU METOJaMU KOHCEPBALIUU B MUILEBON NPOMBILIIECHHOCTH.
Hanpumep, MOXHO NPUMEHATh NPOTUBOMHUKPOOHBIE areHThl WIH JPyrue
HETepMUYECKUEe METObl 00paboTku: couetanue HPP ¢ maktuumunom mnu
HU3MHOM; ucrnosnb3oBanue PEF ¢ onHOBpeMEHHBIM  BO3AEHCTBHEM
yiapTpa3BykoM. Antonio-Gutiérrez, O. u np. [2] mokaszamu, YTO COKH
rpeingpyra, 00paboTaHHBIE YIbTPAa3BYKOBBIM PACIBUIEHUEM B COYETAHUU
c MmetonoM Y@-uznyyeHus, ObUIM 3(P(GEKTUBHBI B HHAKTUBALMHM S.
cerevisiae. OHM OOHAPYKWUJIM, YTO MHUKpPOOHas MOMYJsALHS COKa Obuia
yMeHblIeHa Ha 2,8 log mukia nocie Tpex NpoxoJ0B 3a CYET KOMOMHALIMH
HETeIIoBoro mnpouecca no cpaBHeHutro c¢ 0,84 log wnwmkna mpu
UCTIONB30BaHUU OnHOTO Y®d-u3nmyueHus, a KadecTBO COKa HE WMEeT
3HAYMTENBHBIX U3MEHEHUM, TaKuX Kak pH u 1ger.

KomMOuHMpOBaHHBIE HETEPMUYECKHE METOABl HE TOJIBKO MOTYT
KOMIIEHCUPOBATh HEJOCTATKHU OJTHOTO METO/a, HO TaK:Ke MOT'YT 00ECIIEUUTh
cuHepreTuyeckuii 3¢ GeKT Bo BpeMst 00pabOTKH MUIIEBBIX MPOAYKTOB. XOTS
MEXaHU3Mbl HHAKTUBALIUY ITyTeM KOMOUHHUPOBAHUS HETEIJIOBBIX MPOLIECCOB
BCE €Il€ HESCHbI, KOHUEMNIMs OapbepHOW TEXHOJOTUH MOXKET OBITh
BO3MOXXHBIM TIOHMMaHHEM TOro, TIOYeMy KOMOHMHAIIUM HETEIIOBbIX
MIPOIIECCOB MOTYT 00€CTICUUTD JIyUIINi aHTUMUKPOOHBIN 2 dekT. Bo Bpems
WHAKTUBAllMM MHKPOOHOW KIJIETKM HaIlleIMBaHWE Ha TMPENATCTBUSA
OTIPEIETISICTCS 3a OJJUH HETEPMHUYECKHIA MTPOIIeCC.

JletanbHast 3pPEKTUBHOCTD MOKET OBITH YBEJIIMUEHA JI0 ONPEACIICHHON
CTETICHH 3a CYET ONTHMHU3AIMU YCIOBHH OOpPaOOTKH, HO KJIETKH HUMEIOT
OJTHOBPEMEHHO MEXaHHU3M CaMOBOCCTaHOBIICHUS, YTO MPUBOJUT K TOMY, YTO
HEKOTOPBIE MUKPOOHBIE KJIETKH HAXOATCS B CyOJIeTaIbHOM COCTOSTHUH, TEM
caMbIM pacxojays 4acTb BHewHe# sHepruu. [locne Toro, kak BpaxaeOHas
cpema wucdesia, MeTaboau3M KIETOK MOXKET OBITh YacTHYHO, WU
MOJIHOCTHIO BoccTaHOBIIEH. OTHAKO PU CTEPUIIU3ALUN MUKPOOHOM KIIETKU
C UCTOJIb30BAaHUEM COUYETAHMSI PA3JIMYHBIX THUIIOB HETEIIJIOBBIX TEXHOJOTUI
MOTYT OBITh aTaKOBaHbl PA3IUYHBbIC KJIETOYHBIE MHIIEHH, TaKHe Kak



MeMmOpaunHsblii 6enok, munun u JJHK, u Hapymensl HekoTopbie (QyHKUIUU
MUKpPOOHOM KJIETKH, YTO MPUBOJUT K CAMOIIPOU3BOJIBHON paboOTe KIETOK.

CrnenoBaTellbHO, COUYETAHUE PA3IMYHBIX METOJ0B OOPAOOTKHA MOXKET
YCWINTh WX CMEpTEJIbHOE WM HHrubupymomee JcicTBUE Ha
MUKpoopraHu3Mbl. HecMOTps Ha TO, 4TO B MOCJIEAHUE TOJIbI B HEKOTOPBIX
UCCJIEIOBAHUSX COOOIIANOCh, YTO KOMOMHAIIMS HETEIJIOBBIX TEXHOJIOTHM
YCHENIHO yayuiinia 3Qp¢GeKT THAKTUBAIUH 110 CPABHEHUIO C KOHTPOJIbHBIMU
WIN €MHUYHBIMA METOJIaMU 0OpPaOOTKH B MUILEBOM MPOMBIIIIIEHHOCTH, HO
UCCJIEIOBAHUS CJIEIYET CUUTATh IPEABAPHUTEIBbHBIMU, a KaTErOpUH UX
NPUMEHEHUsI [IO0Ka OrPaHUYEHHBIMH. OTO O3HA4YaeT, 4YTO COYETaHUE
TEXHOJOTHI HETEPMUIECKOU 00pabOTKU TOKHO OBITh TIATEIBHO U3YUEHO,
9TOOBI 00ECNEUYNTh HAWIYYIIUN CTEPHIIN3ALMOHHBIA (P(GEKT B YCIOBHIX
MUHUMAJIbHON HMHTEHCUBHOCTH OO0PaOOTKH, KOTOpPHIE COOTBETCTBYIOT
KOHLENIMKU «3eJieHOi oOpaGoTkm». MccnenoBarenu CUMTAIOT, YTO
OOBbEIMHEHNE HETEIUIOBBIX TEXHOJIOTUH CTAHET HOBBIM HaIpPaBJICHUEM
UCCIIEIOBaHUM B Oy Ty1iem.

Pe3yabTaTrhl U BHIBOBI

B TexHosoruax HerepMuueckoil 00pabOTKK HE UCHOJIb3yeTCsS HarpeB
B KayecTBE OCHOBHOI'O CpPEACTBA WHAKTHUBALMU MHUKPOOPIaHU3MOB H
(epMEHTOB B MHUILIEBBIX MPOJIYKTAaX, MO3TOMY OKa3bIBAETCS MUHUMAIbHOE
BJIMSIHUE HA UX LIBET, ApOMAaT, BKYC U MUILIEBYIO [IEHHOCTh, 00eCIeunBas Ipu
TOM BBICOKHE CTAHJIAPThl YCIOBHI O€30MaCHOCTH, a TAKXKE COOTBETCTBHE
TpeOOBaHUSIM TOTPEOUTENICH K «MHUHUMAIbHO OOpaOOTaHHBIM MHUIIEBBHIM
npoaykTam». bojee Toro, mo CpaBHEHHUIO C TEPMHUUECKON 0O0pabOTKOM,
TaKOW Kak MacTepu3allus, BbIIApUBAaHUE W CYIIKA, 3TH HETEPMHUYECKHUE
MEeTOAbl 00pabOTKM UWMEIOT MPEUMYIIECTBA COKPAIIEHUS BpPEMEHHU
00pabOTKH, CHUKEHUSI SHEPTOEMKOCTH, TIOBBIIICHUS YPOBHS O€30MaCHOCTH
Y YBEJIIMYEHUs CPOKA XPaHEHWs MMILEBBIX NPOAYKTOB. OJHAKO BCE ITH
HETEPMUYECKUE TEXHOJIOTUH HMEIOT 3HAuuTeNIbHbIE OrPAHUYEHUS B
o0ecrieueHnn KayecTBa MUIIEBBIX MPOAYKTOB C TOYKU 3PEHHUSI CEHCOPHBIX
CBOMCTB, TaKMX KakK TEKCTypa, IIBET, BKYC M apoMar, a TakKe IMHIIEBas
LEHHOCTh, IIOCKOJIbKY 00a OHM 3HAUMTEIBHO YXY/IIAIOTCS HU3-3a
DKCTPEMAJIbHBIX YCIOBUNM OOpaOOTKH, TakMX Kak Bpems 00paboTKw,
TeMIepaTypa, oABOAUMAs dHeprus [6].

CrnenoBarenbHO, JJIsI MOJy4YeHHUs Oojiee OE€30MacHbBIX, 3J0POBBIX H
KaueCTBEHHbBIX MUIIEBBIX MPOAYKTOB KOMOMHUPOBaHHAs 00pabOTKa MOXKET
ObITh Oosiee  A(P(PEKTUBHBIM METOJOM OOpaOOTKH Il  THUIIEBOU
NPOMBIIUIEHHOCTU. Hampumep, muieBoe chipbe, Npouieaniee 00paboTKy
PEF wm US mnepen TpaiulMOHHBIMM TIPOIIECCAMHU CYIIKH W
3aMOpaXMBaHUsA, HE TOJBKO TMOBBIMIAET dS(PPEKTUBHOCTh CYIIKH H
3aMOpaKMBaHUs, HO U OOECHEeYMBAET YJIYUYIIEHHOE Ka4eCTBO MPOIYKTA.
Kpowme Toro, npon3BoAcTBO 000pyAOBaHUS B MPOMBIIUIEHHBIX MacIITa0ax,
oIpe/ieNIeHNe YETKUX MEXaHU3MOB, pa3paboTKa CTaHIapPTOB U UCIIPaBJICHHE
HENPaBWIBHBIX  MPEACTAaBICHUN  moTpeduTeneili o  HeTepMUYECKOU
00paboTke OyayT BayKHBI /ISl TPOJIBIKCHUSI HETEPMUYECKUX TEXHOJIOTUH B



MUIIEBON MPOMBINITIEHHOCTH. Kak TONbKO 3TH mpoOsieMbl OyAyT pelieHbl,
PacCMOTPEHHBIE TEXHOJOTUHU HAMIyT ropa3fo 0oJiee MHUPOKOe IPUMEHEHNE
B [IUILEBOU IPOMBIIIIIEHHOCTH.
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