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BBEAEHWNE

brotexHoNOTHS — 3TO MCTOIB30BAaHNE OPTaHW3MOB, OHOIOTHYE-
CKHX CHUCTEM MM OMOJIOTHYECKHX MPOIIECCOB B IPOMBIIIIIIEHHOM TIPO-
n3BozicTBe. K oTpacisiM OMOTEXHOIOTHH OTHOCATCS TeHHAS, XPOMOCO-
MHas ¥ KJIeTOYHas WH)KEHEpHs, KIIOHUPOBAHUE CEITbCKOXO3HCTBEH-
HBIX PACTEHUH W KUBOTHBIX, HMCIIOIB30BAaHHE MHKPOOPTaHHU3MOB B
XJIe0OTIEYeHNH, BUHOIEIINH, TIPOM3BOJICTBE JIEKAPCTB U JIp.

[Ipon3BoacTBO Xs1eba BKITIOYAET CIOKHBIN UK MUKPOOHOJIOTH-
YECKUX ¥ OMOXUMHUYECKHUX MPOIIECCOB, MPOUCXOASIIINX B TECTE C MO-
MEHTa CMEUINBAHHUS MYKH C BOAOW M 3aKaHYMBAIOIIUXCS BBIITEYKOM.
B copra Myk#, HCroap3yeMoi TSt BRITIEYKH MIIEHUYHOTO U PYKaHOTO
xy1e0a, BXOASAT KOMIIOHEHTHI, HEOOXOIUMBIE JITsl Pa3BUTHS MHOTHUX MU-
Kkpoopranm3moB. Kpome kpaxmana B Mmyke comepxutcs 1o 0,7-1,8%
(B mepecyeTe Ha CyXO€ BEIIECTBO) COpPaKMBAEMBIX CaxapoB — TIIO-
KO3bI, (PPYKTO3BI, MAJIBTO3bI, caxapo3bl, papGUHO3EI, CYIIECTBEHHO
BIUSTIONINX HA TIEPBBIC cTaTuu OpokeHUs Tecta. OOpasyromntiuecs mpu
THIPOJIH3E KpaxMana aMHIJIONNTHIECKIME (PepMEHTaMH MYKH yTJyle-
BONBI (MalbTO3a M Jp.) — OCHOBHBIE CyOCTpaThl, 00CCIICUNBAIOIIHE
MIPOIECC OPOXKEHHS M XOpoIlee ra3000pa30BaHNe MPH W3TOTOBICHUN
TecTa. A30Tco/epIKalire BEIIeCTBa MyKH COCTOST TIIABHBIM 00pazoM
n3 OenkoB. B HE3HAYMTETFHOM KOJIMYECTBE COAEPIKATCS M HeOeKo-
BbIe a30THCTHIE BEIIECTBA — CBOOOIHBIE AMHHOKHCIIOTHI M aMFJIBI.
Kpowme Toro, mpoTenHassl MyKH 000TaIaroT TeCTO BOJOPACTBOPUMEI-
MU a30TCO/IEPKAIIIMH COEAMHEHUSIMU. B cocTaB MyKku BXoauT 110 2 %
MUHEPaJIHHBIX BEIIECTB, B TOM YHCIE MUKPOIIEMEHTHI.

Baxkreiryto pois B OpOXKEHUH TECTa WUTPAIOT IPOXKKH U MO-
JIOYHOKHUCIBIE OaKTepwH, IJI KOTOPBIX MMEIOTCS BCE HEOOXOANMBIE
ycIoBus: BIaxKHOCTH 40-50 %, He3HAUUTENFHOE COIeP KaHNE MOJIEKY-
JSIPHOTO KHUCIIOPOAA W HAJNMYHME TMUTATENbHBIX BelecTB. Mukpobno-
JIOTUYECKHE TPOIECCH U CBSI3aHHBIE C HUMHU OMOXMMHYECKHE M3Me-
HEHUS B TECTE ONPENEISIIOT TOPUCTOCTh, OKPACKY, TPOYHOCTH Cpe3a n
COXpaHEeHHe CBEeXECTH XJieba, MPUIAI0T eMy BKYC U apoMar.

Ja co3manus BRICOKOA(P(PEKTHUBHBIX MUIIEBBIX TEXHOJIOTHI, OC-
HOBAHHBIX Ha KYJTGTUBHUPOBAHHUH JIPOXIKEH, HEOOXOAMMO 3HATh OCO-
OceHHOCTH WX MeTabom3Ma B (GU3HOIOTHH. Ha ocHOBaHWM 3THX 3Ha-
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HUM MOXHO pealii30BaTh NOTCHLUIO IPOXOKEH B LENSX MOBBILICHHS
3¢ (EKTUBHOCTH MPOLECCa HAKOIUICHUsI OMOMACChI B JIFOOOW OTpaciiu
OHMOTEXHOJIOTHH, TJIE€ UCIIOIB3YIOTCS JPOMOKU CaXapOMUIIETHI, B 4aCT-
HOCTH B NPOU3BOJCTBE XJieOa, MEKapCKUX POXCKEH, MMBOBAPCHUH,
BUHOZICIHNU ¥ OMOCUHTE3€ 3TaHOJA.

Kypc nexnuii mo qucuumninune «brnorexHonornyeckre 0CHOBBI OT-
paciu» npegHa3HaueH 11 0aKkalaBpoB M0 HAMPABICHUIO TTOATOTOBKH
19.03.02 ITpoayKThl MUTaHUS U3 paCTUTENBHOTO ChIpbs. Kypc Hampas-
JieH Ha ()OPMHUPOBAHUE KIFOYEBBIX KOMIIETCHIIUH, HEOOXOIUMBIX JIJIsI
3 PEeKTUBHOTO peleHns MPOoPeCcCHOHANBHBIX 3a/1ad U OpraHu3alin
npodeccroHaNbHON AEATEILHOCTH Ha OCHOBE 3HAHHWH, KOTOPBIE TMO-
MOTYT MPaBUILHO COPUEHTUPOBATHCSL.



TEMA 1. MVKPOOAOPA NMOAYDABPVKATOB
XAEBOMEKAPHOTO MNMPOM3BOACTBA
N TUTTbl BPOXKEHIYI

B ocHoBe TexHONOrNN NMPOU3BOACTBA XJ1e0a JIEKUT COBOKYITHOCTD
CIIOKHEWIIMX MPOIECCOB, 00ECIEYNBAIONINX HEOOXOAUMBIC U3MEHE-
HUSI KOMIIOHEHTOB TECTa M MOJYy4YEeHUE W3/CIHl BHICOKOTO KaueCcTBa.
OcHOBHast poJib MPUHAIIICIKUT MPOLIECCaM, MPOTEKAIOIINM C y4acTH-
€M MUKPOOPraHu3MoB. Ha mpoTsyKeHnU MHOTHX BEKOB ISl pa3phIxJiie-
HUSI TeCTa MPUMEHSUIMCH 3aKBACKH, MOJYYEHHBIE NMPH CIHOHTAHHOM
OpOKEHUH, BBI3BIBAEMOM TPUPOTHON MUKPODIOPOH MYKH.

B nonydabpukarax xjie0ONEKapHOro MPOU3BOACTBA BOZHUKAIOT
pa3nu4HbIC THIBI OpPOXKEHMsS, BO3OYIUTENSIMH KOTOPBIX SIBIISIIOTCS
MUKPOOPTaHU3MBI, IPUCYTCTBYIOIIUE B MYKE U JOTOJIHUTEIHHOM
CBIpbE, WJIU CIELHAaIbHO J00aBisieMble OaKTepuaibHble KYJIbTYpHl B
BUJIC KHUJKUX IPOXCOKEH MM 3aKBAcOK. Pa3nuuaioT ceMb OCHOBHBIX
TUTIOB OPOJKEHUS:

— CIIUPTOBOE;

— MOJIOYHOKHCJIOE;

— MPONHOHOBOKHCIIOE;

— OYTeJICHITIEKOJIEBOE;

— aleTOHOATUIIOBOE;

— alleTOHOYTHIIOBOE;

— MSICIISHOE.

OCHOBHBIE TIPEICTABUTENN MUKPOQIIOPHI MMIICHUYHOTO U PIKAHO-
ro TecTa — JPOXIKH M MOJIOYHOKHUCIBIe Oakrepun. OIHAKO B MONMY-
(abpukaTax MPOSBISIOT CBOIO YKH3HEACATEILHOCTD €Ie LENbIA Psij
OpOAMIBHBIX MUKPOOPTaHU3MOB, YTO BBI3bIBAET HEOOXOIUMOCTH OCY-
HIECTBIIATH MUKPOOHOIOTHYECKUI KOHTPOIb MYKH M OTIICJIbHBIX BU-
JIOB CBIPBS.



1.1 Apoxokm Saccharomyces cerevisiae

Hpoxokn, mpuMeHsieMble B XJIEOOTIEKapHOM ITPOU3BOJICTBE, OT-
HocATcsl K BUIy Saccharomyces cerevisiae. J[poxoku 3Toro Buaa
cOpaXUBaIOT TIIOKO3Y, (PYKTO3Y, caxapo3y, MaibTo3y, IMPOCTHIC
JIEKCTPUHBI, HO HE COPaXMBAIOT JIAKTO3Y, Kpaxmai, kierdarky. OHu
YCBaWBaIOT ATHJIOBBIA CIUPT, MOJIOYHYIO M YKCYCHYIO KHCIIOTHI, B
Ka4eCTBE MCTOYHUKOB a30Ta HCITOJIb3YIOT aMHUHOKHCIOTHI H aMMO-
HUWHBIE COJIU.

1.1.1 MopdoAoruns ApoOXOKen

Knetku S. cerevisiae nMeIOT OKpyIIIy!0, SIMIEBUIHYIO WU JIIHUII-
cousiHyr0 popmy; pasmep ux kojiediercs ot 2,5 10 10 MKM B more-
peunuke u ot 4,5 10 21 MkM B JyiuHy. Pazmep u hopma KIICTOK OTHOTO
M TOTO K€ IITaMMa OINpPEAEISAIOTCS T€HeTUUECKH U MOT'YT BapbHpO-
BaTbCsl B ONMPECIICHHBIX NPe/ieaX B 3aBUCUMOCTH OT YCJIOBHM KYyJb-
TUBUPOBAHUS M MOCIEIYIONINX ONEPAlHid MOTYYCHUS] KOMMEPUYECKHX
JIpOXxKel (00e3BOXKHUBAHUE).

Knetkn cocTosIT M3 MHUKPOCKOIUYECKUX (BHIUMBIX B OOBIYHOM
MuKpockorne 1pu yBenmdernuu B 600-900 pa3) u cyOMHKpOCKOTINYE-
CKHUX, BUIUMBIX TOJBKO B AIIEKTPOHHOM MHUKPOCKOIIE (YBEJINYCHHUE OT
15-20 T1bIC. pa3), CTPYKTYp. DTH CTPYKTYPBl MOKHO TMOJIPA3/IEIUTh HA
MOCTOSIHHO MPUCYTCTBYIOIIME U MEPUOAMYCCKH OOHAPY>KUBAEMBIC B
kieTke. K mepBbIM OTHOCATCSI pa3iniyHble OPraHe/JIbl — KJIETOYHbIC
CTPYKTYpPBI, BBIMOJHSIONIIUE ONpeAeieHHble (QYHKUUH. DTO SAPO ¢
SPBIIIKOM, MUTOXOHJPUH, PUOOCOMBI, KIIETOUHAsI CTCHKA, LIUTOTLIa3-
Martudeckass MemOpaHa, SHAOIUIA3MAaTHYECKUH PETHKYIyM (ceTb),
anmapat [01bK1, TU30COMBI, XUTOCOMBI, TIIMKOCOMBI U LIEJBIH Psijt
JIpyrux MeMOpaHHBIX CTPYKTYp (puc. 1). Bece kiieTounble opraHesuibl
OKpYXeHbI MeMOpaHamu. B cocraB MmeMOpaH BXOJAUT OOJIBIIOE KOJIH-
4ecTBO (hOCHOTUIHIOB, TPUUEM HX COICPIKAHUE KaK B KOJIMYCCTBCH-
HOM, TaK U B KQUYECTBEHHOM COCTaBE OIIpeJIeNsIeTCsl IpUupoioil opra-
HEJUTBL.



Puc. 1 Opranenisl IposkKEeBOH KIETKU:

1 — spbimko; 2 — sapo; 3 — pubocoMa (MalleHbKHE TOUKH); 4 — BE3UKYJIa;
5 — mepoxoBatsblii sHAO0IIIa3MaTHYecknil petukynyM (ER); 6 — anmapar
Tonbmxu; 7 — nuTockeneT; § — MIaKuil SHAOIIA3MaTUYECKUNA PETUKYITYM;
9 — muToxoHipust; 10 — Bakyounb; /] — nuroruia3ma; /2 — nuzocoma; 13 —
LIEHTPHUOJb U LEHTPOCOMA

MeMOpaHbl OpraHeil UMEIOT TPEXCIOWHYI0 CTPYKTYypy. OHH co-
CTOSAT M3 JIMIHIOB, OCIKOB M HEOOJBIIOrO KOJIMYECTBA YITIEBOIOB.
JIvnuapl IpeCcTaBlICHbl B OCHOBHOM MOHO-, M- U TPUIIHLICPUIAMH,
runepodochaTuiaMu U CTEPOIAMH — 3PrOCTEPOIOM U 3HMOCTEPO-
nom. Kaxxnast monexkyna ¢pocdonunuia cocTouT U3 TuapoQoOHOi, T. €.

OTTAJKUBAIOLLIEH BOLY,
u THAPOPHUIIBLHOM,
IPUTITUBAIOIIEH BOAY,
yacteir. [mapodumnb-
HBIE YacTH MOJICKYJIbI
HaXOMsATCS Ha BHEII-
HEU CTOPOHE MEM-
Opanbl, a THAPOPOO-
HbIE — HA BHYTPCHHEH.
Mornekynbl Oenka pas-
MEIAIOTCS Ha TTOBEPX-
HOCTH MeMOpaHbl WIIN
NPOHUKAIOT  BHYTPb
Hee (puc. 2).

Puc. 2 Mozenb k1eTouHON MeMOpaHb
(pocomunuas! ¥ TPAaHCIIOPTHBIE TPOTEHHBI)
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HenocTtostHHBIE CTPYKTYPhl — BKJIIOYEHHSI — B OTJIUYUEC OT Opra-
HEJUI TO BO3HHMKAIOT, TO UCUE3AIOT B MPOIECCE KU3HEACATSILHOCTH
KJIeTOK. byyun npomykramu MmeTadoau3ma KIeTKH, BKIFOUSHHS 0Tpa-
YKAIOT pa3IWYHbIE CTOPOHBI M ATAIbl ee (PU3NOIOTHIECKON aKTHBHO-
CTH. DTUMH HETIOCTOSIHHBIMH CTPYKTYPaMHU SIBJISTFOTCS BHY TPHKIICTOY-
HBIE 3aracHbIe COCTUHEHUS: KUPBI, NIUKOTeH U monudocdatsl.

BxuroueHust MOTYT OBITH IIPEJICTABICHBI B BHJIE 00JIee WK MEHEe
TUIOTHBIX YaCTHUI] — TPaHyll, KPUCTAIIOB WK Kareidb. OHH O0OBIYHO
MIPECTABIISIOT COOON CKOTUICHUS, BUIUMBIE TT0J] MEKPOCKOIIOM, JIN0OO
6e3 crnennanabHON 00pabOTKH, MO0 TocTe 00padOTKH Pa3IMYHBIMU
KpacutensiMi. Tak, HU3KOMOJIEKYJsipHbIe noiudocdarsl oOHAPYKH-
BAalOTCs B BUJIC TPAHYJI B BAKYOJISIX (BOJIFOTHH ), 5KUPBI — B BUJIC KarieJlb,
[JIMKOTEH BBISBIISICTCS TIPU OKPAITUBAHUU KJIETOK pacTBOpoM JIrorosst.

KieTodnas cTeHka sBIsS€TCS 4acThIO KIETOYHON 000JI0YKH, B CO-
CTaB KOTOPOH BXOJUT TAK)Ke MEPUIIa3MAaTHIECKOE TIPOCTPAHCTBO.

Kaerounas crenka (KC) BBIMOTHSICT CIETYIONINE OCHOBHBIC
byHKIMH:

1. 3ammTa OT BO3IEHCTBUS OKPYKAIOIICH CpPEIbl.

2. Coxpanenue GpopMbl.

3. Yyactre B 0OMEHHBIX MPOIIECCax: PETYIAINs MOCTYIUICHHUS TTH-
TaTeNbHBIX BEIIECTB U BBIJEIIEHHE META0O0IUTOB.

4. Onocpe0BaHHO yUaCTBYET B MPOIIECCax Pa3MHOKEHUS.

Knerouynasi creHka mpezicTaBiseT coOOH CIOHCTYIO CTPYKTYpYy
TOJIIIMHOM 0KOJIO 25HM (puc. 3):

- 1-i (HapyKHBIH)
CIOW — 3TO TOHKAsl JIMIO-
MIPOTEHHOBAS MEMOpaHa;

— 2-#f cnoW — 3HAYU-
b Manwan TEIbHO OOJIeE  TOJICTHIM
CJIOH — IpeAcTaBIseT co00i
MaHHAaHO-TIPOTEHHOBBIN
KOMILIEKC;

— 3-# clol COCTOHT U3

mmmmmmmﬂ\ueuopaua IIIFOKaHa, OH UMEET CIIOMC-

TyI0 CTPYKTYDY.

Tnoxau

Puc. 3 Monens KI€TOYHONW CTEHKH
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IIpu onTUMAaNbHBIX YCIOBUSX POCTA YUCIO CIO0EB — TPU, HO HHO-
Ia UX KOJIMYECTBO YBEIMUYMBAETCSI B OCHOBHOM 3a CHET IIIIOKAHO-
BOTO CJOs, TOJIIMHA KOTOPOro MoxkeT Bo3zpactu ¢ 20 mo 200 M, u
KJIETOYHasl CTEHKa yTojmaeTcs. Bo3HHKHOBEHME OYKH MPOUCXOAUT
ObIcTpee B TeX KJIETKaX, KOTOpble coaepskar Oonplie ManHaHa. [Ipn
yBenM4YeHUH 1oau riokana B KC nmocnenHss cTaHOBUTCS MEHee 3ia-
CTHYHOH 1 00pa3oBaHue MOYKH 3aTpynHsieTcs. OT COOTHOIICHUS MEX-
Jly TIFOKAaHOM M MaHHAHOM 3aBUCHUT ()OpMa KIIETOK (IIPH YBEITHUCHUH
colepkaHMs TIIIOKaHa HaOmiofaeTcsl yIJIMHEHHe KieTku). Bospact
KJIETKH, YCJIOBUS KYJIBbTUBHPOBAHUSI MOTYT CYIIECTBEHHO IMOBIUATH
Ha COOTHOIIEHHE MEXAy dTUMM KoMIoHeHTamu. Hampumep, npu oT-
CYTCTBHMHU MHO3UTOJNIA (BUTaMHHA B8) KieTounas 000104Ka CONEPKHUT
MEHbIIIe MaHHaHa, 0emka 1 Gocdopa, Ho OoJIbINe ITOKAHA U TITIOKO3a-
MUHA, YeM B HOPMAJIbHBIX YCIOBUSIX KYJbTUBUPOBAHUS.

Ha nomnto knerounoit cteHku npuxoautcs ot 6 1o 25 % cyxoii mac-
ChI KJIETKH. XUMUYCCKUI aHau3 KJIETOYHOU CTEHKU MOKA3bIBAET, YTO
OHa COCTOMT B OCHOBHOM U3 INIIOKAaHA U MAHHAHA; HAPSAY C 3TUMHU
KOMIIOHEHTAaMH B CTEHKE MPHUCYTCTBYIOT XHUTHH U OEJIOK.

B nepecuete Ha cyxue BemecTBa (% CB) Ki1eTouHbIE CTEHKH XJIe-
OoneKapHbIX IPOXKKEH B CpPEAHEM COAEpIKaT: TItoKaHa — 29, MaHHa-
Ha — 31, 0enkoB — oT 6 10 13%, MUOUAOB — OT 2 10 9, XUTHUHA — OT
3 1o 5%, muHepanbHBIX BemecTB — 3 %. Iloueunsie pyOIbI, H30IU-
POBaHHBIE U3 KIETOYHBIX 000JIOUEK IPOXIKEH, comepraTr okoio 85 %
MaHHO3bI, 4 % T0K03bI 1 2,7 % rmokozamuHa. B pyOuax u npumbIka-
IOLINX K HUM 30HaX, KpOME TOT0, JTOKaJIU3yeTCs] XUTHH.

Inoxan — 3TO CIIOKHBIN TOIUMEpP [IOKO3bI (MOJEKYJIbI [TFOKO3bI
COeAMHEHBI MeX Ty coboii B-1,6 u B-1,3 cBs3sME), pacnonararouuics
BO BHYTPEHHEM CJI0€ KJIETOYHON CTEHKH, PHJIEKAIEM K IIa3MalieM-
Me, WU KIeTOYHOH mMemOpaHe. [JIOKaH — OCHOBHOW CTPYKTYPHBIN
KOMITOHEHT KJIETOYHOW CTEHKH, MOCKOJIbKY MpPH €ro ylajJeHWH OHa
MOJTHOCTBIO pa3pyllaeTcs.

CreHKH caxapOMHILETOB COZEpaT, MO KpailHeW Mmepe, Tpu TUIa
B-mroxaHoBBIX TOMMMEPOB (1eouepacTBopuMblii —20,0%, menoye-Kuc-
notoHepacTBopuMbIi 30-35%, mienode-KucIoTopacTBOpUMBIii 5,0%).

CooTHoeHre Mexay (PppakusMy 3aBHCUT OT YCIOBUH KyJIbTH-
BUPOBaHMUS.
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CuHTe3 IIIOKaHa MPAKTHUYECKU 3aKaHYMBACTCS C 3aBEPIICHUEM
(dhopmupoBanust mouku. [Ipu 3TOM y4yacTByeT (pepMEHT IIFOKAHCUHTA-
3a. OHa B MaJI0- WM HEAaKTUBHON (POpPME JIOCTABIISIETCS B BE3UKYJIAX K
M1a3MOJIEMME, T7I€ aKTUBUPYETCS U CHHTE3UPYET MOJIMCaXapH/I.

YcTaHOBIIEHO, UTO CUHTE3 IIIOKaHa, TAKXKe KaK 1 MaHHaHA, 3aBU-
CUT OT YCJIOBHUI KyJAbTUBHUPOBAHUS: PEKUMA IMOJAUYU YITIEBOJHOTO U
A30THOTO MUTAHUS, TEMIIEPATyPhl KyIbTUBUPOBAHUS, adPALIUU U T. II.

Mannan — pa3BeTBIEHHBIN MTOJUMEP MaHHO3bI, HAXOJUTCS TJIaB-
HBIM 00pa3oM BO BHEIIHHUX CJOSX KJIETOYHOW CTEHKH. MaHHO3HBIE
3BEHBS] B MAHHAHE COETMHEHBI MEKIY co00it o —1,6 cBsi3sMU, a OOKO-
BBIC OTBETBJICHHS 00pa30BaHbI 3a cueT o-1,2 u 0-1,3 csazel. Ynane-
HUE MaHHaHa He U3MEHSeT 00IIyI0 (popMy KIETKH.

Tperuii yrneBoAHBIH KOMIOHEHT CTEHKH, XWTHUH, MPEACTABIIA-
er coboli monmumep N-aueTHINIIOKO3aMHHA; OH OOHAapY)KHUBaeTcs B
y4acTKaX KJIETOYHON CTEHKH, aCCOLIMMPOBAHHBIX C JOYEPHUMU IIpa-
Mamu. B cBOIO odepenb MIIOKaHbI U XUTHH 00pa3yrT KapKac, npua-
rorit KC HeoOxonumyro popmy. M3BecTHO, 4TO perenTopamMu Kui-
JIEP-TOKCUHOB SIBIISTFOTCS 3- 1 -6-ITFOKAHBI.

benok cocrasnser 10% cyxoro Beca ki1eTo4HON cTeHKH. Mexay
[JTFOKAHOM U MaHHaHOM HAaXOJSITCSl CTPYKTYpPHBIC OCIIKH, CBSI3aHHBIC
C ToJIMCcaxapuaaMu JUCYIb(OUIHBIMI MOCTUKAMH, COJIEPIKAHUE KOTO-
PBIX BapbUPYET B 3aBUCHMOCTH OT YCIIOBHI KYJIBTUBUPOBaHUS U (U-
3MOJIOTHYECKOTO COCTOSTHUS APOACKEH. DT OenKu oOpas3yloT Ha Io-
BepxHocTH KC ocMoubHBIN OeTKOBBIN cI0H TOMUHOHN 10 10 HM.

YacTp Oesika KJIETOYHBIX CTCHOK CBsi3aHa ¢ (hepmeHTaMu. B oc-
HOBHOM 3TO MaHHAHOINPOTEUHBI, KOTOPbIE COAEPKAT B KaueCTBE CO-
CTaBHOM yacTH MoJeKyibl 10 50% manHaHa. Takxke uMeeTcst HeOOIb-
110€ KOJIMYECTBO IIFOKAHOIIPOTEHHOB.

Ponb mannanonporenno (MII) 3akmouaercs B ciemyromem:

1. OHM BBIMOJHSIOT (YHKIUU PEIENTOPOB, BOCIPUHHMAOIIUX
MHOTOYHCIIEHHBIE CUTHAJIBL, TOCTYNAOIINE B KJIETKY U3 CPEJIbI.

2. Y4acTBYIOT B OCYIIECTBICHUU KOHTAKTOB MEKy OpraHu3MaMu
(BXOZSAT B COCTAB arTIOTHHUHOB).

3. OnpenenstoT MMMYHOJIOTMUECKHE CBOWCTBA IPOAIKEN.

4. Muorue u3 epmenToB, Haxonsmxcs B KC u nepuriazmaru-
YEeCKOM ITPOCTPAHCTBE, PEACTABISIOT COO0M MaHHAHOTIPOTEHHBI (MH-
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BepTrasa, kucias ocdarasa, acmaparnnasa, -TiroKaHasa, 0-rajaaKkTo-
3U/a3a, XUTUHA3a U Jp., BCEro UX 0Kojo 18).

5. Ha paHHHX cTagusx CBOEro CO3PEBAHUS BXOIST B COCTaB KHJI-
JIEP-TOKCUHOB U ()ePOMOHOB.

6. CBsi3aHbl C POLIECCAMU TIOJIOBOTO PAa3MHOKEHUS IPOATKEH.

7. MII, pacnonararomuecss Ha MOBEPXHOCTU KIIETOUHOW CTEH-
KU, SIBJISIFOTCS LIEMEHTHUPYIOIIMMU KOMIIOHEHTaMU, CBS3BIBAIOIIUMHU
ocTanbHbie cocTaBHble yacTu KC B eUHYIO CTPYKTYDY.

Bbuocunrte3 MII npotekaeT B pa3aU4HBIX KJIETOYHBIX CTPYKTY-
pax. OH HauMHaeTCs B dHAOIIa3MaTHueckoM petukyne (JI1P), mpo-
JIOJDKAETCS. B MEMOpPaHHBIX CTPYKTypax THIIA armrapara [oiabIKku u
CEKPETOPHBIX BE3UKyJaX, a 3aBEpIIACTCs B LUTOIIA3MATUYECKOM
memOpane (LIIIM). [Ipu cnusiHum Be3UKyI ¢ TIIa3MOIEMMON BasKHYIO
POJIb UTPAIOT TaKKe IeMeHTHI, kKak Ca, Mg, Mn.

U3 depmeHTOB, B COCTaB KOTOPBIX BXOJASAT TIIUKOMPOTEUHBI, CIIe-
JIyeT 00paTHTh BHUMaHHUE Ha MHBEPTa3y, KUCIyIo docdarasy u Tpera-
na3y. Otu depmeHThl HaxoaaTcs kKak B KC, Tak u B mepuriazMaruye-
ckom mipoctpanctse (I1I1IT) u MOTYT CeKpeTHPOBAThCS IPOXKIKEBBIMU
KJIETKaMH Hapy>Ky B OKpPYXKaroOIIyIO Cpey.

WuBepraza, unu docpodpykrozuaasza, ruipoau3yeT caxaposy —
OCHOBHOH YTJIEBOJ MEJIACCHI — Ha TIIIOKO3Y U (PPYKTO3Y.

W3BecTHbI 1ienovHas u kucnas ¢ocdaraspl. MakcuMaibHas aK-
TUBHOCTh HAOJNIOAeTCS MMEHHO Y KUCIION (pocdarasbl, Tak Kak Ipo-
LECCHI KUIHENCATSIEHOCTH JIPOXIKEH B OPOIMIBHBIX TPOU3BOJICTBAX
npoucxonar npu pH menee 5,5, B To Bpems kak ontumyM pH s
mienouHoit pocdarassl cocrasnsier 7,0. Kucnas dpocdarasza runponu-
3yeT pa3iuvHbIe dPUpHbIC CBSI3U (HOCHOPHOU KUCIIOTHI, B YACTHOCTH
ocBoboxas oprodocdar uz mosekyn ATO. JIpoxkxku UMEIOT JIBE OC-
HOBHbIE (DOpMBI KUCIIOH (hochaTassl — penpecCupyeMyro, CUHTE3 KO-
TOpOH MHruOUpyercs: oprodhocdaroM cpeabl, 1 KOHCTUTYTHBHYIO, €€
YPOBEHb HE 3aBUCUT OT KoHLeHTparuu PO4-3 B muTaTenbHOM cpefe.

Tperanaza — (epMeHT, TUAPOIU3YIOIINN 3alacHOM JIucaxapu
Tperanao3y ¢ 00pa30BaHUEM JIByX TIIMKO3UIHBIX OCTATKOB.

Xumun — JTMHENHBIN NoJIMCcaxapul, MOCTPOECHHbIA M3 OCTATKOB
N-aneTuinmiroKo3aMiuHa, COSAMHEHHBIX MEX Ty coboli B-1,4 cBs3smu.
XWUTUHOBBIC 1IENH YITAKOBaHbI B (UOPHUILIBI, HEPACTBOPUMBIC B BOJIE.
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OH BbIMONHSET (GYHKIHIO HEJUTION03bI, KOTOpask BXOIUT B COCTaB KJle-
TOYHBIX CTEHOK pacTeHuil. OTIu4ne 3aKI04aeTcs B TOM, YTO THAPOK-
CUJIbHBIE TPYIIIBI IPU BTOPOM YITIEBOJHOM aTOME OCTATKOB IIIOKO3BI
3aMelIeHbl Ha alleTUIIMPOBAaHHBIE AMUHOTPYIIIIHL.

ConeprxaHue XUTHHA 3aBUCUT OT BUAA APOAOKEH U YCITIOBUH Kylb-
TUBHpOBaHUs. JIOKaJIM30BaH OH MCKIIIOUUTEIBHO B TIEPBUYHON CenTe
(meperopoaxe), oOpasyromeiics npu AeJICHUN KIETKH, U TOJIBKO OKOJIO
10% xuTHHa pacrpeaemnseTcs Mo MOBEPXHOCTU APOAOKEH.

BozHuKHOBEHHE MOYKH HAYMHAETCS ¢ 00pa30BaHMsI XHTHHOBOTO
KOJIBbLIa, KOTOPOE 3aTeM pa3pacTaercsi, 00pasys centy. XUTHH MepBUY-
HOM CeNThl OKPY)KEH OPYTUMH YIJIeBOJaMH — [-TIIFOKAHOM M MaHHa-
HONIPOTENHOM, COCTaBJISAIOIIMMU BTOPUUHYIO CENTy. XUTUH CUHTE3H-
pyetcs u3 I'-6-® nmpu yuyacTuM XUTHUHCUHTAa3bl. BUOCHHTE3 XUTHHA He
TOJIBKO CKOHLICHTPUPOBAH B OIPEACIEHHOM MECTE Ha MOBEPXHOCTH
KJIETKH, HO U OCYILIECTBIISIETCS B OIPEAEICHHBIN IIEPUOJ] KIIETOYHOTO
LUKJIA, BKJIIOYAIONINK BOSHUKHOBEHUE U opMupoBanue mouku. Cko-
pPOCTh CUHTE3a XHUTHHA BO3pAcTaeT y KIETKH, focturmei 25 % ot pas-
Mepa MaTepUHCKOM, a 3aTeM MajaeT.

Xutuncunrasa (XC) B KJIeTKax HaXOAUTCS B ABYX (hopMax — HeaK-
THUBHOM, WM MAJIOAKTUBHOUW (3UMOTCHHO# ), M BBICOKOAKTHBHOM.

Kodakropamu ¢pepmenra ssisroress Mg, Mn, Co. Iloutu Best xu-
TUHCHHTa3a HaXOIUTCA Y CaxapoMHLETOB B mia3monemme (2/3). He-
OonbIIasi aKTUBHOCTB MPOSIBIISIETCS] B KJIETOYHBIX MEMOpaHax, B TOM
yrciae MeMOpaHax sHpomIasmMaTuyeckoro perukynyma (J11P). Cun-
Te3 epMEHTA HAXOAUTCS MO CTPOTUM METa00INIECKUM KOHTPOJIEM.
KonTponb ocymiecTBisieTcss Kak Ha CyOCTpaTHOM, TaK M Ha DHeEpre-
THYEeCKOM ypoBHsX. Bricokue konnentpanuu AT® B kieTke Ha nep-
BBIX dTanax LUKJIAa NOYKOBaHMs CTUMYIUpYyIoT XC 1 Ha4ajo CUHTE3a
XUTHHA.

VY npoxokell HalJCHBI crienranbHble 00pa30BaHus (OpraHeIbl) —
XUTOCOMBI, COJIepKalllie XHTHHCUHTAa3y B 3UMOTreHHO# ¢opme. [Ipen-
TM0JIaraeTcsi, YTO XUTOCOMBI TPAHCIIOPTUPYIOT (PepMEHT OT MecTa ero
CUHTEe3a, KOTOophli ocymecTsisiercs B OIIP, B nuTomiasmMarnueckyro
memOpany (LITIM).

B kieTouHo# cTEHKE COAEPKUTCSI HEKOTOPOE KOJTMUYECTBO CBOOO/I-
HBIX aMUHOKHCJIOT, INIMKOTEHA U MOIU(ochaToB, IOATOMY €€ MOKHO
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paccMaTpHBaTh KaK ClielUalbHbIN KOMIApTMEHT, I7Ie KJIETKa COCpPEio-
TOYMBAET B MOJMMEPHOH (popMme B KadyecTBE pe3epBa IMOIUCaXapHU/Ibl
Y aKTUBU3UPOBaHHBIC TIONU(pochaThl. [TTMKOreH UCTIONB3YeTCsl JPOXK-
JKaMH KakK 3aacHOM yIieBo.

Heoprannueckue nonugocdarsl npeacTaBisioT cOO0H THHEHHBIN
MOJIUMEP, B KOTOPOM OCTaTrku opTo)ocOpHOI KHCIOTHI COCAMHEHBI
MaKpod3prudeckuMu (ochoaHruapuansMu cBi3siMu. [lpu runponmse
9THX CBSI3€i BEICBOOOXKAAETCS CTOIBKO K€ DHEPIUH, CKOJIBKO MPH OTIIIe-
wieand P ot AT®. BricokomonekymnsipHble nonudocdarsl y4acTBYIOT
NPU POCTE IPOACKEH B aHAOPOOHBIX YCIOBHSX B TPAHCIIOPTE CaxapoB
gyepe3 [IM. Dto nerko yrunusupyemblii pezepB ¢ochopa U dHEpruu.
HaubGomnsiee coneprxkanne [1® npuxoaurcst Ha KIETOYHYIO MEMOpaHy.

Iepunnasmamuueckoe npocmpancmeo (I1I111) HaxoguTcs Mexay
KJIETOYHOM CTEHKOW M IUTOILIa3MaTn4eckoil MeMOpaHOi. DTO aKTUB-
HO (YHKIMOHHpYIOLIas 001acTb OPraHOWAHOTO THIIA.

[lepunna3ma BBIIOIHSET POIb:

— Oapbepa NPOHUIAEMOCTH;

— KOHTPOJISl TPAHCIIOPTA PACTBOPEHHBIX BELIECTB BHYTPb KIETKU
U U3 Hee;

— THIPOJIU3a HEKOTOPBIX KOMIIOHEHTOB cpefbl (YIIeBOIOB, Oe-
KOB W JIMIHUIOB) A0 CTPYKTYpP, KOTOPBIE 3aTe€M TPaHCIOPTUPYIOTCS
yepe3 nuToruiazmaruueckyro Memopany (LIIIM) dbepmentamu, cBs-
3aHHBIMU ¢ 3Toi MeMOpanoi. Tak, B Il HaxomsTcs ruaponassl,
THIIPONIU3YIOLIHNE YIIEBOBI, OesKK U Tunusl. Hanpumep, nHBepTasa
(B-dpyxrodypanosnaasa), KoTopasi pacIlerisieT caxaposy 10 IIIOKO-
36l U QPYKTO3bI; MEIMOHMAa3a, TUAPONU3YIOLIAs JUcaxapu MEInOHo-
3y JI0 TaJIaKTO3bl M TVIIOKO3BI; Kucnas docdarasza, KaTaauzupyomast
OTIICTUICHUE ABYX OCTaTkoB (POCPOPHOM KUCIOTHI OT aJIcHO3UHTPH-
docdara (ATD); Tpanciaokasbl; HykiIeo3uaaupocdarasbr;

— perynaTopa OMOCHHTE3a KJIETOYHOH CTEHKH Yy ApoxoKei. B
YaCTHOCTH, C y4aCTHUEM IIOJIMMEpa3 MPOUCXOAUT CHHTE3 OJUrocaxa-
PHIIOB, KOTOPBIE 3aTEM HMCIOIB3YIOTCS B OMOCHHTE3€E MOIHCAXapHIOB
KJIETOYHOM CTEHKM MaHHaHAa U IVIFOKaHa.

B IIIIII npoucxoquT pacilelieHue yJaleHHbIX U3 KIETKU IPOo-
OYKTOB oOMeHa. B 3TOM mpocTpaHCTBE € MOMOILBIO 3JIEKTPOHHOTO
MHUKPOCKOIIA 1aKe MOXKHO YBUJETh OCTATKU OPTaHOUOB.
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O0BeM TepUIIIa3MaTUYECKOTO MPOCTPAHCTBA 3aBUCHT OT (Pa3bl
pa3BUTHS KIIETKU U YCJIOBUIN KYJbTUBUPOBAHMS; OH MOKET YBEIUUH-
BaTbCsl MIPU COAEPKAHUU B CpPElE TPYAHOYCBOSEMBIX KOMIIOHEHTOB
WJIM TIOBBILIEHUU MPOHULAEMOCTH KJIETOYHON CTEHKHU. YBEIUYEHUE
wupuHbl [IIIII mpoucXxoauT Takke NpPU YBEJIWYEHUM KOHLEHTpa-
uu cyocTpara, HalpuMep MallbTO3bl, KOTOPYIO KJIETKa HE YCIeBaeT
TPaHCIIOPTUPOBATH OCPEICTBOM (PEPMEHTOB TPAHCIIOPTa IepMeas B
nutoruiazmy. Yeenmuenue [I1I1 vaOmromaercs mpu peruaparanuu cy-
XUX IpOXoKed. B 3ToM cilyyae B KIIETKM aKTHMBHO BXOAMT BOJA, a U3
[UTOIUIa3MbI YAAJSIOTCS TOBPEKACHHBIC P Jeruaparanuu (00eBo-
JKUBAHUH) OPTAaHOUIbI U UX YaCTH.

Humonnasmamuuecxasi membpana (LIIIM), wnn mnazmaneMma,
canenyer 3a [II1I1.

LIITM BBITIONHSIET CACAYIOIINE (PYHKIINU:

— OTHEJAET KJIETOYHYIO CTEHKY M NEPUIIa3MaTUYECKOE Mpo-
CTPAHCTBO OT COJCPKUMOTO KJICTKH (TIPOTOILIACTA);

— CO37]aeT OCMOTHYECKUN Oapbep Ui MOCTYIICHHUS BEIICCTB B
KJIETKY U BBIXOJIa U3 HEE;

— yYacTByeT B TPaHCIOPTE BEIISCTB, PHEPTHMH M HH(POpPMALIUU
BHYTPb KJIETKH U U3 HEE;

— perynupyetr OMOCUHTE3 KIIETOYHON CTEHKH, B YaCTHOCTH, y4a-
cTByeT B cuHTe3e nonucaxapuaos KC;

— COIEpKUT (PePMEHTHI, PACIIOJI0KECHHBIC C BHEIIIHEH MOBEPXHO-
CTH MeMOpaHbl, KOTOPBIC YYACTBYIOT B YCBOSHUH CaXapoB, aMUHOKHC-
JIOT U T. 1.

[IIM kieTkn npeAcTaBisieT COO0M THUIUYHYH) TPEXCIOHHYIO
CTPYKTYpY (CM. puC. 2), COCTOSIIYIO U3 JUIONPOTSHI0B. BHYTpeH-
HHUE CIIOU COCTOAT U3 JIUIIHUJIOB, KOTOPBIE PEICTABIEHbI, B OCHOBHOM,
MOHO-, JHM- W TpUIIUIepUAaMu. [ uapoduIbHBIC MOJSPHBIC YacTH
(dhochomunuIoB, pacroI0KeHHbIC Ha IOBEPXHOCTH MEMOpaH, COCIH-
HEHBI ¢ OCJIKaMU MEKTPOCTATUICCKUMHU CBs3siMH. TomuHa MmemOpa-
HBI OOBIYHO COCTABIIET OKOJIO 8 HM.

B 3aBucuMocTH oT Bo3pacta u (DPU3HOJIOTUYECKOTO COCTOSHHS
nposxokedt LIITM mMoxkeT ObITh MIAJAKOH WU CKIIAYaTOM, B MTOCICTHEM
clly4ae oHa 00pa3yeT WHBarvHaI|u, OOpallleHHbIC BHYTPb IIUTOILIA3-
Mbl. CK1aq4atocTh ((PUCTOHYATOCTh) MEMOPaHbI YBEITUYUBACTCS TIPU
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JeruapaTaluy JpoXOKeH, a TakKe IIPU BHECEHUH X B TUIOTHBIE Cpe-
JIbl C BBICOKOH OCMOJISTIBHOCTBIO TIUTATEIbHBIX KOMIIOHEHTOB. Pa3mep
KJIETKH yMeHblIaeTcsi (mazmonu3). CKIIaayaTocTh YBEIMYHBACTCS
TaKXe U MPHU CTAPECHUHU KIIETOK.

HuTonnazmaruueckas MeMOpaHa JpOioKei MOKET OCYIIECTBIISATh
MUHOIMTO3, (ParouTo3 1 SK301nTo3. [IMHOIMTO3 3aKiouaeTcs B CIO-
COOHOCTH 3aXBaThIBaTh M3 CPEIbl KaIlId OENKOBBIX PacTBOPOB, pac-
TBOPOB JIMITUJIOB H yIIeBO0B. Daronuros — 3axBar TBEPIABIX YacTHII,
9K30LIMTO3 — yJaJleHHE NUIAKOB M3 KJIETKH B IEPHILIa3MaTHYECKOE
POCTPAHCTBO.

[urormnazmaruueckas MemOpaHa cofepkut ot 5,4 10 6,4% ¢oc-
¢domumunoB u 26% sprocreposia OT OOIIEr0 KOJIMYECTBA JIUIHIOB.
s cpaBHeHHss MeMOpaHbl Bakyousieil comepxar 10 40% docdonu-
MHUJI0B M TOJBKO 6% 3procreposa OT 0OLIEero KOJMYecTBa JUIUA0B B
npoxokax. CooTHoLIEHHE MEXIy OelkaMH U JMIUAaMHU B BaKyOJIsp-
Hoit MeMOpaHe cocTarisieT 0,66.

WmeroTes nanHble, 4TO PU YBETUUEHUH COIEPIKAHUS CTEPOJIOB U
HeTpeeNIbHBIX )KUPHBIX KUCJIOT B APOXIKaX BO3PACTAIOT OapbepHbIC
¢ynkouu LIIM. Dto, Hampumep, MOXET MOBBICUTH YCTOHYHMBOCTB
JPOMOKEBBIX KIETOK K MOBBIIICHHBIM KOHLIEHTPALMSAM 3TaHOJA.

Conep:kuMoe KIETKH (MPOTOIIA3M) BKIIIOUACT A0PO U YUMONIA3-
Mmy. Slnpo sBIAETCS OCHOBHBIM, HO HE €JMHCTBEHHBIM HOCHTEJIEM
HACJIeICTBEHHOCTH, 1 KOHTPOJIIMPYET BCE OOMEHHBIE PEaKLWU Opra-
Hu3Ma. OHO TpexcTaBnsieT co0Oi JOBOJIBHO OKPYINIYIO CTPYKTYPY,
MOKPBITYI0 MeMOpaHoil. DTo ABoitHas MeMOpaHa, ycessHHas IopaMH,
YTO MOKHO BUAETH TOJIBKO MO ANIEKTPOHHBIM MUKpockoroM. C siaep-
HOW MeMOpaHO# accoMMpoBaHa CTPYKTypa, Ha3bIBaeMasi OJISIIKON
(plaque). XapakTepHblii KOMIIOHEHT OJSIIKA — 3TO MHOTOCIIOMHBIN
JIMCK, M3 KOTOPOTO B PO ¥ IIUTOILIA3My IPOTSIHYTHl MUKPOTPYOOUKH.
OTH OJSIILIKK MPEACTABIAIOT COO0H COCTaBHYIO YaCTh BEPETCHA POK-
JKEBOTO S7[pa, U TI0 MX IOBEICHUIO MOXHO CIEIUTDH 33 Pa3THYHBIMU
JTanamu JefeHHs SApa, T. €. dTalaMH KJIETOYHOTO [IUKIIA.

Mopdosnorus siapa MeHsieTCsl B 3aBUCUMOCTH OT YCJIOBHI KYJIBTH-
BUpOBaHuUs. JpoxkkeBasi KJIETKa B YCIOBHSIX aHAYpOOH03a UMEET SAPO
OOJIBIIMX pa3MepoB C (pecTOHYATHIME KpasiMH, TOTIA KaK B a9pOOHBIX
KJIETKaxX 3TOT0 He HaOIIomaeTcsl.
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I'enetnueckast HHPOpMALH, comepKamascs B sape, pacupene-
JIeHa MEXAYy XpOMOCOMaMH — HUTEBHJIHBIMH CTPYKTypamH, COCTO-
samumu 13 JIHK, ocHOBHBIMK OenkaM# — FHCTOHAMH M HEKOTOPBIM
KOJIMYECTBOM HETHCTOHOBBIX O€lKOB. Y S. cerevisiae 17 XpoMOCOM.
s cpaBHenus: y Oakrepuit — 1, y uenoBeka 46 xpomocom. Pasmep
Ka)KJI01l XpPOMOCOMBI y IpOXKiKeH MPUOIH3UTENBHO B IBA pa3a MEHBIIIE
OakrepuansHoii ¥ B 100 pa3 MeHbIIE, YeM Y YeJIOBEKa.

B sinpe comepykutcs sinphliiko — opranesa, borarast PHK. B nem
cuHTe3upyercs BeicokomonekyisipHas PHK, u3 kotopoii motom o6pa-
3yrorcs ocHoBHbIe THnbl PHK, BXonmsmue B coctaB pubocom — pu-
6ocomansabie PHK (p-PHK). Ot PHK u cuntesupyembie B qpyrux
yuactkax xpomocom marpuunbie PHK (M-PHK) BeIXOmsT uepes saep-
HBIE TTOPBI B IUTOIIA3MY, I7Ie IPOUCXOAUT cOOpKa puOOCOM, H CHHTE-
3MpyeTcsi OCHOBHAsI Macca KIETOYHbBIX OeikoB. [103ToMy y akTHBHO
Pa3MHOXKAIOIINXCS KJIETOK OPBI IIHPOKO OTKPBITHI.

VY apoxokeit Tpu tuna PHK:

1) cambie 6onbine monekynsl PHK — B pubocomax;

2) marpuunas PHK (mM-PHK) orBeuaer 3a mepenoc 3akoaupoBaH-
Hoii B IHK renernueckoii nHpopMauy B IUTOILIIA3MY, TI€ OHA CITy-
JKUT MaTpuliel s cuatesa oenka (M-PHK oOpasyercs B siipe);

3) tpancnoptHas PHK (1-PHK). B kietke MHOTO pazmmyHbIX
1-PHK, xaxxgast oOnagaet cnennuIHOCTHIO IO OTHOIIECHHIO K OJHOM
13 JBaIaTH AMUHOKHCIIOT.

Sapo ApoAoKeBOM KIETKH OTIMYaeTcs M0 XUMHUECKOMY COCTaBy
oT 1uToruia3Mal: 60 % Cyxoro BelIecTBa spa COCTABISIOT HyKJIEHHO-
Beie kucnotel (HK), raBubiM o6pazom JJHK, 35% — Genku u 5% —
JIpyTHE BEIECTBa, B TOM YMCIIE KUPbl, MUHEPAJIbHbIE COCIUHEHUS U
YIJIEBOJIBI.

Lumonnasma, 3an0MHSIOWIAs KIETKY, PECTABISIET COOON CIIOXK-
HYIO KOJJIOMJHYIO cUCTeMy. MaTpukc (LMTO30Jb) LUTOMIIA3MbI CO-
ctout u3 6enkoB u PHK (komnowzanas 4acTh), a Takke aMHHOKHC-
JIOT, KUPHBIX KHUCIIOT, caxapoB, OPraHMYECKHX M HEOPraHMYECKUX
BEIIECTB, HYKJICOTHIIOB, KOTOpble OOpa3ylOT HCTHHHBIE PaCTBODBI.
WonHBI cocTaB 3TUX COCIMHEHUN ompexaenseT OydepHble U ocMO-
TUYECKHE CBOMCTBA MaTpUKca. B nuromnnazme nporekaroT pa3audHble
OMOXMMHUYECKHE MPOLECCHl: [IMKOJIU3, CHHTE3 KUPHBIX KHCJIOT, HY-
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KJICOTU/I0B, HEKOTOPBIX aMUHOKHCIIOT U T. . B MaTpukce pacnonara-
FOTCS1 BCE OPTaHOU/IbI, KOTOPBIE CBSI3aHbI B €IMHYIO CUCTEMY.

Pubocomsl — caMble MaJIeHbKUE 110 Pa3Mepy CTPYKTYPHI (JHaMeTp
1o 20 um), copepakar 1o 50% PHK knerku. Hekoropast ux yacte cBs-
3aHa C MOBEPXHOCTHIO MEMOpaH 3HIOIIA3MATHIECKOTO PETUKYIIyMa.
OyHKIMS ppOOCOM COCTOUT B OMOCHHTE3€e OeKa.

Pubocomsbr cocrosat u3z Oenka (50%) u PHK (42-50%). Ha ux
JIOJIIO TIPUXOTUTCS 0K0JI0 15% cyXxoil Macchl IIUTOIIIA3MBI.

Mumoxondpusi (M) — TOIyaBTOHOMHAs KIETOYHAs CTPYKTypa,
OKpYXCHHasl JABOMHOM TpPEeXCIOWHOW JHUMOMPOTEHIHON MeMOpaHou
ToNMHOM 6-10 HM Kaxaas. Mexay HUMU HaXOAUTCS MEPUMUTOXOH-
JpUaNbHOE MPOCTPAHCTBO, pubmmkaromeecs k 10 M. BHyTpeHHsIs
MeMOpaHa 00pasyeT CKJIAAKH — KPUCThL. BHYTpH MUTOXOHApHH HAaxo0-
JTUTCSI MaTPUKC, B KOTOpoM cocpenorodeHsl pepmentsl LITK (puc. 4).

Yem Ooree MHTEHCUBHO MPOTEKAIOT OMOCHHTETHYECKUE TpoLIec-
Cbl B MHTOXOHJIPUH, TeM OOJIbIIE KPHCT, 38 CYET KOTOPBIX YBEIHYH-
BAEeTCs aKTUBHAs TOBEPX-
HOCTh M, Ha KOTOPOi J10-
KaJu3yloTCsA  JIbIXaTellb-
HbIE (pepMEHTHI, TOITOMY
MUTOXOHJIPUH Ha3bIBAIOT
«JIETKUMU KIICTKH».

B ana’poOHBIX YyC-
JOBUSIX ~ MHUTOXOHJPHHU
JIerpajiupyIoT, MpH 3TOM
YMEHBIIAETCS YHUCIIO
3TUX CTPYKTYp, YBEJH-
YUBaeTCs MX pasMep, HO
CHIDKAETCSl  KOJIMYECTBO
KpUCT. OTH  Jerpaau-
pyomue MHUTOXOHIPHUH
Ha3bIBalOT MPOMHUTOXOH-
apusmu.  OpHako mpH
BHECEHUU JpOXkKed B
Puc. 4 Cxemaruueckoe n300paxeHue cpeny € paCTBOPEHHBIM B

CTPOCHUSI MUTOXOHIPUU HEl KUCIOPOAOM MPOUC-
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XOIUT aKTUBHOE JEJIEHUE IIPOMUTOXOHAPUN — U3MEHEHHUE UX CTPYK-
TypBl, T. €. YBEJIIMYEHUE YKCIIa KpUCT. IIpu 3TOM BaKHO, 4TO CKOPOCTh
JIeJIEHNs MUTOXOHAPUHN TNPEBBIIAET CKOPOCTh JENEHUs sjapa. ITo
00BsACHSIETCS TEM, UTO JaHHAsI CTPYKTypa 00JiafaeT COOCTBEHHBIM Ie-
HETHUYECKHUM ammnapaToM.

JHK npoxkeBbIX MUTOXOHJIpH, KOTOpas cocTaBisiioT 15-23%
Bcer JIHK knetku, npencrariser coOoi KOJIBIEBYIO MOJICKYIY C MO-
nexynsipHoi Mmaccoir (MM), B 5 pa3 6onbireit, yem MM JIHK B muTo-
XOHJPUSIX BBICIIMX XUBOTHBIX. CBOEH KONMBIEBOH (POPMOI MUTOXOH-
JpUaNbHbIE XPOMOCOMBI HAITOMUHAIOT XPOMOCOMY OaKTepHii, mpruem
Pa3sMHOXKAIOTCS. MUTOXOHAPUH Nogo0HOo OakTepusim. OnHako M — He
000co0IeHHast OT KJIETKHU CTPYKTypa: B MUTOXOHAPHIX CUHTE3UPYeT-
csl ToAbKO 1/4 MuTOXOHApHAIBHBIX OesikoB. OCHOBHAS YacTh OENKOB
MUTOXOHJIPUN CUHTE3UPYETCs Ha IUTOIIA3MaTHUYECKUX pUOOCOMax.

B MHTOXOHApHUSAX MPOXOIAT BaKHEHIIHE OMOXUMHUYECKHE MPO-
LECCHI, CBA3aHHbIE C AbIXaHueM. bosblias 4acTe (epMEHTOB LKA
TpukapOoHoBbIX KHcH0T (L[TK) HaxoauTcst B MaTprKce MUTOXOHIPHU.
@DepMEHTHI, YYaCTBYIOIIUE B TPAHCIIOPTE IEKTPOHOB U OKUCIUTEIb-
HOM (hocOpHUIMPOBAaHNH, JTOKATH30BaHbl Ha BHYTpEHHEH MeMOpaHe
MUTOXOHJIPUH, B TOM YHUCJI€ U Ha KPUCTAX.

Ha pa3BuTre MUTOXOHAPHH BIUSIOT HE TONBKO (U3UKO-XHUMUYE-
CKHE yCcJIOBHUS KylabTHBHpoBaHHs (pH, Temmeparypa, KOHLIEHTpaIHs
KHCJIOpOJa U T.[.), HO M COCTaB MUTaTeNbHOU cpeabl. Tak, nobasie-
HUE JINIINAJ0B, HAIIPUMEP OJI€MHOBOM KUCIIOTBI WIIH 3ProcTepoda, pu-
BOJUT K 00pa30BaHMIO KpUCT. Ha pa3BUTHE MUTOXOHAPHH OKa3bIBaeT
BIIUSIHUE TAKXKE KOHLIEHTpALUs [NIIOKO3bI B CPEIE, KOTOPast BbI3bIBACT
nposienenue 3¢ pexra Kped-Tpu. AKTHBHOCTH MUTOXOHIPUH, CBSI3aH-
Has ¢ ¢pepmentamu LITK, 3aBucuT or Hanu4us B cpene KyJIbTUBUPO-
BaHHs (PaKTOPOB POCTa, MAKPO- U MUKPOAJIEMEHTOB U CTHMYJISITOPOB
OMOCHHTETHYECKHX TpoueccoB. Tak, Ipu OTCYTCTBHHU B cpene Ouo-
THHA CHIDKAETCs MHTEHCHBHOCTD Ipoliecca 00pa3oBaHus OKcaioale-
TaTa, B pe3y/bTare 4ero 3aMeassieTcsl padoTa MUKIa U YMEHBIIAETCS
NOTPEeOHOCTH B IBIXaTEIbHBIX (PepPMEHTaX, CIIeI0BATENBHO, CHUKALCT-
csl MOTPeOHOCTh B Pa3BUTHIX MEMOPAaHHBIX CTPYKTypax, Ha KOTOPBIX
OHH JOKaIM3yTCs. 1103TOMYy CHM:KAeTCsl CKOPOCTh IEIEHUS MUTO-
XOHJPUN U YMEHBIIAETCS COAEPKAHUE B HUX KPUCT.
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Duoonnasmamuueckas cemv (D11C), vnum dHAOTIIA3MATUICCKHIA
petuxyinym (OI1P), — 3T0 crcTeMa KaHAJbIEB, IIUCTEPH U TY3BIPHKOB,
KOTOPBIE MPOHU3BIBAIOT BCIO MPOTOILIa3My KIETKH U COCTUHEHBI PYT
C JPYyroM W JIPYTMMU OpraHeJIaMH, B YaCTHOCTHU C SIIPOM U puOo-
comamu (puc. 5). OT cTeneHu pa3BETBICHHOCTH 3TON CETH 3aBUCHUT
AKTUBHOCTh MHOTHX METa0OJIMYECKUX MPOIIECCOB, B YACTHOCTH CUH-
Te3 OEIKOB, )KUPOB U yrieBojoB. DIIP pa3zBura Oosblie B a3poOHBIX
JIPOXIKAX, YEM B aHAIPOOHBIX, a TAKIKE B MOJIOJIBIX KJIETKaX OOJIBIIE,
YeM B CTapbIX.

OIIP mpencraBnsieT coOOH TPEXCIOWHYIO JIMTIOMPOTEHIHYIO
MeMOpaHy, Ha KOTOPOH HaXOJSATCS MHOTOYHCICHHBIC (DEepMEHTHI
(puc. 5). OIIP obecrnieunBaeT CUHTE3 U MEPEIBIKEHUE Pa3TMUYHBIX
METa0OJUTOB B KIJIETKE U UTPACT POJIb BPEMEHHBIX XPaHWIIUI BbI-
paboTaHHBIX TPOAYKTOB. Hampumep, Oenku, CUHTE3UPOBAHHBIC B
pubocomax, mpoxonar B kaHaiel DIIP u Mo HUM MEpEeHOCATCS B T
YYaCTKH KJICTKH, JJIsl KOTOPBIX OHU MpeAaHazHadeHbl. Bo Bpems me-
peMerieHus 0eIoK MOXKeT (hochOpUITHPOBATHCS WITH MIPEBPAIATHCS
B IJIUKOMIPOTEH]I.

Takum 06pa3zom, ocHOBHbIMU (yHKIHssMU DI 1P sBisiroTcst cunTe3
Oernka, monuduUKanus OCIKOB, a TAKIKE CHHTE3 JIUITHJIOB.

NNAIMATHHECK AR MEMEPAHA
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Puc. 6 Cxema munonpoTeniHo MeMOpaHbI:
1, 2 — memOpana; 3 — 6enox

OHJ0MIa3MaTHYECKUI PETUKYIIYM Y APOAOKEN AETUTCS Ha LIepo-
XOBaThIM U Mankuid. B mepBoM ciydae Ha MOBEPXHOCTH MEMOpaHBbI,
00palIeHHO! K IUTOIUIAa3Me, HaXOIATCsl pHOOCOMBI, Ha KOTOPBIX HIET
cunres Oenka (Puc. 6). I'maakwuii perukynym (I'P) siBnsieTcst mpounsso-
JTHBIM OT mepoxoBatoro. OH y4yacTBYeT B CHHTE3€ JIMIIMJIOB, HEOO-
XOIUMBIX JUIsI (DOPMHUPOBAHHS BCEX KJIETOYHBIX MEMOpaH, a Takxke
ymieBosioB. Kpome Toro, I'P cBA3BIBaeT 11€pOXOBATHIA PETHKYIYM C
anmaparoMm [onbxu.

Mopdomnorust OIIP 3aBUCHT OT ycIOBUH KyJIBTHUBUPOBAaHUS, (a3bl
pocta Iposoked 1 GU3NO0IOTHIECKOr0 COCTOSHUS KIIETOK. MIHTeHCHB-
HO pacTylllie KJIETKH MMEIOT XOPOULIO Pa3BUTHIN PETHKYIYyM, O3TO-
MY €ro MOXXHO OOHapY>KUTb TOJBKO C MOMOLIBIO JIEKTPOHHOTO MU-
Kkpockoma. OHaKo M0 Mepe CHUKEHUSI METa00INIeCKO aKTHBHOCTH
JPOYOKEH TPOUCXOANUT yMEHbBILICHHUE TOBEPXHOCTH MEMOPaH U UX pas-
BETBJICHHOCTH, B PE3yJbTaTe MOSABISIOTCS Bakyosid. Takum oOpaszom,
HaOmoaeTcst B3aUMOCBSI3b Mexk 1y cTpykTypoit JI1P n pusnonoruye-
CKHM COCTOSIHUEM JPOAOKEH.

IIporiecc BO3HUKHOBEHUS BaKyOJIel MPEICTABISIETCA CIEAYIOLIIM
o0pa3zoM: KaHaJIbIBI U MUKporucTepHbl DI1P yronmarores, coennusi-
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IOTCS IPYT € ApYyroM, o0pasys Oonee KpymHbIE MOJIOCTH (ITy3bIpUaTast
BaKyoJIb), KOTOPbIC MIOCTEIICHHO CTAHOBSITCS BCE KpyIiHee (puc. 7).

[IpencraBnenue 0 TOM, Y4TO BAaKyONH SIBISIOTCS MPOHM3BOAHBIMHU
JPYTUX MEMOpaHHBIX CHUCTEM KIIETKH, MOITBepKAaeTcs (PakToM HX
BO3PAcTHOr0 00pa3oBaHMs B KJeTKax. [Ipy BHECEHUH APOXKIKEH B CBE-
JKYI0 IUTATENbHYIO Cpely 9TH BaKyOJH HCUE3al0T, & COEPIKAIUeCs
B HUX BEIIECTBA MCIOJIB3YIOTCS B OMOCHMHTETHYECKHX IPOLECCaX.
BBuny aktuBm3anuu oOMEHa BEIECTB B KJIETKaX BHOBb BO3HHMKAET
He0o0XoMMOCTh B Xopomio pa3sutoit DIIP cetn, HeoOXoauMOHN yist
CHHTE3a U TPAHCIOPTa HOBBIX KOMIIOHEHTOB K Pa3lIWYHBIM OPraHOM-
JaM KJIIETKH.

[TosTomy yke B KOHLIE Jar-(ha3bl pocTa MOMYJISLHH 3Ta CETh pa3-
BUTA U IMEET 3HAYUTENbHYIO NPOTSHKEHHOCTh. KoHTpomupyeT cunTes
HOBBIX MeMOpaH sipo. B ¢daze 3amennenus pocta BHOBb MPOUCXO-

Puc. 7 ®otorpadus apoxikeit, couepKalnx BaKyolIn pa3ivuHoro pasmepa
(yBenmuenne 900 X). TeMHble rpaHyJIbl, JTOKaJIM30BaHHbIE HA TOBEPXHOCTH
BaKyoJIei, — 9TO JKUPOBBIEC BKIIOUCHUS
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1t Mopdostorndeckue namenenus DIIP, u B crarmonapHoii dase yxe
MOYKHO HAOJIFO/IATh MOSIBJICHUE BaKYOJIH.

Ponp Bakyonu, npexae Bcero, 3aKJIro4aeTcs B MOAIEPKAHUH BHY-
TPUKIETOYHOTO fnaBieHus. OCMOTHYECKasl PEerysiius B KIETKE Mpo-
HUCXOAUT MOCTOSHHO, TOJIBKO B MOJIOZIOM BO3pPacTe €€ OCYILUECTBIISIOT
SHJOIUIa3MaTUYECKas CETh U annapar [ 0JIb1Ku, a B 3peJIOM — BaKyOJIb.

B Bakyonu ckamiMBaroTCs HU3KOMOJIEKYJISIPHBIE MPOAYKTHI T'H-
JIPOJIN3a, HAlPUMEDP, CBOOOIHBIC AMUHOKHCIIOTBI, JIUITH/IbI, BOJIFOTHH,
MHHEpPAJIbHBIE BELIECTBA

Annapam ['onvOocu. 3HaunTENBHAS. YACTh IVIAJIKUX MEMOpaH OT-
nenena ot DIIP u opranu3oBaHa B CaMOCTOSITENbHBIC CTPYKTYpPHBIC
00pa30BaHusi, KOTOPbIE HA3BIBAIOTCS KOMIUIEKCOM [ OJIbIKH, COCTOSI-
LM W3 CUCTEMBI ITy3bIPHKOB U AUCKOB, COEIMHEHHBIX IPYT C APYroM
(cMm. puc. 5).

OCHOBHBIMH (PYHKIIUSIMU arapara [obpKu SBISIOTCS MOAU(H-
Kalusl, HAKOIUIEHHE, COPTUPOBKA M HAIPABIIEHUE PA3JINYHBIX BEILIECTB
B COOTBETCTBYHOIIME BHYTPHUKIICTOYHBIC KOMITAPTMEHTHI (OT/ICJICHUS ),
a TaKXkKe 3a MpeAebl KIETKH.

Anmnapat l'onpmpku NPpUHUMAET y4acTHE B MOCTPOCHUU KIIETOY-
HO MeMOpaHbl, B JOPMUPOBAHUU JTU30COM, BAKYOJICH U XUTOCOM, OH
MMEET HeMOCPEACTBEHHOE OTHOIICHUE K CEKPEIIMU OCITKOB U MOJIHca-
XapUJIOB, a TAKXKE BHIMOJIHSACT (DYHKIIUU TPAHCIIOPTA CEKPETUPYEMBIX
BEILIECTB B IPYTU€ YYACTKU KJIETKHU U K €€ TOBEPXHOCTH.

Jluzocombr — OpraHeIuIbl, OKPYXKCHHBIC OJHOCIONHOW MeMOpa-
HOW, OCYIIECTBIISIOT ITHUIICBAPUTENIbHBIC» (QYHKIUU. OHU SBIISIOTCS
npousBoaubiMu DIIP u anmapara l'onpmku. Pa3nuyaior nepBudHbIC U
BTOPUYHBIE JTU30COMBI. B IEpBUYHBIX JIN30COMAaX, JOKAJIU30BAHHBIX B
UTOIUIa3Me, (DEPMEHTBI HAXOSTCS B HEaKTUBHOU (opme. VX akTuB-
HOCTb IIPOSBIISIETCS TOJIBKO TOTJA, KOTa OHU BHEIAPSIOTCS B BaKyOJlb,
00pa3ysi BTOpUYHYIO BaKyOJIb.

Xumocomwvl TpuOOB conepxkar (GepMEHT XUTHHCUHTA3y, KOTOpas
KaTaJIM3UPYET CHHTE3 MUKPOPHUOPHIUT XUTHHA. XUTOCOMBI TIEPEHOCST
MUKPO(QHUOPHIUIBI K KIETOYHON CTEHKE, IJIe MPOUCXOAUT OMOCHUHTE3
pyO110B.

Ilepoxcucomvl — OpraHelibl, B KOTOPBIX aKKyMYJIHUPOBaHbI OKUC-
JIUTEILHO-BOCCTAHOBUTEIIbHBIC (DEPMEHTHI, HAIpuUMep, Karajasa,
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KOTOpasi BOCCTaHABIIMBAET MEPOKCH]] BOJOPOJA A0 BOJbL. DTH CTPYK-
TYPBI UMEIOT (PYHKIIMOHATIBHO-MOP(OIOTUIECKYIO CBSI3b C MUTOXOH-
JOpUSIMH, TaK Kak (pepMeHTHI, conepKaiecs B MUTOXOHIPHAX U Tie-
POKCHCOMaX, IOTOHSIOT APYT Apyra B MeTabonu3me apoxoxei. [Ipo-
clekeHa CBsi3b 3TUX opraHemn Takxke ¢ JIIP, anmaparom [onbmxw,
SAJIPOM U Jp.

[Tomumo opraHemn B LUTOIUIa3ME HaXOASTCA 3andcHbie Geuje-
€mea — BKJIIOUYEHUSI. DTO BOIIOTUH, JIUMU/IBL, TIIMKOTEH, OCIIKH.

Bomtotun, nnun metaxpomarrus. Ha3zBanne MeTaxpoMaTHH CBSI3aHO
C TEM, YTO OH BBI3bIBAET XapaKTEpHOE N3MEHEHHE 1IBETa y KpacuTes
METHJIEHOBOTO CHHETO.

Bomrotun y apoxokel T0Kaqu30BaH B BaKyolIsiX. DTO KMCIOTOpa-
CTBOPUMOE COCIIMHEHHE, cocTosiee 3 noiudocdara, oenka, PHK,
noHoB Mg+2 u Ca+2. BonrotuH siBisiercst pezepBoM Qocopa B KieT-
ke. OH HakamIuBaeTcsl MpH 3aMEJIEHUH pOCTa KIIETOK, BBI3BAHHO-
TO HEXBaTKOH NMHTATEeNbHBIX KOMIIOHEHTOB. MMKpPOCKOIMpPOBaHHUE B
OOBIYHOM CBETOBOM MHKPOCKOIE HE MO3BOJISIET OOHAPYKHUThH BOJIIO-
THH, TaK KaKk OH HaXOJHUTCSl B BAaKyOJH B aMOP(HOM COCTOSTHHH, T03-
TOMY €TO ONPENEISIIOT HUTOXUMUYECKUM METOJIOM.

[ToMrMo BOJIOTHHA B KIIETKaX COJEPXkarcs BBICOKOIIOIMMEpPHBIE
noimudocdarsr (I1D), nokanmuzosanusie Ha L[IIM unu BOMM3M OT Hee
u oOnagaronre O00IbIIONH METab0IMYECKOM aKTHBHOCTHIO. HekoTopoe
konuyecTBo I1d HaxoguTes B KieTouHoU oOonouke. Mimenno stu I1D
MIPUHUMAIOT HEMOCPEICTBEHHOE YYacTHE B aKTHMBHOM TPAHCIOPTE
CaxapoB M3 OKpPY’KaloLIe cpeabl B KIETKY M y4acTBYIOT B CHHTE3€
MaHHaHa. Bakyonsipras ¢pakuus [1D merabonnyeckn ManoakTUBHa,
U €€ MOJKHO paccMaTpuBaTh TOJBKO Kak 3anac ¢pocdopa, KOTOpbIi uc-
MOJIb3YETCS B CIIydae ero HeI0CTaTka B Cpe/ie KyJIbTUBUPOBAHHUS.

JIunuel MOTYT IIpH OTIPENIENEHHBIX YCIOBUSIX KYJIBTUBHUPOBAHUS
HaKaruInBaThCs B IPOXKIKEBBIX KJIETKaX. B KileTke TUnuabl HaxonaTces
KakK B CBOOOJJHOM COCTOSTHUHM B BHJIE KalleJIeK 1 YaCTHYCK, BUAUMBIX B
0OBIYHOM CBETOBOM MHKpOCKoIIEe npu yBenndeHud B 600-900 pas, Tak
U B BUJIE KOMIIJIEKCOB, KOTOPBIE BXOSAT B COCTaB MEMOpaH.

CB0OOHbBIE TUMHUIBI PACCMAaTPUBAIOT B KaueCTBE 3allacHBIX Be-
HIeCTB KJIETOK. B 3ToM ciydae onu BMecTe ¢ Gocharamu n Oenxamu
00pa3yroT BUANMBIE O] MUKPOCKOIIOM TPaHYJbI (CM. pUcC. 7).
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Huns S. cerevisiae HexapakTepHO 0OJBIIOE HAKOIICHUE B KJIETKaX
PE3EPBHBIX JUIUA0B, TOITOMY B HUX OOBIYHO OTCYTCTBYIOT BHIUMEBIC
Karuy kupa. OJHaKo MPH HApYIICHUSIX B OOMEHE BEIECTB, BHI3BAH-
HBIX, HallpUMep, OTCYTCTBHEM OHMOTHHA B Cpe/ie KyJbTUBHUPOBAaHUS,
JUMAABI MOTYT HaKarIMBaThCsl B MpoToriazme. Hapymenue Oananca
MEXY YIIIEBOAAMU U YCBOSIEMOTO a30Ta B IIMTATEIILHOM CpEJie TAKXKE
MOKET MPUBECTU K 00pa30BaHMIO JIUMTUAHBIX rpanyi. [lostomy Hamm-
YHe JIMIKAJI0B U UX MECTOIOJIOKEHUE B KIIETKE MOXKET CIYXKUTh IIOKa-
3aTeneM (PU3NOIOTUIECKON aKTUBHOCTHU JIPOXKIKEH.

OnHako TOJBKO HEOOJbIIAs YacTh JUMUAOB BBISBISETCS MOPQO-
JIOTUYECKU B BHJIE PA3JINYHBIX KJIETOYHBIX BKIOUEHUU. bombmiee ux
KOJINYECTBO OCTAETCSI HEBUIUMBIM I10J] MUKPOCKOIIOM. TOJIBKO € IIpH-
MEHEHHEM 0CO00H OKPAaCKU OHU CTAHOBSITCS BUAMMBIMH.

I'mukoren — nonucaxapu/] ¢ MOJIEKYIIpHON Macco okoso 10 ThIc.
k/la. J[ns1 Hero xapakTepHa BETBAIIASCS CTPYKTypa 3a CUeT IPUCOEIU-
HEHUs K OCHOBHOM LIEIH, B KOTOPO! IIMKO3UIHBIE OCTATKH CBSI3aHBI
MEXIY co0oH 0-1,4 CBA3SIMH, 1 OOKOBBIX ITTMKO3HIHBIX OCTATKOB, CBSI-
3aHHBIX MEXKAY co0oi a-1,6 cBs3simu. Takum 00pa3oM, OH HaOMUHA-
€T aMUJIONIEKTHH STUMEHS U APYTUX 3J1aKOB.

Mopdonorudeckn oH MpeacTaBiseT COOOH I'paHyNIbl Pa3MEpPoOM
10 9 HM. B 00bI1YHOM CBETOBOM MHUKpOCKOIIE 1ociie 00paboTKu Kiie-
TOK pacTBOpoM JIFOroJist 5TH rpaHyiIbl OKPaIIUBAIOTCS B OypO-KOpHY-
HEBBII [BET U BOCIPHHHUMAIOTCS I0J MUKPOCKOIIOM HE B BUJE OT-
JeNIbHBIX 00pa30BaHMi, a B BHJIE aMOP(QHOI OJJHOPOTHO OKPAILICHHOH
MAaccChl.

bruocunTe3 mmkoreHa HanOosiee MHTEHCHBHO TMPOUCXOIUT TPH
KyJBTHBHPOBAHHH KIIETOK Ha CPEIax, COAePIKaINX N30BITOK CaXxapoB,
a TarKke npu OpokeHuH. Jlaxke HE3HAUUTEIbHAS a’palysl BbI3bIBACT
3aMETHOE CHUKEHHUE COAECPKAHUS INIMKOT€HA B IPOACKAX.

ConeprxaHue IMHMKOreHa B KJIETKE MOJBEPKEHO 3HAYUTEIbHBIM KO-
ne0aHusAM B 3aBUCHMOCTH OT YCJIOBHM KyJIbTHBHPOBaHUsS. [TTHKOTreH
AKTHBHO MCIIONIB3YETCS APOXOKaMH B Jar-hase pa3BuTHs MOMYISHN
W HaKaruBaeTcs B (paze 3aMeyIeHHsI ee pocTa.

3anacHble OeJIKH 00OBIYHO CBSI3aHBI C JIMIUJIAMH U TTOJTUcaxapuia-
MU, OJTHAKO MPH HAPYIIEHHH 0OMEHA BEIIECTB OHU MOTYT BBITTIAJCTD
KaK KpUCTaJJIbl U 3aHUMATh 3HAYUTEIbHBIH 00bEM B KIIETKE.
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3anacHble BEIIECTBAa WIPAIOT 3HAYMTENbHYIO pPOJb B MPEOJOIIe-
HUH CTPECCOB, BBI3BIBAEMBIX PA3UYHBIMU (DUZHKO-XUMHUYECKUMH U
MEXaHUYECKHUMHU BO3JICHCTBUSMH IMPHU KyJIBTUBHPOBAHHH JPOACKEH.
ConeprxaHue ITTMKOTeHa B KJIETKE MOABEPKEHO 3HAYUTEIBHBIM KOJle-
0aHusIM B 3aBUCUMOCTH OT yCJIOBUH KyJIBTUBUPOBaHUS. [ TMKOreH ax-
TUBHO HMCIOJIB3YETCs IPOXKKAaMU B Jar-haze pa3BUTHS MOMYJSLIHNA 1
HaKaruBaeTcs B (a3e 3aMEAJICHUs €€ POcTa.

3anacHble OelKH 00BIYHO CBS3aHBI C IMIUIAMHU U MOJIUCcaxapHia-
MU, OJTHAKO MPH HapyIIeHHH 0OMEeHa BEIIECTB OHU MOTYT BBIIVIAJETh
KaK KpUCTAJLIbl M 3aHUMaTh 3HAYUTEIbHBIH 00bEM B KIIETKE.

3anacHbl€ BEIECTBA UTPAIOT 3HAYUTEIBHYIO POJIb B IPEOJOJIEHUN
CTPECCOB, BBI3bIBAEMBIX PA3TMUHBIMHU (DU3NKO-XUMHUECKUMH U MeXa-
HUYECKUMH BO3/IEHCTBUSMU MTPH KYITGTUBUPOBAHUU JIPOKKEH.

Ocmomuueckuit cmpecc. OCMOTHYECKOE JaBJIEHHE BO3HUKAET
M3-32 CTPEMJIEHHUS BOBI IPOHUKHYTh Yepe3 MOIYIPOHUIIAEMYIO MEM-
OpaHy B CTOpOHY 00Jiee KOHLIEHTPHUPOBAHHOTO M3 IBYX pa3lieeHHBIX
9TOl MeMOpaHO#H pacTBOpoB. Takoe naBieHHE MPSIMO TPOIOPIHO-
HaJIbHO KOHLIEHTPAllMM MOJIEKYJ], KOTOpble HE MOTYT HpOHTH depe3
meMmOpany. Llutonnaszmaruueckas MeMOpaHa IpOXKKEBBIX KIETOK Xa-
pakTepu3yeTcs MOIYIPOHUIIAEMOCTBI0 OTHOCUTEIBHO BOJBI U THIPO-
(UITBHBIX COCAMHEHHH C BHICOKOI MOJIEKYISIPHON MacCoM.

B nacTosee BpemMsi IIUPOKO UCIIONB3YETCsl TEXHOIOTHS KYJbTH-
BHPOBaHUS KJIETOK B CpeJie C BEICOKON KOHLIEHTpaLuel yrinesoaos. B
3TUX YCJIOBHUSIX KJIETKH HCIBITBIBAIOT THIEPOCMOTHYECKHH cTpecc.
[Ipu 3TOM ApOXKHM NMPUOOPETAIOT OKPYIIyIo (GopMy M HX MOBEPX-
HOCTb CTAHOBHUTCSA MOPIIIMHUCTON U3-32 YTE€UKH BOJIbI U3 KJIETOK.

Peakuus xnerok Ha OCMOTHYECKHH CTpecc 3aBHCHUT OT IUIOTHO-
CTH cpelbl U €€ YITICBOIHOIO COCTaBa, (PU3MOIOTHYECKOTO COCTO-
SHUS IpOXCOKEH M CTaJuu pocTa KIeToK. PasMHOMKaromuecs: KiIeTKH
(;or-paza pocra) OGosiee UyBCTBUTEIBHBI K CTPECCY, YeM KIIETKH, Ha-
XOISIIMECS B CTALIMOHAPHOW (aze pocTa. ITO 0OBICHACTCS Pa3HbIM
XUMHUYECKUM COCTAaBOM JPOAOKEH, B UACTHOCTH COJAEPKAaHUEM B HUX
PE3EpBHBIX YIIIEBOJIOB INIMKOT'€HA U TPETrao3bl.

B cBsi3u ¢ rUnepoCMOTHYECKUM CTPECCOM, KOTOPBII MCIIBITHIBA-
IOT KJIETKM B MOMEHT UX BHECEHHMS B TUTATEIBLHYIO Cpeay, TpeOyeTcs
HEKOTOpOE BpeMs ISl alalTalil WX K JAHHBIM YCIIOBHUSM, MPEKAC
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4eM JIPOXOKU HAUYHYT Pa3MHOXKATHCS. DTa CTa/ius B PA3BUTUU KIIETOK
HasbIBaeTcs Jar-¢a3oil. B 3TOT mepwonm CyIIECTBEHHO BO3pacTact
CUHTE3 IIUIEPOII-3-(hochaTaeruaporeHasbl, 4YT0 MPUBOAUT K YBEIH-
YCHHUIO BHYTPUKIICTOYHOM KOHIICHTpanuy muiepuHa. OTHAKO MOXKET
MPOUTH HECKOJIBKO YACOB JIO PETUCTPAIMH CYIIIECTBEHHOTO YBEJINYE-
HUSl COJICPIKaHUsl BHYTPUKIICTOYHOTO TIIUIEPUHA.

B 0OBIYHBIX YCIOBUSX DIUIEPHH MOXKET MPOHHKHYTH 4epe3 IH-
TOILIA3MaTHYECKYI0 MeMOpaHy, HO TIPH TUIIEPOCMOTUYECKOM CTPECCE
MOPBI, YePE3 KOTOPHIC OH BBIXOJIUT, 3aKPBIBAIOTCS U IIUIICPHH B TIEPHOJT
nar-(asbl He BBIIENIETCS B cpely. B mporiecce OposkeHHst CTpecc CHU-
MaeTCs U BHYTPUKIICTOYHAS! KOHIICHTPAIMSI IIMIIEPUHA YMEHBIIIACTCSL.

Omanonsustit cmpecc. Cniupt 00paszyercs B polecce OpoKeHus,
Y BIIMSIHUE €T0 Ha JIPOXIKHU OIPEIENIeTCs KaK dTaHOJIBHBIN CTpecc.

Tokcuyeckoe CBOMCTBO 3TaHOJA — YBEIMYCHHE MPOHUIIAEMOCTHU
U MOPUCTOCTU KJIIETOYHOH MEMOpaHbI, YTO MPUBOIUT K TpoOIeMaM
C TPaHCIOPTOM MUTATENbHBIX BemiecTB. Kpome Toro, HaOmwomaercs
JNeUIUT TOCTYITHOW BOIBI B IIUTOIIA3ME. Peakius KJIeToK Ha BO3-
JIEHCTBHE 3TUIIOBOTO CIHUPTA B JIAOOPATOPHBIX YCIOBHSIX MPOSBISACTCS
B YBEJIMYCHUU CTEIICHN HEHACHIIICHHOCTH WMEIOIIMXCS B IUTOILIA3-
MaTHYECKONW MeMOpaHe KUPHBIX KHUCJIOT, B POCTE COICPIKAHUS 3PTO-
CTEpUHA, CHUHTE3€ TPErayio3bl U MPOAYIMPOBAHUU CIEHUDUICCKUX
0EJIKOB TEpPMOIIOKA.

IIpu conepxanuu 3TaHona B cpene Boiiie 1,2 % MpoucxoauT CHU-
JKEHHE YHEIbHOW CKOPOCTH pocTa Jpoxokeit. KoHneHTpanus cupra
B cpelie 2% u Oonee MPUBOAUT K YMEHBIICHHUIO BBIXOJA OMOMACCHI.
[TomHOCTEIO pOCT ApoXoKel nmonasisiercs npu 8-9,5%-M copepxaHuu
3TaHOIMA.

DTaHON BIUSET Ha TPOJODKUTEIBHOCTh BPEMEHHM T'€HEpaluu
JIpOKeBOU KieTKH. [loBbIeHue KoHIeHTpalwu 3taHoia ¢ 0 1o 1%
MOBBINIAET BpeMsi TeHepalu MpuMepHo ¢ 2,3 1o 3,5 JacoB, a npu
KOHIIeHTpauuu 3TaHona 3,8 % onHa cocrapiseT yxe 6,9 u.

[IpoMbIlIUIEHHBIE JAPOACOKA B CiIy4yae IUIOTHOTO ITUBOBAPCHHS
MOJIBEPTarOTCsl BO3JCUCTBUIO BRICOKUX KOHIIEHTpalui 3taHona. [lpu
AKCTPAKTUBHOCTH HAaYaJILHOTO cycia 23 % o0beMHast A0JIs CIIUpTa CO-
craniser 6oinee 9,0%. OOpa3yroLuiics CIUPT YTHETAET KaK CKOPOCTh
Pa3MHOXKEHUS APOFOKEH, TaK U MIPOIECC OPOKEHUSI.
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Cmpecc, ébi136aHHbLIl 08YOKUCHIO y2nepood. [Ipu KOHIICHTpaIu-
X, 9KBUBAJIEHTHBIX JIaBJI€HUIO Ta3a Boimie 0,2 aTM, TaHHOE COoelnHe-
HUE CTUMYIHpPYET pocT KieTok. [Ipu naBinenun oxono 0,5 atm muxi
TPUKapOOHOBBIX KHCJIOT HMHTHOMPYETCS, HO CIHPTOBOE OpOKEHUE
MIpOIoJKaeTCs BIUIOTH A0 AaBneHus B 4,0 atMm. Jlenenue kieTok npe-
KpalaeTcsi Ipu AaBieHuu okojo 2,5-3,0 atm. [Ipu aToM KieTku mpo-
xomAt yepes S-dasy (dasy cunresa JIHK), HO He mouKkyroTCS, U 1M03-
TOMY OHHU XapaKTepu3yroTcs aABoiHbIM cocTaBoM JIHK u Gonbuumu,
yeM 0OBIYHO, pazMepamMu. McciaemoBareny 10 CUX TOp HE MPHUILTHA K
€IMHOMY MHEHUIO 0 OMOXMMHUYECKOM MEXaHU3Me JICHCTBHS ABYOKHCH
yriepoaa.

Okucnumensnotit cmpecc. OTHOCUTENHHO CIOCOOHOCTH JIPOXK-
YK€l MPOTHUBOCTOSTH OKUCIUTEIEHOMY CTpPECCY MPOBEIEHO OOIbIIoe
KOJIMYECTBO MUCCIEAOBAHUN. Y KJIETOK UMEIOTCS 3alUTHbIE MEXAHU3-
MBI: HallpuMep, Ha CyOCTpaTHOM YPOBHE — IIIyTaTHOH, MOJMAMMHBI,
MOHBI METAJUIOB | JIp., @ Ha (JEPMEHTHOM YPOBHE — ATO Karayasa, Cy-
MEPOKCUATU3MYTAa3a, TIIYyTaTHOHIEPOKCHIa3a, THOPENIOK-CHHIIEPOK-
cujiaza, a TaKxke peaykrasza, MeTnoHuHpeaykrasza u JJHK-Boccranas-
nuBatonire GpepMeHThl. B OpoxkeHnu xnebornekapHbIx nonydadpuka-
TOB 3HaYEHHE KHUCIOPOIHOTO CTpecca HE TaK BEIUKO, IOATOMY B XOe
peaxiuii, MpOTEKaIOUNX B MUTOXOHAPHUSX, B KJIETKH ITOCTYIIaeT OYeHb
HEOOJIBIII0E KOJTMYECTBO aKTUBHOTO KMCIIOPO/Ia, CIIOCOOHOTO OTpHIa-
TEJIHHO TOBJIHTH Ha )KU3HEIESITETbHOCTD APOXKIKEH.

Kak cyOctpar Kuciaopol odueHb BayKeH JJIsl OMOCHHTE3a HEHACHI-
IICHHBIX UPHBIX KUCIOT M 3PrOCTepHHA, HEOOXOAUMBIX Ul pocTa
KJICTOK.

Temnepamypnutit cmpecc. Temneparypa OKa3bIBa€T 3HAYUTENb-
HOE€ BIMSHHE HA YHEPTeTUYECKHI U KOHCTPYKTHUBHBIH OOMEH KIIETOK
U, CJIEZIOBaTeNbHO, BO3JICHCTBYET Ha YCIBbHYIO CKOPOCTh POCTA APOXK-
JKeW U BpeMs TeHepaluu.

B ompeneneHHbIX TPON3BOJICTBEHHBIX YCIOBUSX KJIETKH MOTYT
UCTIBITBIBATH TEMIIEPaTypHBIA cTpecc (1I0K). DTOT 3PdeKT mposs-
JISETCsl, €CNI JIPOXIKH Ha KOPOTKHM TepHoj] BPEMEHU MOJIBEPTHYThH
BO3/ICHCTBUIO JOCTATOYHO BBICOKOH, HO HE THOETILHON TeMIIeparyphl.
YCToMYMBOCTh JPOAKKEH K HETaTUBHBIM BHEUIHUM BO3JEHCTBUSM
CBSI3aHA C TPETano30i, cosepkaHue KOTOPOi B KJIETKE OIpeaeNsIeTcs
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IITAMMOBBIMA OCOOCHHOCTSIMU JIPOXIKESH M YCIOBUSIMHU KYJIETHBHPO-
BaHMUSL.

YCTaHOBIIGHO, UTO KIJICTKHU, MEPEIKUBIINE BO3JCHCTBHE BBICOKUX
TEMIIEpaTyp, MPUOOPETAIOT HE TOJBKO TEPMOYCTOMYMBOCTH, HO H
CITUPTO- U OCMOYCTOMYUBOCTb.

Ha xu3HenesTenbHOCTH IPOXIKEBBIX KICTOK OTPHIIATEIILHO CKa-
3BIBAIOTCS pPe3KUe KosieOaHus BeqndyuHbl pH, rumpocraTuueckuii
CTpecc, a TAK)Ke MEXaHUYECKHI CTPECC B Pe3ynbTare AeHcTBUS 00b-
IIMX KacaTelIbHBIX HANPSKCHHUN (HACOCHI, MEIIAIKH, PETyIUPOBOY-
HBIC BEHTHJIN).

Benuyuna pH BivseT Ha CUCTEMY TPaHCIIOPTA IMUTATEIBHBIX
BEIIECTB, Ha CTENCHb JUCCOLUAIUN KOMIIOHEHTOB CPE[Ibl, AUCIICPC-
HOCTbh, NMPOCTPAHCTBEHHYI) OPTraHU3alMI0 U aKTUBHOCTHh (PEPMEHT-
HEIX OEJIKOB.

OnTuMansHOM BenuuHOW pH 11 pa3sMHOXKEHUS KIIETOK MUBHBIX
TIpOXoKel siBnsieTcst 4,8, Tak Kak mpu 3ToM 3HaueHuu pH ¢epmeHT
TPaAHCIIOPTa MaJIbTO3bI B KJIIETKY — MAJIBTO30IIepMea3bl — UMEET MaK-
CUMAaJIbHYI0 aKTUBHOCTb. [lpu Oonee HM3KkMX 3HaueHusx pH yckopsi-
eTCsl MOTPeOICHHEe aMUHHOTO a30Ta.

B menom, 1poxiku )KUBYT U Pa3MHOXKAIOTCS B IIIMPOKOM JHaIa3o-
He pH ot 2 10 6. OgHako pe3kue KoieOaHus 3TOTO MapaMerpa TaKxKe
MOTYT CKa3aThCsl HA aKTUBHOCTU (DEPMEHTOB, HAPYIICHUU OHOCHUHTE-
TUYECKON aKTUBHOCTH JPOXOKEH U YBEITHUCHUH KOJTMUSCTBA MEPTBBIX
KIJIETOK.

Mexanuueckuii cmpecc BO3ZHUKAET B pe3ynbTare IeHcTBUS 00Ib-
IIMX KaCaTeNIbHBIX HATIPSHKCHH BO BpEMsI IEPEMEIITMBAHUS IPOXIKEH,
MEPEKAYMBAHUS UX U3 OJTHOM €MKOCTH B JIPYTYFO C TOMOIIBIO HACOCOB.
DTH MEXaHUYeCKHE OMNEepPalid MOTYT «O0IUPAaTh» IMOBEPXHOCTHBIN
CJIOH KJICTOYHOUM OOOJIOYKH APOXKOKEH, YTO MPUBOIUT K M3MEHEHUIO
MOBEPXHOCTHOI'O TIOTCHIIMAJIA KIIETOYHON CTEHKHU.

1.1.2 XMMUYECKNI COCTAB APOXKEN

Haubosee cyniecTBEHHBIMU KOMIIOHEHTAMH JIPOXIKEBOUM KJIETKU
SIBIISTFOTCST BOZA, a30TCOJECP KAIUE COCAMHEHHUS, YIIEBOAbBI, KUPBI U
MUHEpaIbHbIC BEIIECTRA.
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B kietkax Boma o0paszyeT AMCHEPCHYIO CHCTEMY CIIOXKHBIX pac-
TBOPOB HEOPraHMYECKHUX M OPraHUYECKUX BEIECTB, KOHIICHTPALHS
KOTOPBIX MOXKET JOCTHUraTh oT 15 10 25%.

MaccoBast 7051 BOABI B IPOXOKEBOW KJIETKE COCTABISET OT 65
10 80%. Pa3nnuaioT BHEKJIETOYHYIO M BHYTPUKIETOUHYIO (PpPaKIHIO
BOJIbI. BHYTpHKIIEeTOUHAsS BOAA, B CBOIO OUepe/ib, MOXKET HAXOAUTHCS B
CBOOOIHOM M CBSI3aHHOM COCTOSIHUH.

CBoOoHast BOAA CIYXKHT CPENlOi, B KOTOPOH MPOTEKAIOT OMOXU-
MHUUYECKHE PEaKIMU. JTa BoJda MPUHUMAET HEMOCPEACTBEHHOE yua-
CTHE B ITpOLeccax AbIXaHMsI U THAPOJIN3a (HapuMep, THAPOIN3 caxa-
PO3bI ¢ 00pazoBaHueM (HPYKTO3bI U TTIIOKO3bI).

Casi3aHHast BOIa BXOIUT B KJIETOUYHBIE CTPYKTYphl (OMomeMOpa-
HBI) U KJIETOYHbIEe KOMIOHEeHThI, Hanpumep, JJHK. Ona tpyaHo yna-
JSIeTCS PH CYIIKE WM 3aMOPaXMBaHUK IpOoKel. B mpeccoBaHHBIX
IpoxoKax copepkutcs 10 20% cBsi3aHHON BOABI, OOJIBIIE BCETO BOBI
ces3piBatoT Oenku (0,2-0,6 1/ 6enxa), pochomunuast (0,3 r/r pocdo-
JMIMUAOB), HYKJIEHHOBBIE KUCIOTHI U yrineBoas! (0,3 r/r).

CooTHollleHHEe MEXTy CBOOOJHON M CBS3aHHOW BONOW Ompese-
JSIETCSL TEXHOJIOTHYECKUMH PEKUMaMH KYJIbTUBHPOBAHUS IPOOKEH,
a Tak)Ke TeXHUKOH cemapupoBaHMs M IPECCOBAHMS TOTOBOW MPOIYK-
HH.

AzoTcoaepikaliue KOMIOHEHTBI APOXIKEBOH KIETKH MTpecTaBIe-
HBI OeJIKaMH, CBOOOAHBIMU AMHHOKHCIIOTAMH U HYKJIEHHOBBIMHU KHC-
JIOTaMHU.

Benxu, BXoasmme B cOCTaB APOXKKEH, ACTSATCSA HA YEThIpe Ppak-
1112058

— anbOyMHHBI, PACTBOPHUMBIE B BOJIE;

[I00YJIMHBI COJIEPACTBOPHUMBIE;
¢pakuus Oenka, pacTBOpUMasi B 3TaHOJIE;

— (paxums Oenka, pacTBOpUMast B ILEIOYH.

Haunbonee n3BecTHIMU OelKaMH APOXIKEH SIBISIOTCS 3UMOKa3e-
uH (docdornoOynuH) 1 HEePEeBU3UH.

Cy1iecTBYIOT Ba MOHSTHS IIPH OLIEHKE KOJIMYECTBA Oelka B KIIET-
K€ — HICTUHHBIN OEJOK M CBIPOH MPOTEHH.

WcTunHBIH OENOK OMPEAETSIIOT CIEKTPOPOTOMETPHYECKH IO Me-
toay Jloypu. «CeIpoii» MPOTEHH PAaCCUUTHIBAIOT MyTEM YMHOKEHHS
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Ha Kod(pduuueHt 6,25 mokazarens oOILIero a3ora B KJIETKaX, Ompe-
JeNIEMOTr0 METOZIOM CxKuTaHusi mpoObl mo Keenpaamo. IToT moka-
3aTenb Bceraa OyneT BhILIe, YeM COAEp)KaHHe NCTUHHOTO OenKa, Tak
Kak OOIIMH a30T B KJIETKE MPEACTABICH a30TOM OelKa, aMHHOKHCIIOT,
HYKJICMHOBBIX KHCJIOT, aMMUAYHBIM a30TOM.

Conepxanue Oenka B KJIETKaxX 3aBHCUT OT MHOTHX (hakTOpOB H
MpEKE BCETO OT KOHIEHTPAIMK a30Ta B cpelie KyIbTUBUPOBAHUS U
BEJIMYHMHBI 3aCEBa.

OpaKIMOHHBIN COCTAaB APOMIKEBOTO OellKa TAKKe OMpENeIseTCs
HCTOYHUKOM yTiieposa. Y AposKel, BBIPAIIEHHBIX Ha ATaHOJIE, B OT-
JMYUE OT JAPOXOKEH, BBIPAILICHHBIX HA Meacce, o0luee coaepKaHue
O€JKOB BBIILE, ITIABHBIM 00pa30M, 3a CUET YBEJIHUYEHHs COJIEepPacTBO-
puMoii ppakuuu.

Hyxneunosvie kuciomul. JIpoxxxku OoraTsl HyKJIEHHOBBIMHU KHCIIO-
tamu (HK): nezokcupubonyknennosas (JJHK) n pubonyknenHoBble
kucnotel (PHK). Coornomenne PHK/JIHK B kierkax cocrasisiet
00BIYHO 0K0JI0 25. B (haze HHTEHCHBHOTO POCTA APOMOKEH KOTMIECTBO
PHK B knetkax mocturaet 30%, koMMepUYeCcKHUe NEKAPCKUE TPOAOKH
conepxar 26 % OT coepikaHus OeKa B KIETKaX.

[Mpumepro 10% oT oOmiero a3ora KIETOK COCTABISET a30T MypH-
HOBBIX (aeHUH U TyaHuH) U 4% — a30T MUPUMHUIAHOBBIX OCHOBAHHM
(UMTO3MH U TUMHH), BXOAAIIMX B HYKJIEWHOBBIE KUCTOTHL. Conepkanue
JIHK B ki1eTkax, 3a HCKIIIOUEHUEM NTepHO/ia AENEHHs, TOCTaTO4HO ITOCTO-
SHHO, a konmnuecTBo PHK m3MensieTcs B 3aBUCUMOCTH OT (pa3bl pocTa.

Konnenrpauus 6enxoB 1 HK B apoxokax 3aBUCHT OT TemIiepa-
Typsl pocTa. Ilpu CHMKEHUM TeMIeparypbl KyJIbTHBUPOBAHUS HIKE
ontumanbHol (30 °C) HabmonaeTcs: yBenTuueHHE coepKaHus Oenka
u PHK.

Ha mpumepe xyebonekapHbIX OpOXOKeH MOKa3aHo, YTO BO BpeMs
XpaHEeHUs] KOJIMYECTBO HYKJIEHHOBBIX KHCIOT B JIPOXOKax CHadasa
BO3pAcTaeT, a 3aT€M YMEHBIIIAeTCsl, YTO COBMAJIAET C HAYajJIoOM aBTO-
JU3a KJIETOK.

[lpu meruaparanuu JPOXOKEH TakkKe MPOUCXOAMUT YMEHBIICHHUE
conepxanust HK, Ho npu 3TOM yBennuuBaeTcss KOMMYECTBO HYKIIEO-
tu0B. Tak, npu geruaparanun MOXeT pa3pymuThest 10 40 % kietou-
Heix PHK, npudem stor mpouecc uaer 0oiee HHTEHCUBHO Y JAPOXK-
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JKeil, BBIPAIIEHHBIX Ha COJIOIOBOM CYyClI€, UeM Y APOXKKEN, KYIbTHBH-
pYEMBIX Ha MeJacce.

Cs0600nble amunoxuciomol. JIpokKeBble KICTKH HMEIOT JBa
BHYTPHKIETOUHBIX (oHAa (myna) cBOOOIHBIX aMHHOKHCIOT (AK).
®DoH, cIOCOOHBIN K YBETUYEHHIO, B KOTOPOM MPOMCXOAMUT HAKOILIE-
Hue AK. DTn aMHMHOKHCIOTBI MOTYT BBIXOANUTBH U3 KJIETOK B pe3yib-
Tare OCMOTHYECKOTO LI0KA, YTO JOBOJBHO 4acTO HaOMIOmaeTcs MpH
BHECEHUH KIJIETOK B CBE)KYIO MTUTATEIbHYIO CPEAy, COAEpIKAILYIO BbI-
COKYIO KOHLIEHTPALMIO MUTAaTEIbHBIX BELIECTB. JTO SIBIEHHUE 4Yallle
BCEro HaOMIOmaeTCsl MpH KYJIBTHBUPOBAHUHU IPOACKEH MO crocoly
«TIpocTast MepuoAnYecKas KyJIbTypay.

Tak Ha3pIBaeMBbIl «BHYTPEHHHUI» pe3epBHBINA (HOHT siBIseTCs 00-
nee noctosHHBIM. AK 3TOro (oHIa HEMOCPEACTBEHHO YYaCTBYIOT B
OonocunTese 0enkoB. B mepron HHTEHCUBHOTO Pa3MHOKEHUS Ha AOJTIO
stux AK mpuxogurcs 6onee 10% ot o01iero a3ora KIeToK.

Bo BHyTpukieTouHoM (oHIe mpeodaasaloT IIyTaMHHOBAs KHC-
JI0Ta, aJJaHUH, JIU3UH U acllaparMHOBasi KUCIIOTA.

Ha conepxanue cBOOOIHBIX aMUHOKHCIIOT B APOXKIKAX BIUSIOT:
KOJIMYECTBO YTHJIM3UPYEMOTO a30Ta B CPEE;

HCTOYHHK YIJIEBOJIA M €70 KOHIIEHTPAIHs;

— KOHLEHTpauusi OMOTHUHA B Cpele;

TeMIepaTypa npolecca;

peXXHUM MoJa4y MUTATEIbHBIX KOMIIOHEHTOB U T. 1.

OObIYHO coaep)kaHUEe CBOOOTHBIX AMHUHOKHUCIOT B TEKAPCKHUX
KOMMEPUECKUX APOXKIKax Konebnercs B mpeaenax oT 6 10 9%.

VYrneBons! coctaBisitoT oT 30 1o 50% OT Macchl CyxXuX BEIECTB
npoxokeil. OHM IpecTaBIeHbl TPEraao30i, NIMKOIT€HOM, TIIIOKaHOM,
MaHHAHOM U XMUTHHOM.

Tpezanosa — 3anacHOM yIIIeBO, KOTOPBII HAXOIUTCS B LIUTOMJIA3-
Me apoxokei. Tperanosa cocToUT U3 ABYX D-IMHMKO3UAHBIX OCTAaTKOB,
CBSI3aHHBIX MEX1y co0oi —1,]1 MIMKO3UIHON CBA3BIO.

Iiukozen HaxXOMUTCS B IIUTOIUIa3ME B JMCIIEPCHOM COCTOSHUH B
BUJIE TPpaHyJ. [TTMKOTreH — BEICOKOMOJIEKYISIPHBIN MTOJIMCcaxapu/l, B KO-
TOpoM D-rnmuko3uaHbie 0CTaTKU CBs3aHbl —1,4- u —1,6 CBI3AMU.

Paznuuaror 1Be hpakuuy MIMKOreHa — MIeIoYe- ¥ KUCIOTOPaCTBO-
pumble. [lenouepacTBoprmMast ppakuusi TIIMKOreHa BXOAUT B COCTaB
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MIPOTEUHOBOTO KOMILJIEKCA, OTBETCTBEHHOIO 32 THAPOIU3 Caxapo3bl U
MEPEHOC TIIIOKO3bI B (PPYKTO3bI B IIUTOILIA3MY. KrcinoropacTBopumMast
(paKIys LTUKOTeHA — 3TO 3aIaCHOM YIIIeBOJI KICTKH.

Mannan — moauMep MaHHO3bI, BXOAUT B COCTAB KJICTOYHOU CTEH-
KH JPOXOKEH, I1Ie OH CBSI3aH KOBAJICHTHOH CBsI3bIO ¢ Oenkamu. MaH-
HaH, CBsI3aHHBIN C OEIKOM (MaHHAHOIPOTECHH), OOHAPYKEH TAKKE B
[UTOIUIa3MaTUYECKO MEMOpaHe.

[Tmroxan cogepKuUTCs B KJICTOYHOU CTEHKE Apoxxkeil. OH cOCTOUT
13 D-TIIMKO3UTHBIX OCTATKOB, CBSI3aHHBIX MEXJYy COOOH CBSI3SIMU.

Xumun BXOIUT B COCTaB KJIETOYHBIX PyOIIOB. MoJieKkyna XUTHHA
COCTOMT M3 OcTaTKoB N-anerminioko3amuaa. OH 001aaeT BEICOKON
YCTOMYUBOCTBIO U PACTBOPUM TOJBKO B MUHEPATIbHBIX KUCIOTAX.

JpoxokeBble KIIETKH COACPIKAT CBSI3aHHBIC U CBOOOHBIC JIUTIHJIBI.
CBsi3aHHBIE JIMITHIBI BXOAST B COCTAB KJIETOUHBIX CTPYKTYP, CBOOO/-
HBIC OTKJIAJBIBAIOTCS B KJICTKE B BUC KUPOBBIX BKIIOUCHUI.

KonmuuecTBo munuioB B Apoxokax OOBIYHO HE TpeBbIaeT 12 %,
B TOM YHCJIC MacCOBasl JIOJIsi CBOOOHBIX JKUPHBIX KUCIOT COCTABIISICT
1-2% ot cyxux BeecTs KieTku. CBOOOIHBIC KUPHBIC KUCIOTHI SIBJISI-
I0TCSI 3alIaCHBIMU BellleCTBaMU. B KieTkax aIposxokel UMEIOTCS TaKxKe
JIPyTHe KOMIIOHEHTBI, OTHOCAIIMECS K JUNuIam: Harpumep, pocdo-
JUNUABL, CKBaJeH U Ap. VX conepikaHue HEBEIUKO, HO TeM HE MEHEE
OHU BaXKHBI JJIS KUZHEJCATEIBHOCTU JPOXOKEH.

YcnnoBus KyJabTUBUPOBAHUS, COCTaB MUTATEIBHONU CPEIbl U BUIO-
BbIe 0COOEHHOCTHU JIPOMOKEH BO MHOTOM OIPEENSIOT WX JIUIHTHBINA
COCTaB B KaYECTBEHHOM U KOJWYECTBEHHOM OTHOIICHHH. Tak, CHU-
skeHue temmepatypsl ¢ 30 1o 15 °C npuBOAUT K yBEIMUYEHUIO KOIHU-
YecTBa JUMUAOB B Apoxkkax a0 14,5%, mpu 3ToM Bo3pacTaeT IoJs
HeNpeeNIbHBIX )KUPHBIX KHCIOT U (pochonnmumos.

OcHOBHasl 4acTb APOXKEBBIX JHIHUIOB MpPEACTaBICHA TPHUINIH-
uepugamu (20-50%) u pochomunuaamu (15-60% ot comepikanus
JIUTHUJIOB B KJIETKE). B MEHbIIIEM KOJIMUYECTBE B JIPOXIKAX MPEICTaB-
JieHbl cBOOOHBIE KUPHBIE KUCTIOTHI (1-20%), MOHO- M AUTIHLIEPUBI
(1-15%).

Jlunonesas, TUHOIEHOBAS, IAypUHOBAsI, CTEPUHOBAS U LIETBIHA Psij
JIPYTUX KHUCJIOT COCTABIISIOT CJIEJBI OT OOIIEro KOJMYECTBA YKUPOB
JIPOXKIKEBOU KJIeTKU. HeoMbuisieMas 4acTh 0OIIUX JIMITHJIOB MTPEICTaB-
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JIeHa CTepUHAMU; YCTaHOBJICHO, YTO U3 OOILET0 KOJMYECTBA CTEPUHOB
(80%) cocTaBmnsieT 3procTepuH.

MaccoBasi 1071 MHUHEPAJTbHBIX BEIICCTB (30J1bI) B JAPOXIKAx S.
cerevisiae xonebnercst ot 2 10 10% CB knerku. B ocHOBHOM oHHM
npencraBieHsl hochopoM, Kanmmem, MarHHeM, KaJbIlHeM W CEepOil.
OTH MUHEpaJbHbIE KOMITOHEHTHI OTHOCSTCS K MakpoaemMeHTaM. Kpo-
M€ 3THX 3JIEMEHTOB KJIETKH COAEPIKaT OOJIBIIOE KOJIMYECTBO MUKPO-
AIIEMEHTOB, CPEIN KOTOPHIX CJelyeT OOpaTHTh BHUMAaHWE Ha IWHK,
Mapraseli, )KeJe30, Me/ib, KOOaJIbT.

Bumamunvl —3T0 OMOJIIOTUYECKU aKTUBHBIE COSIMHEHUS, KOTOPBIE
WTPAIOT BAXXKHYIO POJh B MeTabomm3Me npoxokeil. OCHOBHAS WX pOIb
3aKJIF0YaeTCsl B TOM, UYTO OHU SIBIISIIOTCS KO(QAKTOPaMH MIIH MTPOCTETH-
YECKUMHU TPyIamMu pepMEeHTOB.

Jpoxoxu comeprkaT BOJOPACTBOPUMBIE BUTAMHUHBI TPYIIIBI B, ap-
rocTepoJl, KOTOPbIA 10/ BausiHuEM YO aydyeil npeBpalaercs B BUTa-
muH D2 (;xupopactBopumblii). CopepikaHre 3procTeposa B IPOoskKax
npesbiaet 2% ot CB Guomaccsr.

KonudecTBo BUTaMHUHOB B IpOIKaX 3aBUCUT OT UX T€HETHUYECKUX
OCOOCHHOCTEH, OT cOCTaBa MHTATEILHOW Cpelbl M TUIA DHEPTeTH-
YECKOro oOMeHa. A3pOOHBIC IPOXIKH COJepKaT OOJIbIIE BUTAMUHA
B5 (Buramun PP) u B3 (manroreHoBas kuciora), aHadpoOHbIe — Bl
(TMaMuH) ¥ 3procTepoil. B nmuTepaTypHBIX HUCTOYHHKAX MPHBOMIATCS
pa3HOpEUMBbIE CBEACHUS OTHOCHTEIBHO COJEpKaHWS BUTAaMHUHOB B
JIpoXKKax. DT0, BEPOSTHO, CBA3AHO C PA3IMYHBIMU YCIOBUSAMH KyJlb-
TUBUPOBAHUS KJIETOK, B KOTOPBIX OIPEENSIFOT BUTAMUHBI.

1.1.3 MeTab0An3M APOXIKEN

MertabonusMm o0benuHsieT Bce hepMEHTATUBHbBIC PEAKLIUHU, KOTO-
pBIE IPOTEKAOT B KIIETKE, a TAK)KE OPTaHM3AINIO U PETYJIALHIIO STHX
peakuii. C OMOXUMHUYECKOH TOYKH 3pEHHsI OOBIYHO paccMaTpHBaloT-
Csl OTIETbHBIE MEeTabOIMYeCKUe ITyTH, OJHAKO B ACHCTBUTEIBHOCTH
OHHM HE CYIIECTBYIOT M30JIMPOBAHHO, a SBJIAIOTCS YacThIO E€IMHOTO
nporecca.
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Kaxxiprit OMOXUMUYECKUI TYTh COCTOUT U3 psifa XUMHUYECKUX
peakiuii, kKaranu3upyembix GepmeHTamMu. PepMEHT MOBBIMIAET CKO-
POCTH XUMHYECKON pCakuun U 1act el BO3MOXKHOCTD IMPOTEKATh IIpU
¢u3nonornueckoM ypoBHe TeMmeparypsl 1 pH. DkcTpemalibHbIe TEM-
neparypa w/win pH HHaKTHBHPYIOT MOJIEKYTy (epMeHTa, BHI3bIBAs
JIeHaTypaIuio Oenka.

Bruoxumudeckue myTH 0ObSIUHSIOT KaTa0oIMueCcKue, aHaboInde-
ckue, am(prOoTMIeCKIe U aHaIIepoTHIecKre myTH. Karabonnyaeckue
MYTH OCYIIECTBISIIOT pactaj] 0oJiee CIOKHBIX COCMHEHUH Ha MEHee
CJIOKHBIE, IIPH 3TOM OCBOOOXKIAaeTcsl SHEprust B BuIe Mosiekya ATO.
Anabonmmyeckne (OMOCHHTETHICCKHE) MTYTH TOTPEOIIIOT SHEPTHIO U
CHUHTE3UPYIOT (0OBIYHO B MPOIIecCce BOCCTAHOBIIEHHUS ) TPOCTHIE MOJIe-
KYJIbI, KOTOPBIE B JTalIbHEHIIIEM Y4acTBYIOT B CHHTE3€ MaKpPOBEIIIECTB.
AMdubdonmmueckue ImyTH UMEIOT KaK KaTa0oJInIeCKre, TaK U aHA0OH-
YECKUC q)YHKHI/II/II OHU ABJIAIOTCS LCHTPAJIbHBIMU MeTa6OHI/I‘ICCKI/IMH
MyTSAMH, TOCTABISIONIMMH OT IOCIEAOBATENFHBIX KaTabOINYeCKUX
peaxiuii mpoMeXyTOYHBIE POIYKTHI, KOTOPBIE SBISIOTCS cyOcTpara-
MU aHaOoaMYecKux peaknuii. Korma Bo Bpems neiicTBrsl kKaTabosnde-
CKOTO psafa aM(prOOIMIECKOTO MyTH IPOMEXYTOYHBIE TIPOAYKTHI yia-
JISTFOTCSI 1711 OMOCHHTETUYSCKUX TeJIeH, KaTaboM3M MpeKpariaeTcs,
MOKa CHOBA HE TIOTPEOYIOTCS MTPOAYKTHI JIJIs ICHCTBHS aHAIIIIEpOTHYEC-
CKHX peakiuii. DyHKINS aHAIEPOTHYECKNAX PEAKITHIA 3aKITI0UaeTCs B
BO3BMCIICHUHU TEX IMPOMCKYTOUYHBIX IMPOAYKTOB, KOTOPBLIC CBA3LIBAIOT
KaTaboJIM3M U aHa0OJIM3M, TAKUM 00pa30M O0ECIeUrBast MPOIOIIKE-
HUE eHCTBUS aM(pHOOTMYECKHX Ty TeH.

OHeprus, oOpasyeMasi B MPOIECCe OKUCICHUS YITIEBOJIOB H TI0-
TpeOnsiemass B OMOCHHTETHUECKUX pEakIMsix, 3amacaercsi B (opme
aneHo3uH-Tpudocdara (ATD). [Ipu runponuze ATD mo ageHO3WH-
mudocdara (AJID) u Heopranudeckoro (Gochopa 0CBOOOKIACTCS
IpU CTaHIAPTHBIX ycloBusX okoio 30,5 k/Dx/Monb. DTa BenMuuHA
sBisteTcst pyHKIer pH, Temmeparypbl 1 koHteHTpanuiit ATO, AMO
u pochopa. OKHCIUTETHHBIE KAaTa0OJMUYECCKUE PEAKIMH BKIIFOYAIOT
MEPEHOC AIIEKTPOHOB OT MPOMEXKYTOUHBIX MPOAYKTOB. DTOT MPOIIECC
KOHTPOJHMPYETCS IETHApOreHa3aMi M 9acTO BKIIOYAET y4acTHE KO-
¢axropa — HUKOTHHaMuAaAeHnHANHYKIeoTHaa (HAJI+). DiaexTpoHsl
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nepenocstest kK HAJl+ B popme Bomopoanoro nona [H+] ¢ obpasosa-
aunem HAJTH2:

HAJl+ + [2 H+] - HAJIH + H+ (v HAJIH2)

BuocunTeTHYECKHE pEAKIUU NPOXOAST NPU YYaCTHH SHEPTUHU
ATO.

Perynsiumss mMetabonmu3ma OCYLIECTBISIETCS, MPEXAE BCEro, 3a
CUET TOTO, YTO OMOXUMHYECKHE PEaKIMU MPOXOIAT B Pa3IMYHbIX Op-
raHesax, KOTopble JJOKaJIU30BaHbl B ONPECICHHBIX MECTaX KIETKH.
Kpome Toro, KOHTpOJIb OHOXUMHUYECKUX ITyTEH OCYILECTBISIETCA C I0-
MOIIBIO JPYTUX MEXaHU3MOB, TAKHX KaK:

— Pperyssius KOJIMYeCcTBa CHHTE3UPyeMOro pepMeHTa;

— perynsuus aerpajgannu GepMeHTa;

— HM3MEHEHHE CKOPOCTH (DEPMEHTATHBHOM AaKTHBHOCTH C ITOMO-
HIBIO AIJIOCTEPUYECKOTO TOPMOKEHHUS MITH aKTUBAIINH;

— HCHONb30BaHue (PepMEHTOB MPH NPOBEACHUU OTHHUX U TEX XKe
peakuuii Ans pasHeIX 1eneid. Hampumep, ankoronpaerupporeHasa
(AJH) cymectByet B Buze aByx ¢opm: AJ/IH1 ncnons3yercs, koraa
KJIETKH pacTyT Ha 3TaHOJE, [IpeBpaliasi CIUPT B aleTajbIeTu, B TO
BpeMst kKak AJIH2 ucnonb3yercst KJIeTKaMy Py pocTe Ha IIIOKO3€ U
npeBpaliaeT aueTaabAeru/l B STaHOIL.

Hanee OynyT 06CyIeHBI TOJIBKO OCHOBHBIC acIIeKThl META00IN3-
Ma JpOXOKeH, MMEIOIINX 3HAYeHUE B TEXHOJIOTHH JPOACKEH.

Jpoxoku caxapoMHLETBl OTHOCSTCS K (paKyJIbTaTUBHBIM aHa3po-
0aM, Mo3TOMY KaTaOOoJIM3M IIIOKO3bI B KJIETKE MOXKET ITPOXOIUTH KaK B
a’pOOHBIX, TaK M B aHA3POOHBIX YCIOBHUSX, €r0 OCHOBHAs (pyHKUIUS —
3T0 cuHTe3 ATD.

B 06oux cnyyasx mioko3a yepe3 psii pepMEeHTaTUBHBIX PeaKIni
pacuierisiercsi ¢ 00pa3oBaHUEM IBYX MOJIEKY]T MHUPOBHHOTPAIHOM
KHCJIOTHI (TUpyBara). DTOT MPOLECC HOCUT Ha3BaHUE IIIUKOIU3a, WIN
«1yTb OM0aeHa — Meiieproda — [Tapnaca (OMID)».

A3pobHoe oKucnenue 2110Ko3bl

B aspobubix ycnoBusx miroko3a okucisiercs 1o CO2 u H20.
CyMMapHOe ypaBHEHHE:

C6H1206 + 602 — 6CO2+ 6H20 + 2880 x/[x/Mounb.
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DTOT mpolecc BKIOYaeT HECKOJIBKO CTAANNI:

— adpoOHBIH mHKoIu3. B HEM nmponcxoauT okucieHue | Momneky-
JIBI TITFOKO3BI 710 2 MOJIeKyn nupoBruHorpaanoi kuciotsl (I1BK), ¢ 06-
pasoBanueM 2 Monekya AT® (cnayana 2 AT® 3arpaunBarorcs, 3aTemM
4 obpazytores) u 2 moiekyn HAJIH2;

— npespauenue 2 [IBK B 2 anetun-KoA c Beiaenenuem 2 CO2 u
oOpa3zoBanuem 2 HAJ[H2;

— LUKJI TPUKapOOHOBBIX KUCIOT. B HEM MPOUCXOIUT OKUCIIEHHUE 2
MoJekyn anetui-KoA ¢ Beiaenennem 4 monekyn CO2, oOpazoBaHreM
2 I'TO (maror 2 ATD), 6 HAJIH2 u 2 ®AJIH2.

Kpome Toro, nocie nmpeaBapuTenbHOTO THAPOIM3a 10 MOHOCaXa-
POB IPOXKKH YTHIM3UPYIOT CaXapo3y, MaJlbTo3y, MaJIbTOTPHO3Y, a TaK-
JKe BHYTPEHHHUE YIIICBOAHBIC PE3EPBBI TPETano3y U [TIMKOTEH.

I'muxonu3 (puc. 9) HaunHaetcs ¢ GpochopunupoBaHus TIIOKO3BI U
oOpa3oBaHus 3a cueT Makpodpruueckoit cesizu AT rmoko30-6-hoc-
¢ara (I'n-6-D).

HcrounnkoM D-IimroKo3bl TakKe CIYKUT IJIMKOTEH, KOTOPBIN SIB-
nsiercst cyOcTparoM ais pepMeHTa, OTIIEIUISIOIIEro IHKO3HHbIE
OCTaTKH C KOHIIOB MOJIMCaXapUAHBIX Liernel mmkoreHa. Cienyromnias
peaxius Ha 5TOM IMyTH — nu3oMepuzanus [11-6-O Bo Gppykro30-6-doc-
¢dar (D-6-D), ocymectrisieMas Troko3odocdar mzomepasoit (EC
5.3.1.9). Dra peakius oopaTuma.

Op-6-d Takxke oOpazyeTcs U3 (HPYKTO3bI, MOCTYNAIOMICH HEMo-
CPEACTBEHHO U3 MUTATENbHOW Cpebl, a TAKXKe MPH THAPOJIHM3E caxa-
PO3BI.

Tpetuii GepMeHT MITUKOIUTHYECKOTO MyTH, 6-hochodpykToku-
Haza, ocymecTBisier oopazoBanue dp-1,6-audocdara (P-1,6-D) usz
Op-6-O u ATO.

[Tpu 5TOM Ha KaXIyI0 MOJEKYJIY IVIIOKO3bl, BOLICAIIYIO B LIEMb,
notpebmnsiercs ase Monekynsl AT®. 3arem ¢ppykro30-aupocdar-anb-
nojia3a — (epMEHT, colep KaIIMii IMHK, KaTalu3upyeT oOpaTuMoe
pacuienjeHue MMEeCTUYIIEPOAHON MOJEKYIbl Ha JIBE TPEXyIIepol-
Hble — geruapo-aneroHdochar u D-mmunepanbaerun-3-gpocdar.
Tonbko mocneaHsIst MOJIEKyJa MOABEPraeTcs AajJbHEHIINM ITpeBparle-
HusM 1o mytr DM, 1 paBHOBecue Mexay AByMst Tpuozodpocdaramu
MoJIep >KUBaeTCs TprUo-30(hocharuzomepason.
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Hanee D-muuepanbaerua-3-gocdar wuger Ha oOpasoBaHue
1,3-nudocormuuepara npu ydacTuu ¢epMeHTa IIULepabAerh-
docdar neruaporenassl. s aToii peakuuu TpedyeTcss HCTOYHUK He-
oprannueckoro gocdara. ITo nepsas peakuus B ITHUKOIUTHYECKON
LeNH, KOTopast BKII0YaeT oKucieHue cyocrpara. bonee toro, ato nep-
Bas peaklus, B KOTOPOi 00pasyercsi MaKpodpruyeckas CBsi3b U CBO-
OonHas PHEPrusi OKUCIUTEIBHOTO MPOLECcca 3amacaeTcs B 9TOH CBSI3H.
Ha cnenyromeil cTyneHn mpouCcXOAUT MEPEHOC SHEPTUU 3TOU CBA3U
Ha AJlD, Tak uto obpazyercs ATD u 3-dpocdo-D-rmuepar, peakuus
Karanusupyetcs ochormuueparkunazoil. Ha stom ydactke nenu u3
Ka)XJI0M BOIIEAIIEH B Hee MOJEeKyibl D-Tiitoko3el wim D-(hpykTo3s
oOpasytorcs e Mosiekyinbl AT® u nBe monekynst HAJ[H2.

C nomompto ochormmiepomyrassl 3-pocdo-D-runepar mpe-
Bpamaercsi B 2-docdo-D-muuepar. 3arem sHomaza (EC 4.2.1.11)
B KauecTBE MOCPETHHKA CHOCOOCTBYET yHaleHHIO BOabl U3 2-oc-
¢o-D-rmuuepara, 4ro NpUBOIUT K oOpa3zoBaHuio ¢ochornonmm-
poBuHorpaanoit kucnotsl (PEII). Boraras sneprueii cBsa3p B doc-
¢dosnonmupysare (1o = — 61,9 k/[)x/Mob) UCTIONB3yeTCs 3aTeM ISt
dochopmwupoBanuss AIlD, B pesynbrare yero obOpasyrorcs ATD
W MUPOBUHOTPaHAs KHUCIOTa. B 3TOH TOuke Ha KaXayl MOJIEKYIY
BKJIIOUCHHOM B METAa0O0JIN3M TIIIOKO3bI BO3HUKAIOT ABE MOJIEKYIbl ATD
u 2 monexynsl HAJIH2.

TakuMm 00pa3zoM, B pe3ynbTare MPOXOXKACHUS TIHKOIUTHYECKOTO
MyTH 00pasyeTcs 3amac SHEpruM B BUE IBYX Mojekyn ATO.

I'mroko3a 2 — IMupysar + 2 AT® + 2 HAJIH2

Cnupmoegoe Oposicenue

I'Mukonu3 sBnsieTCS MEPBBIM ATAIOM CHUPTOBOTO Opoxkenus. O0-
pa30BaBIIAsCS TUPOBUHOTPAHASI KUCIIOTA JIEKAPOOKCHIUPYETCS MTPH
y4acTUH JIeKapOOKCUIIa3bl B alleTalIbJIeTU ], KOTOPhIM 3aTeéM BOCCTa-
HABJIMBACTCS 10 ATAHOJA. DTa PEAKUUsl OCYIIECTBISICTCS aJIKOIOJb-
neruaporenasoit ¢ yuacruem HAJIH2. B xozne stoit peakunu HAJTH2
oxucisiercs 10 HAJ[+, KoTopbli laniee BHOBb yYaCTBYET B IITUKOJIH3E.
MMmenHO 3a cU4eT UCIIOIB30BaHM alleTAIbAEI 1A B KAUECTBE KOHEYHO-
TO aKIIeNTopa AIEKTPOHOB KIIETKa 00eCIeunBaeT JalpHeiee (yHK-
[IMOHUPOBAHUE TIIMKOIUTHYECKOTO ITyTH M BCIIEACTBUE ITOTO — J1ajlh-
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Heimee oopazoBanue ATD amst HCTIONB30BaHUS B OMOCHHTETHUECKUX
peakuusx.
DHepreTHUeCcKuil 1 XUMHYECKUH OanaHc OpOKeHHsL:

C6H12 06 +2 AJ1® +2®u —2C0O2 + 2 CH3CH2 OH +
2AT® + +2 H20 + 61 x/Ix

Takum oOpazom, Beixox AT® B mytun DMII cocrasisier 2 moe-
KyJIbl Ha MOJICKYJy TtOK03bl (puc. 8). DddekruBHOCTL OpoxKeHUs
coctasiseT 26%; 74% sHeprun He yaep)KUBaeTcs KIETKOM M B OC-
HOBHOM pacceuBaceTcsi B BUJIE TEIIa, TIOATOMY CIIEAYET MPHUMEHSIThH
oxJiaxieHue ammaparoB. CKOPOCTh OPOXKCHHS HEIOCTOSIHHA, U Hau-
OoublIasi aKTUBHOCTh HaOMrofaercs nepebie 24-36 4. 3aremM BBUIY
WHTUOMPOBAHHS KJIETOK STAHOJIOM 3TOT MPOIECC 3aMeJISIeTCsI.

Jliss mpoTekaHWs CITUPTOBOrO OpOKEHHsI B IHTATEIBHOW cpe-
Jie TOJDKHBI IPUCYTCTBOBAaTh THAMHUH (BUTaMuH B1), a Takke MOHBI
Zn+2, Co+2, Mg+2 u Mn+2. Hanpumep, yBenanueHne KOHIIEHTpaIuu
areTaaperuaa BCIEACTBUE 3aMEJIEHUS] €r0 BOCCTAHOBIEHHS B ATa-
HOJI IPOUCXONT M3-32 HEIOCTAaTKa MOHOB Zn+2 B cpelie, B pe3ybrare
@-1,6-O unper Ha OuocuHTE3 TIMIEpUH. KHCI0pos sSBISETCS WHTH-
outopom Opoxenust (3ddexr [lactepa), MexaHu3M 3TOro mMpoiecca
OyZIeT pacCMOTPEH HUXKE.

ImukonuTHYecKas MOCIeI0BaTeIbHOCTh PEAKINH SIBISICTCS TPH-
MepoM aM(pHUOOINIECKOTO MYyTH, B X0 KOTOPOrO B OMOCHHTETHYE-
CKUX PEaKIHUsIX KIETKOW UCIIONB3YIOTCS pa3IMyHbIe IPOMEKYTOUHbIC
MPOIYKTHI:

— (ochopunupoBanHas mirokoza (I7-1-D) sBasieTcst mpemiie-
CTBEHHHKOM B CHHTE3€ TIOJIMMEPOB KJIETOYHON CTEHKH M PE3ePBHBIX
YIJIEBOJIOB;

— Tpuo3odocdarsl UCTONB3YIOTCS B CHHTE3E KHUPOB;

— (ochoeHoNTUPYBAT U TUPYBAT SBJISIFOTCS MPEAIICCTBCHHUKA-
MU HEKOTOPBIX aMUHOKHCIIOT.

OpHaKo pa3sMHOXKAMOIIUECS KICTKH TPeOYIOT 3HAUYUTEILHO 00Jb-
1€ MPOMEXYTOUHBIX MPOMYKTOB JUISI OMOCHHTETHUECKUX PEaKInH,
4eM MOJKeT IpeaocTaButTh myTh DOMII. D10 Takue BelecTBa, Kak CyK-
[IUHAT, 2-0KCOITyTapar, OKCcalloaleTaT, KOTOpbIe SBISIFOTCS IMpele-
CTBEHHHKAMH{ B CHHTE3€ BOCBMH aMUHOKHUCIIOT. Y JBIIAIINX JPOXK-
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JKEBBIX KJIETOK, T.€. TAaKUX, KOTOpPbIE HCIOJB3YIOT MOJICKYJISPHBIHI
KHCJIOPOJ] B KQYeCTBE aKIIENTOPa BOAOPOAA U MOTHOCTHIO OKHCIISIOT
[JIIOKO3Y, CHHTE3 MPEILIECTBEHHUKOB aMHUHOKHUCIIOT MPOTEKAET B IH-
ke Kpeoca (LITK).

B ana’poOHBIX YCIOBHSX aKTHBHOCTH (epMeHTOB LuKiIa Kped-
ca HHU3Kasg. B pesynbrare m3-3a HemocTaTKa KIIOYEBOro (epMeHTa
2-0KCOTTyTapaTaAeruAPOreHasbl, aKTUBHOCTh KOTOPOTO ONpEesieTcs
KOHLIEHTPALMEeH pacTBOPEHHOTO B Cpelie KUCIOPOIa, Ha Y4acTKe CyK-
uuHat — 2-okcornmytapar L{TK pa3oMKHYT.

[Ipu HemocTaTke B cpeie paCTBOPEHHOTO KUCIOPOAA Y JPOAKEH
(YHKIMOHHUPYIOT ABa MEXaHU3Ma, KOTOpPbIE 00ECIIEUNBAIOT KIIETKY He-
00XOIMMBIME METa0ONUTaMHU: TEPBBII IpeaycMaTpuBaeT oOpa3oBa-
HUE CyKLMHAaTa, ymMapara, Majlata i OKcasalerara B OKUCIUTEIbHOM
npolriecce, B TO BpeMs Kak BTOPOH BKIIFOYAET CHHTE3 JOTIOJTHUTEBHBIX
(depMeHTOB A1 00pa3oBaHMs 2-OKCOTITyTapaTa Mo BOCCTAHOBUTEIb-
HoMy myTH. CorlacHO 000MM MeXaHW3MaM, NMUPYBAT MPEBpaILAeTCs
B anetwi-KoA B peakuuu, BKIIIOYAIOIEH MUPYBATACTHAPOTreHa3HbIH
KOMIIJIEKC, B COCTaB KOTOPOTO BXOOUT MUPYBaTAETHAPOreHasa, Iu-
rHapoaMuA-alleTUITpaHcdepasa, AUTHApoaMuapenykraza. B kaue-
cTBe KOPEPMEHTOB KOMILIEKC COAepKUT Mg+2, Tnamunanupodocdar,
¢naBunageHnHAnHYK-1e0TUA (PAJl) M HUKOTHHAMUIIMHYKICOTH]L
(HAJD).

CymmMmapHasis peakius UMEeT CIEAYIOMUN BUT;
[Mupysar + KoA-SH + HAJ[ — CO2 + Auerun-SKoA + HAJIH2

Takum 00pa3oM, 0OMEH TIIIOKO3BI MPU HEAOCTATKE KUCIOPOoAa B
cpene coorBerctByeT LITK B a3poOHOM MeTaboIM3Me: OKUCITUTEb-
HBIH MyTh BEJET OT OKcaloaleTara K 2-0KCOrTyTapary, BOCCTAaHOBH-
TEJIbHBIA — K CYKIIMHATY.

Bosneuenne oxcanoarerara B pazopsannbiii LITK npeanonaraer
JIOTIOJTHUTENILHBIA CHHTE3 OKcajioaleTaTa 3a cyeT NPOTEKaHWsl aHa-
TUIEPOTUYECKOH (BOCIIOMHSIONMIEH) peaknu:

ITupysar + CO2 + AT® — okcanoauerar + AP

Karammsupyer oty peakmuio AT® u mupyBaTkapOokcuiaza —
(epMeHT, B KOTOPOM OWOTHH SIBJISIETCS] MMPOCTETUYESCKOW TPYIIION, a
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LIUHK — KOEpPMEHTOM. DTO €MHCTBEHHAS peaKysi, KOTOPYIO MOKHO
paccMmaTrpuBaTh Kak aHaruieporudeckyro B xone L[TK, xoropas Boc-
MOJHSET HEJOCTAaTOK OKcanoaleTara, pacxoayeMoro s OMOCHHTe-
TUYECKUX PEaKIil.

AdpOoOHBIN MEeTab0JIN3M YITIEBOJOB TaK e, KaK U aHadpPOOHBIH,
MMeeT OJMHAKOBBIM MEXaHH3M BIUIOTH A0 0Opa3oBaHMs MUpYBaTa.
Ocoboe BHUMaHHE B 3TOW MOCIENOBATEIBHOCTH PEaKLHi CIeAyeT
yaenutsb LITK, koTopsiii BEIMONHACT claeayonme QyHKIHHN:

— JHEPreTHYECKYIo;

— OMOCHHTETHYECKYIO;

— PperyasTOpHYIO.

Duepzemuueckan @ynkyus. B adpoOHBIX yCIOBHAX MHUPYBAT MO-
ctynaet B LITK, B koTOpom, mpoiiast psii npeBpallieHui, TOIHOCThIO
OKHCJIIETCSl B TIOCIIEIOBATEIbHOM IPOIECCe PEAKIMM AbIXaTeIbHON
uenu. DHepretuueckas 3HauumocTs L[TK 3akmrouaercst B TOM, 4TO
NpY YTHIU3ALKUU OTHON MOJIEKYJIbI IIIIOKO3bI 00pa3yroTcst 36 MONEKyI
ATD:

C6 H1206 + 6 O2 — 6CO2 + 6 H20 + 36 AT®

buocunmemuueckaa ¢yynkyusa. CoeavHEHUs, y4acTBYIOIINE B
UKIIE, 00pa3yloT pe3epB MPOMEKYTOUHBIX BEIIECTB, KOTOPHIE TArOT
Havyaso oOpaTUMBIM MPOLEccaM B IPOXKKaxX. ITH MPOIecchl MeTado-
JM3Ma CBS3BIBAIOT B €MHOE IIEJI0€ Pa3InYHbIe PEaKkiMyd CHHTE3a M
pacnaga. C aToi Touku 3penus oraenbubie peakuuu [ITK 3anmmaror
HEHTPaJIbHOE MECTO. DTO MPEeXkJe BCEro OMOCUHTE3 OKCOTITyTapara,
OKcalloarerara 1 CyKimHuiI-KoA.

OKCOFJIYTapaT ABJIACTCA CaMbIM Ba’XHBIM aKICIITOPOM aMHHO-
TPy B peakuusX MepeaMHUHUPOBaHMs. B pesynbrare moiydaeTcs
TIyTaMar, gajiee riiyTaMuH, KOTOpBIﬁ ABIACTCA NMIPEAUNICCTBEHHUKOM B
CUHTE3€ MTPOJIMHA, OPHUTHHA, ApTUHUHA U JpyTuX MeTabonuToB. Kpo-
M€ TOT0, U3 TITyTamara o0pas3yercs JSUIIUH 1 ~-AMUHOMACIISTHAS] KHCIIO-
Ta, KOTOpast 3aTeM OKHCIISIETCS B IOJIOYHYIO.

Okxcarnoanerar sBJISeTCS KIIOYEBBIM COCAMHEHHEM B IPOIECcCe
IJIMKOHEOTreHe3a (IIPeBpalleHus )KUPOB B caxapuibl). OOpaTumoe me-
peaMHUpPOBaHUE OKcajloaleTaTa MPUBOAUT K 00pa30BaHMIO acrapra-
Ta, KOTOpBIﬁ CIIYKUT UCXOOHBIM COCAUHCHUCM JIsI CMHTE3a APYIux
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AMHHOKHUCIOT (METHOHWH, TPEOHUH U W30JEHLMH) U THUPUMUIUHO-
BBIX HYKJIEOTH/IOB.

BonpmmHCTBO peakiuil mepeaMUHUPOBAaHUS MPOTEKAeT B IIUTO-
TU1a3Me U JINIIb HEMHOTHE B MUTOXOHIPHSIX.

Cykunnun-KoA wurpaer OoJbIIyl0 poib B JIbIXaTeNbHOM MeTa-
Oonmusme, Tak kak crocobctByer 3ambikanuto LITK. IIpousBoxnbie
CyKIIMHUI-KOA BXOAST B COCTaB OKUCINTENBHO-BOCCTAHOBUTEIBHBIX
(depMmeHToB (MepoKcuasa, Katanasa) 1 IUTOXPOMBI, KOTOPbIE IIEPEHO-
CAT DIEKTPOHBI OT AETHUAPOTEHA3 K KUCIOPOY, B PE3YJIbTaTe BbIIESI-
eTcsl Heprus, kotopas 3anacaercs B ATO.

Pezynamopnas ¢pynxyus. Bxoxnenne B UTK coenunenuii, na-
XOJSIILIUXCSI Ha EPEKPECTKE BaXKHBIX META0OIMUECKUX ITyTeH, JeaeT
€ro CyIIECTBEHHBIM PETYISTOPHBIM (PAKTOPOM MUTOXOHIPHATIBHOTO U
BCET0 KJIETOYHOTO OOMEHA.

Perynuposanue L{TK ocymecTBisercs Ha ByX YPOBHAX — dHEp-
TeTUYECKOM U CYyOCTPaTHOM.

Pecynuposanue I[TK na snepeemuueckom ypogre. Bxoxxnenue B
nuki Au-KoA xoHTponupyetcs koHueHTpanueit AT® B npoxskeBoi
kiaetke. [Tpu Beicoko#t Bennunne otHomeHuss AT®O/AM® topmosutes
BxoxxaeHne An-KoA B LITK, npu 3TOM B 3aBUCHMOCTH OT Haau4us
B cpene (GaKkTOpOB POCTa M MHTEHCHBHOCTHU adpallli YBEJINYHUBACTCS
CUHTE3 JIN0O KHUPOB, OO0 YIIICBOMIOB.

VMmeunbiienne BeaudnHbl oTHoOwEeHUS ATDO/AM® cBungerenn-
CTBYET O BBICOKOM OMOCHUHTETUYECKOH JeaTeNbHOCTH Apoxokei. [lpu
aTOM Habmonaercs crumyisinus peakuuit LITK uepes akruBupoBanue
TakuxX (EepMEHTOB, KaK HUTPATCUHTA3a, U30LUTPATICTHAPOreHas3a
MaJIaTJeTUIPOreHas3a, B pe3yjibTare Yero oT COOTBETCTBYIOIINX CYyO-
cTparoB ormerssercs H+.

Pecynuposanue L{TK na cyocmpammuom yposrne. OHO 3aKITIOYASTCS
B M3MEHEeHHUHU OnocuHTe3a nutpara u Au-KoA. Konnentpauus nqurpa-
Ta B KJIETKE OIpeessieT nacTepoBckuid 3pdekT y npoxokelt u pery-
JUpyeT HayalbHBIA 3Tan OMOCHMHTE3a KUPOB. B Tex cimydwasx, koraa
ckopocTb okucaenus B LITK orpanndena koHIeHTpanyei okcanoare-
TaTa, HakorieHne Au-KoA BeneT k 00pa3oBaHMIO OKcanoanerara my-
TEM aKTHBaLUK NHpyBaTkapOokcuiasbl. [Ipu BEICOKOI KOHIICHTpaLUH
AT®, xoraa UTpaTCUHTA3a HHTUOUPYETCS, HAKOIUICHUE MTUpyBara u
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Au-KoA ctumynupyeT CHHTE3 OKcaloaleTara, a Tak Kak CHHTe3 LH-
Tparta 3aTOPMOXKEH, OKcajloaleTaT npHu ydyacTuu (ocdonupyBaTkap-
OokcukuHasbl mpespamaercs B DOl (pochoenonmupysar) u nanee
B yriieBozbl. IIpu 3TOM BasKHO OTCYTCTBHE JIUMHUTA 11O BUTaMHuHy B7
(buorun).

B mpucyTcTBHH KHCIOpOZA IPOXKH CPaBHHTENBHO OBICTPO K
HEMY aJanTHPYIOTCA. DTy crnocoOHOCTh BrepBble oOHapyxkun [la-
CTep, U siBNIeHHe ObLIO Ha3BaHO macTepoBckuM dddexrom (I19). Cytp
[1D 3akmouaeTcs B MOJABICHUM OpPOXKECHUS ABIXaHHEM, CHUKCHUH
CKOPOCTH NOTpebaeHust cydcTpara (TIIOKO3bI) U YBEJIWYCHUH JOJIH
caxapa, HIAyLIEero Ha CHHTE3 OMOMAacCHlI.

PerynupoBanue s¢dexra [lacrepa mpoxoauT Ha ABYX YPOBHSIX —
9HEPreTHYECKOM U CyOCTpaTHOM.

T'moxoza
ra-s-4¢
= PDEIL
—= Clog MHPYEAT
®/ /¥
GTP —= |— GDP @ /’
/
AT® .,/ AuKo A
- /
By — Coy —=y
B-; —hf/
n —=+¢
AK - ? - = ===—= oKcAI0ALeTAT ? LETpPAT
+
N ATP

MHOTO

Puc. 9 O6pazoBanue pochoeHoIMHpyBaTa

Peeynuposanue s¢ppexkma Ilacmepa na snepeemuyeckom yposHe
3aKJII0YaeTcsl B MOBbIIEHUH conepkanuss AT® B kieTkax, 4To Mpu-
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BOJWT K 3aMEMJICHHUIO CKOPOCTH peakuuu npespamienus: Op-6-O Bo
@p-1,6-mudocdar, xaranmsupyemoit pepmenToM HochoppyKTOKH-
Ha30H, 1, Ha0060poT, AM®D HMHTEeHCUPHULIUPYET CKOPOCTh ITOH peak-
LUH.

Peeynuposanue s¢ppexma Ilacmepa na cybcmpamnom yposHe
MOKHO PaccMaTpuBaTh C TOUKU 3peHUsl BIUsHUS aneTnin-KoA u okca-
Joanerara, ¢ OHON CTOPOHBI, M IUTPaTa — C JAPYTrOi.

Tak npu HerOCTATKE B MUTATENbHON cpefie OMOTHHA M HOHOB Zn+2
PE3KO YMEHBIIAETCS CKOPOCTh 00pa3oBaHUsl OKcajloalerara, B pe-
3yJbTare 4yero padoTa LHUKIa 3aMeJIeTCs, CIeA0BaTeIbHO, CHUYKALT-
sl BBIX0J] OMOMAacChl U YBEIMYHMBAETCs CHHTE3 dTaHona. K takomy xe
3 QeKTy NPUBOAUT HEJOCTATOUYHOE CHAOKEHNE KIJIETOK BUTAMUHAMHU
B1 (tnamun) u B3 (mantroreHoBas KMCI0Ta). ITO MPUBOIUT K CHUXKE-
HUIO CKOPOCTH CHHTe3a aueTui-KoA, B pe3ysibTare 4ero yMeHbIIaeT-
cs1 oOpa3oBaHue HUTpara — ucxoquoro komnonenta L[TK.

Lurpar npexncrasnser coboil BTOPOii ajulocTepuyecKuii (1o
NPUHIMITY 00paTHOW CBSI3U) PETYIATOP aKTUBHOCTH (ochodpyKTo-
kuHa3pl (ODK): yBenuueHne coiepikaHus IUTpaTa B IPOXOKAX MPH-
BOJHT K TOPMOKEHHUIO akTUBHOCTH DDK.

Eme ogaum aktuBatopom 19D sBnsiercs kucnopon. Tax, B npu-
cyrerBun O2 nupyBaT NpeuMyLIeCTBEHHO NpeBpaiaeTcs B A-KoA,
TaK KaK MUPYBaTACTHAPOreHa3a UMeeT 00Jiee BEIpaXKEHHOE CPOJCTBO
K MIUPYBaTy, 4YeM MHUpyBaTAeKapOOKCHIIa3a.

Oco0eHHOCTh MeTaboIn3Ma CaxapoOMHIIETOB 3aKIII0UaeTcs B Ha-
nnunn y HuXx 3¢ ¢exra Kpedrpu (mubo riroko3nsiii a3 dexT, oo ka-
TabOJIMTHASL peTpeccusi), CyTb KOTOPOTO COCTOUT B TOM, YTO, HECMO-
Tpsl HA UHTEHCHBHYIO a3palllio B CpPeJe C BHICOKOW KOHIEHTpauuei
caxapa, 4acTb cyOcTpara cOpakuBaeTcs Ha CIUPT, T.€. UMEET MeCTO
«adpoOHOE OPOKEHUEY.

I sddexra Kpebrpu xapaxTepHO AEHCTBHE OTHOBPEMEHHO
JIBYX 9HEPreTHYECKUX MyTeH — a3poOHOro u anaspoOHoro. [Ipu sTom
BBIXOJl OMOMAacchl M3MEHSETCS B IIMPOKHX IMpeeax B 3aBUCHMOCTH
OT MacCOBOM JIONK ¥ MIPUPOJBI YITIEBOA B CPEE.

Hns S. cerevisiae ycTaHOBIEHO, YTO MPH KOHLEHTPAIMU TIIIOKO-
361 ((hpykTO36I) B cpene Oonee 0,1 % HaOmonaeTcs pemnpeccusi CHHTe-
3a ¢pepmentoB L[TK, uuToxpoMoB u (epMEHTOB IbIXaTEIBHON LENH
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Jake TIPH OTCYTCTBUH JIMMHTA 10 Kucaopony. pdext Kpedrpu npu
UCIIOJIb30BAHMH B KaU€CTBE YIVIEBOJHOI'O IMTAHMS INIIOKO3bI U (QPyK-
TO3bI BBIPAXKCH 3HAYUTCIIBHO CUJIBHEC, YEM Ha MaJIbTO3C, MaJILTOTPU-
03€ WJIM TaJIaKTOo3e.

Masibro3a ¥ MajJbTOTPHUO3a HE BBI3BIBAIOT PEMPECCUBHOTO JCH-
CTBUS Ha JIbIXaHHE y MITAMMOB JPOAOKEH HI30BOTO OpPOXKEHUSI.

B orcyTcTBHE penpeccupylomei JbIxaHine KOHIEHTPALHH TITIOKO-
3bI U [IPY HAJIMYIMHU B CPEJie JOCTATOYHOTO KOJIMUECTBA PACTBOPEHHOIO
MOJIEKYJISIPHOTO KHCIOPOJa JPOXOKH METAaOOIU3UPYIOT TIIOKO3Y Jbl-
XaTeNbHBIM MyTeM. B 3TOM cilyyae mIi0Ko3a TOJHOCTBIO OKUCIISETCS
1o CO2 u BoABL. DTO JOCTUTACTCS Yepe3 ACATSIBHOCTD TITHKOJIUTHYE-
ckoro mytu u LITK. O6pazoBannsiit HAIH2 oxucnsercs no HAl+ ¢
MOMOUIBIO LEMH 3IEKTPOHHOTO TPAHCIOPTA C UCIIOIb30BaHUEM KHC-
JOpozia B KayecTBE akKLENTopa BOLOPOoAa (TaKUM ITyTeM o0pasyercs
BOJIa) U B Iporiecce cunTe3a AT®. CnenoBareiabHO, UMEHHO MaccoBast
JI0JIS YIJIEBOJA B CPEZie ONpenesieT npeodnaialonii THII S3HEPreTH-
yeckoro oOMeHa B KJIeTKaX, a 3Ha4YHT, U BBIXOJ]l OMomaccel. Bo Bpems
KaTaOOJIMTHON penpeccuy HadIrogaeTcesl Aerpaaalus MUTOXOHIPUH,
KOJINYECTBO MX yMEHbIIAeTCs B 3-5 pa3, KpoMe TOro, U3MEHsIETCsl uX
MOPQOIIOTHS: YBEIIMUUBACTCS Pa3Mep U UCUE3at0T KPUCTHI.

Koncmpyxkmuenwiii 0omen oposicoceii. Metabonausm, Win 0OMEeH
BEILIECTB, BKIIIOUAET B ce0sl TAKKE MPOLIECChI, KaK:

— KaTaboJM3M — pacraj] BEMIECTB JI0 COSJIMHEHNH ¢ MEHBIIICH MO-
JIEKYJISIPHOW MacCcoi;

— aM(puOOIN3M — CHUHTE3 IIPOMEXKYTOUHBIX BEILECTB U3 3THX CO-
e/IMHEHUH;

— anHa0onm3M — 00pa3oBaHHE M3 MPOMEXKYTOYHBIX COCAMHEHHN
CJIOXKHBIX BEILECTB, HAIPUMED, OEJIKOB, )KUPOB U YIJIEBOIOB.

C 1esibio peryaupoBaHUsl XMMHUYECKOTO COCTaBa JPOXOKEH pac-
CMOTPUM MeXaHU3MbI 00pa30BaHUsl HEKOTOPBIX COCIMHEHUH: CTPYyK-
TYPHBIX, 3aIIACHBIX YIVIEBOJOB, aMUHOKHCIIOT, KOTOPbIE NAYT HA CHUH-
Te3 Oelka, 1 KHUPOB.

PesepBHble yIiIeBOaBI MPEACTABICHBI B KJIETKAaX JPOACKEH Tpems
bpakuusMu: TPErago3oil, INIMKOI€HOM, PacTBOPUMBIM B YKCYCHOMH
KHCJIOTE, U TJIMKOI'CHOM, paCTBOPUMBIM B XJ'IOpHOfI KHCJIIOTEC.
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Metabonnyecku aKTHBHbIE (PaKUUU HAKAIJIMBAIOTCS HE OIHO-
BpeMeHHO. ConeprkaHue IMKOreHa pacTeT B (ha3e 3aMeIIeHUs pocTa,
B TO BpEMsI KaK TPerajao3a akKyMyJIHpyeTcs MPH IMePEeXoae KyJIbTyphl
K CTallMOHApHOM (ase.

Iuxozen. I'MAKOTEH HaXOIUTCSI B IIMTOIUIa3ME B BHJE TpaHyd,
HEKOTOPOE €ro KOJIUYECTBO OOHApYKEHO B KIETOYHOH OOOJIOUKe.
OTO OCMOTHYECKH HEaKTHBHBIM MOJIMCAaxXapuj, CIIOCOOHBIH OBICTPO
MCIIOJIb30BAThCS B Ipoliecce MeTabonu3ma apoxokeit. Monexyna rim-
KOT€Ha MPEeACTaBIsICT COO0M pa3BEeTBICHHYIO CTPYKTYpY, B KOTOpPOM
[JIMKO3UIHBIE OCTATKU CBsI3aHbI MEXK Ty co00it 0-1,4 1 a-1,6 cBsI3saMu.

CuHTe3 IIMKOI'€HAa HAauyMHAeTCsl ¢ o0pa3oBaHMs YypUIAHMHIAU]OC-
¢ar-rmoko3pl  (V®PIm), katanusupyemMoro QepMeHTOM IJIIOKO-
30-1-pocdary-€E—pununtpancdepaszoit. [nmkoren-cunrasza-/-doc-
(haraza xaranu3upyeT NOCIEI0BaTEIbHOE MPUCOCANHEHHE TIIIOKO3HO-
ro ocrarka Y/I®I'n k monucaxapuaHoOMy aKLENTOPY:

I'mokoza —Imiokoza-6-pochar— [mokoza-1-pochar— YID-
['mroko3a —1uKorexH

I'mukoreH motpeOnsieTcst POXIKaMH KaK MEPBUYHBIM HCTOYHHK
SHEPTUH, IIOATOMY €T0 KOJMUECTBO 3HAUUTEIBHO YMEHBIIACTCS B TIEp-
Bbie 10-12 yacoB mociie BBeNEHUS IPOAOKEH B MUTATEIBHYIO CPELy,
a IMOTOM BHOBB BO3pacTaeT. Macca IITMKOTeHa MOXKET COCTaBIATh 10
30% Macchl KIETKH (B IepecyeTe Ha cyxoe BelecTBo). Bo Bpems xpa-
HEHMSI APOAOKEH colep)kaHUe ITIMKOTeHA B KJIETKAaX yMEHBILAETCS B
CBSI3H C €T0 UCIIOJIb30BaHUEM JJIsl HOAJePIKAHUS UX KUZHEISSTEIbHO-
CTH (PHIOTEHHOTO AbIXaHHA). YeM BbIlIe TeMIlepaTypa, Ipu KOTOpOi
XpaHITCS IPOXKH, TEM WHTEHCHBHEE CHU)KACTCA B HUX KOJIMYECTBO
TJIMKOTEHA.

I'mukoreHonus (pacmaj TIMKOTE€HAa) HaYMHACTCS C ACTpafalluu
[JIMKOTEHa 1moj aerictBueM Qocdopmiasel. B mpucyrerBun docdara
OT IIMKOT€HA OTIICIUISIETCSI TIT0K030- 1 -hocdart, KOTophlii mpeBpara-
erca QocdormokoMyTazod B DOK030-6ochar. DHepreTudecKuii
BBIXOJl TJIMKOTEHOJIM3a BBIPAXKaeTcsi B CUHTE3e Tpex Mojekyn ATD
B pacyeTe Ha OJHO 3BEHO INIIOKO3BI MOJIEKYNbI MIHKOreHa. Tpezano-
3a. Tperanoza — pe3epBHBIN AUCaXapua, COCTOSIINA U3 IBYX IJIMKO-
3uA-Tperanoza — pe3epBHBINA AUCAXapUI, COCTOSLINNA U3 IBYX TJIHMKO-
3MIHBIX OCTaTKoB. Tperanoza HaXOOUTCS B LUTOILUIA3ME JIPOMKIKEBOM
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KJIETKH; YaCTh TPEran03bl CBA3aHa ¢ KIIETOYHOW CTEHKOM U 3aIlUIIaeT
€e OT BHELIHETr0 BO3ACUCTBUA. B omiMuMe OT INIMKOreHa Tperanosa,
HapsAy C ee SHEPreTHUeCKo (yHKIMeH, yuacTByeT B MOJACPKAHUN
CTPYKTYPBI LIUTO30JIsI, @ TAKKE MOXKET CIYKHTh OCMOTHYECKHM Oa-
PBEPOM IS BBIXO/A U3 KJIIETOK BOJBI B CTPECCOBBIX YCIOBUSIX.

Coneprxanue Tperajo3bl BapbUPyeT B 3aBUCHMOCTH OT CTENEHU
a’pobmo3a, B OpOmsIIMX IPOXIKaX €€ MOXKET HaKOMUThes 10 6%, B
nermamux — 10 18%.

CuHTe3 Tperano3sl Tak e, Kak U TIIMKOreHa, HaYMHaeTcs ¢ o0pa-
3oBanus Y®In, npu 5ToM Tperanoso-docdar cuHTE3UpYyETCs KaK U3
YD, Tak u 3 [1-6-® npu yyactun, — TperanozodocdarcuHTassl.

Hanpasnenue notoka [71-6-® Ha CHHTE3 TOTO WM APYIOro yrie-
BOJIa PEryIUPYETCS €ro KOHLEHTpauuel BHyTpH KieTku. IIpu Bbico-
KOW KOHLIEHTPALMK 00pa3yeTcsl INIMKOTeH, PH HU3KOU — Tperaiosa.

ITepBUYHBIM pe3epBHBIM BELIECTBOM APOKIKEBOU KIIETKU SIBIISIET-
Csl INIMKOT€H, TaK KaK BO BPEMS XPAaHEHUS UMEHHO OH HCIIONIb3YeTCs
B KaueCTBE JHJOI€HHOI0 HMCTOYHHKA YIJIEBOJHOrO nuTaHus. OcBo-
OOIMBIIASCS TIPU STOM SHEPTHUS UCTIONB3YETCs KIETKOW JUIs TOAAep-
JKaHUsl COOCTBEHHBIX CTPYKTYp, IPU STOM NPEA0TBpAIacTCsl pacnaj
CTPYKTYPHBIX TOJMCAaXapuaoB M (EPMEHTHBIX OEJKOB, T.€. JHM3HC
npoxokeit. [Ipennonaraercs, 9To SHEPreTHUECKUue NOTPEOHOCTH KIIeT-
KU B IIpoliecce 00e3BOKMBAHNS TAKKE YIOBICTBOPSIOTCS 3a CUET TITHU-
koreHa. B mepuon nar-¢a3zel MeTabonn3M IITUKOTeHa AaeT SHEPTHIO U,
BEPOSITHO, CYOCTpaT Il CHHTE3a CTEPOJIOB, HEOOXOUMBIX B IMPOLEC-
ce pocrta Jpoxkeil. CrnenoBarenbHO, MPOJOIKUTENIEHOE XpaHEHHE
JIPOXOKEH MOXKET MPUBECTH K MCTOLICHHIO 3amaca IIIUKOoreHa 0e3 co-
MYTCTBYIOILET0 0Opa3oBaHMs CTepoioB. B pesynbrare Habmonaercs
YXYIIIEHHE (U3HOTIOTHUYECKOTO COCTOSIHHS IPOXIKEH, ClleoBaTelNb-
HO, CHW)KEHHE CKOPOCTH POCTa KJIETOK U BBIXOJa OMOMACCHI.

B ornuume OT mMKOreHa pojb TPEralo3bl KaK PE3EpPBHOIO BELle-
CTBa IOJBEPracTCcsi COMHEHUIO, TaK KAaK B OTCYTCTBUE HUCTOYHHUKOB
YIJIEBOAHOTO M a30THOTO MUTaHMs OHa He MeTabonm3upyercs. OxHa-
KO HeocropuMa ee poib B jar-haze pocra apoxokei. [lpn Hannann
B cpelie HeOOXOAMMBIX ISl Pa3MHOMKEHHUSI CyOCTpaToB Tperano3a uc-
4e3aeT U3 KJIETOK 3a 45 MUH, IOCie 4Yero HaYMHAET YTUIN3UPOBaThCS
TIIIOKO3a.
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CHHTe3 IIMKOTeHa U Tperajgo3bl aKTUBU3HMPYETCS MPU MEepexoe
KyJBTYpPbI U3 IorapudmMuyeckoil ¢pasel B pazy 3amenjieHus pocra, T. €.
BO BpEMs1 CHIKEHUS YCJIbHOM CKOPOCTH POCTa APOACOKEH.

CKOpOCTb pOCTa MOYKHO PETYIHPOBATH:

— MyTeM OIpaHUYEHUs Pa3sMHOXKEHHUS KyJIbTYphl IPOXKKEH pasz-
JIUYHBIMH KOMIIOHeHTamu nurtarenbHou cpeabl (C, N, P, S u 1.1.).
Yame Bcero sTa Ieib JOCTUraeTCs CHIKEHHUEM IO3UPOBKH JTHOO
A30THOTO, MO0 YINIEBOAHOTO MUTAHUS, TUOO TOTO U JPYroro OAHO-
BPEMEHHO. YCTAHOBIJIEHO, YTO MPHU OJHOM U TOH K€ CKOPOCTH pocTa
KJIETKH, BBIPAIICHHBIE B YCIOBUX JIMMHUTA TIFOKO3bI, COiepKatr 00Jb-
111e pe3epBHBIX YIIIEBOJOB, YEM IIPU HEAOCTATKE a30Ta;

— IIyTeM HampaBJeHHs] SHEPTeTHUECKOTO OOMeHa aApoxoken. Tak,
JUTSL IPEUMYIIECTBEHHOTO HAKOIIJICHHUS TPETaI03bl HEOOX0IMMa BBICO-
Kasi CTENeHb adpOOHOCTHU KYIBTYpHI, a TJIABHOE — MCKIIIOYEHUE KaTa-
OONMUTHOM pernpeccun;

— IyTEM CO3JaHHUs OTpeeIeHHBIX (PU3UKO-XUMUUECKUX YCIOBHM
KyJIbTHBHpOBaHUs (Temmeparypsl, pH, ocMOTHYECKOro JaBiIeHUSs).
VYBEeNMUSHHIO COACPIKaHMsI TPETAIO3bl B PACTYIIEH KYJIBType CIIOCco0-
CTBYET MNOBBILICHWE TeMIeparypbl. MOXHO Takxke Tu(QepeHuupo-
BAaHHO YIPAaBJIATh CUHTE30M TNIMKOT€HA M TPErajo3bl B MOKOSIIUXCS
JIPOXIKaX € MOMOIIBIO TeMIeparypsl. ONTUMyM TeMIeparyphl IS
HakoruieHus mukoreHa 30 °C, s tperanosst 45 °C. [Ipu takoii Tem-
neparype Hakarumaercs 10 20% Tperano3sl 0T aOCOMIOTHO CyXO
Macchl KJIETOK.

Cmpykmypnule nonucaxapuowt. Kietounas cTeHKa, COCTOSIIAs
U3 IIIOKaHa U MaHHAHONPOTEHJOB, SIBISIETCS aKTHBHO (YHKIHMOHH-
pytoueii opranesuioil. MaHHaHONPOTEN B! U TIIOKaHbl CHHTE3UPYIOT-
csl pa3HbIMU MyTsIMU. [lepBble CHHTE3UPYIOTCS BHYTPH KIETKH U 1O
Mepe CHHTE3a 3KCKPETHPYIOTCS U OTKJIAAbIBAIOTCS Ha TOBEPXHOCTH.
I'mrokaH, BEpOSITHO, CUHTE3UPYETCs MPU Y4acTUH LUTOIMJIa3MaTnye-
ckoil MeMOpaHbl. OTMEUaeTCsl BBICOKAs MOIBMKHOCTH KOMIIOHEHTOB,
BXOJALINX B KJIETOYHYIO CTEHKY. Tak, Mpu mepeceBe B CBEXKYIO Cpe-
JIy KOJIMYECTBO IVIIOKaHA U MaHHAHOMNPOTEUOB CHayasla CHUYKAeTCs,
a 3aTeM CTpeMHTeNbHO Bo3pactaeT. [lpu sToM HabmiomaeTcst yeTkas
KOppETSLUs MeX1y AUHAMUKOW TIIIOKaHa M PE3EPBHOTO INIMKOTEHa.
Korna cHmkaercss KoMM4ecTBO IVIFOKaHA, HAKalJINBaeTCs TIINKOTEH U,
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HA000POT, HAKOIUICHHIO TIIFOKaHA COMYTCTBYET MaJeHHE YPOBHS TJIHU-
KOT€Ha B KJIETKaX.

Bo Bpemsi 00e3BOKMBaHMSI CHM)KAETCSI COZIEPIKAHHUE B JAPOXIKAX
TJIMKOT€HA M MaHHaHa, TOT/Ja Kak J0JI TPeranao3bl U IIF0KaHa Bo3pac-
TaeT. TO COMIacyeTcsl TAKXKe C MPEACTaBICHUEM O TOM, YTO COOTHO-
HIEHUE MEXAy MaHHAaHOM M TJIIOKAHOM oIpeaessieT Gpopmy KIETKH.
Ecnu Benn4nHa 3TOro OTHOLIEHUS] MEHBIIIE €INHULIBI, TO KJIETKHU MPH-
00peTaroT OKpyrIyio (GopMy, BEPOSITHO, B pe3ylbTare UX 00E3BOXKH-
BaHUS.

Buocunmes amunokuciom. B coctaB 0enkoB IpOiOKEH BXOAAT
anuparnyeckue (MIMLKH, aJaHuH, CEPUH, TPEOHUH, BaJIHH, JIEHLIMH,
W30JICHINH, acllaparkH, [NyTaMuH, JIM31UH, apTUHUH, IUCTHH U METH-
aHMH), apoMaTHYecKue (THUpa3uH, (eHUIalaHUH) U FeTepOLUKINYe-
ckue (MPOJMH, THCTHINH U TPUNTO()aH) AaMHHOKHCIIOTHI.

Awmunokucnotsl (AK) urparor Gonpuiyo pois B mpouecce CHH-
Te3a OuoMacchl, a TakkKe B OMOCHHTE3€ BTOPUYHBIX METa0OJIUTOB, B
YaCTHOCTH BBICIIUX CIIUPTOB U JUKETOHOB.

YpoBeHb aCCUMUIMPYEMOTO a30Ta B CPEJIE ONPEACIAET:

CKOPOCTb POCTa APOAIKEH;
BBIXOJl OMOMACCHI;

— CKOpPOCTb YTHJIM3ALIMU caxapa;
CKOPOCTb OpOKEHHUSI.

[Ipu Hamuuum B cpepe YTHIU3UPYEMOIO a30Ta APOXKIKH CHOCO0-
HBI CHHTE3MPOBATh BCE ABAL[aTh aMMHOKHUCIIOT, U3 KOTOPBIX CTPOSATCS
Oenku. [poowcocu ymunusupyrom amuHOKUCIOmMbl, Ou- U mpunenmu-
Ovl, ammuaunvil azom. HUTpaThl, HUTPUTHI, aMUHOKHCIIOTHI OEITKOB
JIpOXKKaMHU He acCUMHIupyroTcs. Ilpn 3ToM B KadecTBe MCTOYHMKA
a30Ta APOAOKEBbIE KJIETKH MPEAIOUYTUTENHHO HCIIOIb3YIOT AMUHOKHC-
JIOTBI, MPUCYTCTBYIOIIME B MUTATEIBHOM Cpefe WM COCTABIAIOLINE
amuHokuciomuuli nyn. B mocnenHeM ciyvyae aMHUHOKHCIOTBI Haxo-
JIATCS B BaKyOJIsX.

CocTaB aMMHOKHCIIOT ¥ X KOJIMYECTBO B AaMUHOKHCIIOTHOM IIyJIe
MOCTOSIHHO U3MEHSIETCSI M 3aBUCHUT OT BHEIIHHUX (PaKTOPOB, 0COOEHHO
KOHLIEHTPALMU aCCUMMJIMPYEMOT0 a30Ta Ha MPEIbIIyLIUX CTagusaxX
KyJIbTHBHpOBaHHA. OTCYyTCTBUE JIMMHUTA O 30Ty CHOCOOCTBYET IO-
BbIIIEHUIO KOHIIeHTpauu AK B moceBHOM Marepuase. 9T0 TOPMO3UT
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MPUTOK WX W3 BHEIIHEH cpeibl W npennonaraeT Beienenue AK u3
KieTKu. Takum 00pa3om, Jaxke Mpu OTCYTCTBUU B CPEJIC aCCHMUITUPY-
€MOr0 a30Ta MOTYT MPOUCXOAMTH TPOIECCHI, CB3aHHBIC C CHHTE30M
OHOMAacChl U BTOPHYHBIX META0O0IUTOB, OJTHAKO 3TH MPOIECCHI OBICTPO
3aBepiatorcs. Bropoit npuunnoi yeenndenus AK B 1poxokax MOKeT
OBITh aBTOJIM3 KJIETOK, KOTOPBIA TPOUCXOIUT MPH UCUCPIIAHUU IK30-
TeHHOTO YTHJIM3UPYEMOro a3ora cycia. Hampumep, yBenndeHue co-
nepxkanus cBoOoaHbIX AK B KiIeTKax CBSI3aHO C aKTHBAIUEH BHYTPH-
KJICTOYHBIX MPOTEOTUTHUYECKUX (hepMeHTOB. OOBIYHO ITO MPOUCKO-
JIUT TIPU TOTIAJaHUU THIPOIUTUYCCKUX (DEPMEHTOB, COIEPIKAIIMXCS
B JIN30COMax, M1 00pa30BaHNU TaK Ha3bIBAEMbIX BTOPUYHBIX BaKYOJICH,
KOTOpBIC 3aHUMAIOT Oonee 2/3 oObema kieTok. Bo n3bexaHnue aBTo-
JIU3a IPOXOKEH MUTATEIBHYIO CPey Hapsay C IPYTMMU HCTOUHUKAMHU
MUTaHUsT HEOOXOIUMO JIONOJIHHUTh YTHIIM3UPYEMBIMU HCTOYHUKAMU
a30Ta B BUJIC AMUHOKHUCIIOT U aMMHA4YHOTO a30Ta.

CBO0OIHBIC aMUHOKHCIIOTBI, HAXOISIINECS B IIUTATESIILHOU Cpeie,
WHOTJIA HE MOJBEPraroTCs H3MEHECHUSM U B HEOOJBIIIOM KOJIUYECTBE
WCIIONIB3YIOTCSl HETOCPEACTBEHHO B OnocuHTe3e Oenka. [locnenosa-
TEJIBHOCTh AMUHOKHUCIIOTHOM aCCUMUJISIIIUM MOXET 3HAUUTEIILHO Me-
HATBCS OT YCJIOBHU KyJAbTUBUPOBaHUs. Hampumep, monbem aBieHus
MPUBOJIUT K CHIDKCHHIO NOTPEOJICHUS BajlHA, METUOHWHA, M30JICH-
1WHa, JeinmrHa U ructuarHa. OHAKO OOJIBITMHCTBO MOCTYIAIONIUX
B KJICTKY aMHUHOKHUCJIOT TIOABEpPraeTcs JICHCTBUIO TPaHCAMUHA3BI, KO-
TOpasi ylasieT UX aMHUHOTPYIIIbI, OCTABIISIS YITICBOIHBIN CKEJIET, KO-
TOphIii MeTabomu3upyercst. OCHOBHOE MECTO B CHCTEME TPAHCAMUHU-
POBaHUs Y IPOAOKEH 3aHMMAET 2-0OKCOMITyTapar KaK akIenTop aMHHO-
IPYIIIT; 00pa3yIOIIUKACS PU ATOM TITyTaMaT MOKET ObITh UCIIOIh30BaH
B Ka4eCTBE JIOHOpPA aMHHOTPYIIIBI JUIS MIOCTPOCHUS APYTUX aMUHO-
KHCJIOT U3 OCTAaTKOB, 00Pa30BaHHBIX MTPH MPOTEKAHUU aHAOOINYESCKUX
Iy TEH.

Buocunmes nykneomuoos. 1lypuHOBbIC U THPUMUINHOBBIC HY-
KJICOTU/IBI YYACTBYIOT B CHHTE3¢ HYKJICHHOBBIX KUCJIOT, OHM BXOJIST B
COCTaB MHOTHX KO(DEPMEHTOB M YYaCTBYIOT B aKTUBAIlUH U IEPCHOCE
aMUHOCaxapOB, aMUHOKHUCIIOT, KOMIIOHEHTOB KJIETOYHON CTCHKH U JIH-
nua0B. MICXOMHBIM METa0OIUTOM IS UX CUHTE3a CIIY)KUT pu0030-5

docoar.
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Kupoeoit oomen. JIunuapl JpoxoKeNd NPEACTaBICHblI TPUALMIT-
murepuaaMu, GochonunuaaMu U CTepUHAMU. TpHAIMITITHIIEPHIbI
SIBJSIFOTCSI TIPEIIICCTBEHHUKAMH JTHHHOIICTIOYEYHBIX JKUPHBIX KHC-
JIOT ¥ TIUIepuHa. J{poxKeBbIe TUIHUIbI COAEePIKAT IPEUMYIIECTBEHHO
JKUPHBIE KHCIIOTHI ¢ 16 1 18 yrieponHsIMu aTOMaMHu.

JKupHble KUCTOTBI MOTYT OBITh HACHIIICHHBIMU 1 HEHACBIIICHHBI-
MU (C OTHOM WM MBYMsI CBSI3IMHU). B nmpoxokax mpeobmagaeT comep-
JKaHWE TaKMX HEHACHIIICHHBIX aMHHOKHUCIIOT, KaK manbMuTuHOBast (C
16:0) u creapunoBas (C 18:0). HenacslileHHBIC )KUPHBIE KUCIOTH B
OCHOBHOM TIPEICTABICHBI TATBMUTONCHHOBOH (16:1), onennosoit (C
18:1) u munonenoii (C 18:2) kucmoramu.

docdonunuap SBISIOTCS 3aMEICHHBIME JUalIrIniepodocda-
TaMH, HanboJee OOBIYHBIC 3aMECTUTEIH — XOJIMH, dTAHOJIaMUH, CEpUH
WJIA MHO3UT.

JIunuael y4acTBYIOT B PETYIMPOBAHUH OKHCIUTEIHHO-BOCCTAHO-
BUTEIILHBIX MPOLECCOB MPU JBIXaHUH KJIETOK, BXOJST B COCTAB MEM-
OpaH BceX OPraHOMIOB KIIETKH, B TOM YHCIIe MEMOpaH MHUTOXOHPUH,
00pa3yIoT JIMIOMPOTCHHOBBIA KOMIUIEKC C OCJIKaMU, BXOSIIUMU B
COCTaB MPOTOIUIa3Mbl U T. 1. [Ipu runponuse ogHol Mmonexynsl ATD B
JIPOAOKEBON KIIETKE MOYKET OCBOOOIUTHCS 10 52 KJ[K.

Kpome Toro, nmunus! BEIOTHSIOT POJIb 3allaCHBIX BEIIECTB KJle-
TOK Jposkkeit. Pacraj HelHTpaibHBIX JIMIUA0B U POCPOITUITUIOB TIPO-
WCXOAMT 3a CUET T'HJIPOJIUTUYECKOTO JCWUCTBUS JIUIMA3, B Pe3yibTare
00pa3yloTcs TIMIEPUH M KUPHBbIC KUCIOTHL. [nuiepun naiee ¢oc-
dopunupyercs 10 riunepo-1-dpocdara, geruapupyercs 10 ITHOKCH-
areToH-pocdara, KOTOPhIH ydacTByeT B mpolecce rukoiau3sa. JKup-
HBIE KHCJIOTBI ITOJ{BEPTalOTCs ~-OKHCICHUIO B MATPUKCE MUTOXOHIPHH.
JKupHBbIe KUCIOTBI ¢ KOPOTKOW YITIEPOJHOM LIETOYKOM, COAEpKaLei
ot 4 no 10 atomoB yrepoxa (JKKK), mpoHUKaIOT B MUTOXOHPHIO.
Jna nnuaHONIenIOuedHbIX KUpHBIX KucnoT (JKK/I) BHyTpeHHSS MeM-
OpaHa HeNpoHHUIIaeMa, OHH NEPEXOIAT B MATPUKC B BUIE allMIIKAPHU-
THHOB, KOTOPbIE 00Pa3yIOTCs BO BHYyTPUMEMOPAHHOM IPOCTPAHCTBE.
B pesynbrare mogHOro OKMCIeHHs MaIbMUTHHOBON KHUCIIOTHI 00pasy-
ercs 8 monekyn An-KoA, kotopsie ganee moctymnatot B LITK. O6mmmii
Bbixos AT® cocrasnsier 17 MOJEKya Ha KaXIblid parMeHT u3 JIByX
YIJIEPOAHBIX aTOMOB.
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[Ipeobnamaronmye CTepUHBI — 3ProCTEPUH M 3UMOCTEPUH, OOHAa-
PY’KEHBI TakKe Apyrue CTepuHbl U ux 3gupsl. Bee Tpu Buaa mununos
SBJISIFOTCS. BaKHBIMM KOMITOHEHTaMHU KIETOYHOH MeMOpaHBI IPOK-
e, Tak kak KiIeTouHasi MeMOpaHa KOHTPOJIMPYET NPOHUKHOBEHHUE B
KJIETKY MIUTaTEeIbHBIX BELIECTB U BBIICICHUE META00INTOB U3 KIIETKH,
e¢ pyHKuus HeoOXoaMMa sl pocTa M pa3MHOXKEeHUs KieTku. CHHTe3
CTEpUHOB Takke BkiItouaeT yuyactue HAJID+-3aBucumoil cMmeman-
HO-(YHKIMOHANBHON OKkcuaasbl. [loTpeOHOCTh ApoXoKeld B Mole-
KyJISIPHOM KHCJIOpoae Oojiee akTyajbHa JAJisl CHHTE3a CTEPHHOB, YeM
Ui 00pa3oBaHMsl KHUPHBIX KHCIOT. HemocTarouHash KOHIEHTpPALHS
PacTBOPEHHOTO B Cpe/ie KUCIOPOAa YMEHBINACT BBIXOA OMOMACCHI U
CHIDKAeT UX >KU3HECHOCOOHOCTh, TaK KaK KJIETKH B 3TOM Ciydae He
MOTYT CHHTE3MPOBaTh HEHACHIILEHHBIE KUPBI IS IOCTPOSHUS KIle-
TOYHOH MEMOpPaHBI.

JpoxxKu MOTYT ycBauBaTh JKUPHBIE KUCIOTHI M3 MHUTATEIBbHOM
cpeabl 1100 CUHTE3UPOBAaTh UX CAMOCTOSATEIBHO.

HcxonHbiM METaOOIMTOM B CHUHTE3€ HACBHILICHHBIX )KUPHBIX KHC-
JIOT sIBAIseTCS LUTOIUIa3Marudeckuilt Anetnn-KoA u auokenp yrie-
pona, Kotopsie nox AelictBreM pepmenta Auneruin-KoA-kapOokcuia-
3bl, COJEPIKALIETO MPOCTETHYECKYIO TPYNITy OMOTHH, MPEBPAILAIOTCs
B ManoHnH-KOA — HemocpencTBeHHOro mpesiecTBeHHuka 14 u3z 16
aTOMOB YIJIEPO/ia MOJIEKYJbl MaTbMUTHHOBON KucioTel. Kodepmen-
ToM aneTui-KoA-kapOokcunassl siisercst Mn+2.

Peaknus, karanuzupyemast Auetun-KoA-kapOokcnnasoi, siBisier-
csl JINMUTHUPYIOIEH CTaJuell BCero rnpouecca CUHTE3a KUPHBIX KHC-
J0T. buotuH cimykuT nepeHocuukoM MoseKkynsl CO2 B ABYXCTYIIEH-
4aTON peaKLuu.

llepeas cmynenn:

CO2 + AT® + buorun-pepment — KapOokcnbuornn-pepmMeHT
+AAD+D

Peaknust kaTanusupyercs Takke noHaMu Maprania (Mn+2).

Bmopas cmynenv:

Kap6okcubuorun-pepment+Auermi-KoA—ManonnH-KoA+-
Buorun-depment

Auetnn-KoA obpasyercs B MUTOXOHIpHUSAX JIMOO W3 MHpyBara
(peaxuuu 1 u 2), 1100 MPU OKUCICHUH KUPHBIX KHCIIOT, COIEPIKALIIX
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B ymiepofHoi nemnu ot 4 1010 aTomMoB yriepoaa. OTH HU3KOMOJIEKY-
JSIpHBIE )KUPHBIE KHUCIOTHI CBOOOIHO MPOXOAAT Yepe3 MeMOpaHy MU-
TOXOHJpUH (TepeHoc 00JIeryaeTcsi COeIMHEHUEM UX C KAPHUTHHOM).
UcxonnpiMu MeTabonuramu B oOpasoBaHnH An-KoA moryT ObITh
TaK)Ke aMHHOKHUCIIOTHI (puc. 11).

Crnines M 06 SEIIPEY
mpyeaT {Chs +{__ 1)
H.o = | = EoA SH (B3) Moot Kok
B1 — |= HAD (B;)
ATD —= |Coz
Mg — | = B, Mn —|"
0, (oxHCTEHHE) B —

-’J?;:Kuﬁ—:— EIIPBI IHTpAT—» oncamoaeTaT+ AT 04

()
AT® AK
AR 0KCATOANETAT  ITHTPAT
MMuToxouapna Huronnazma

Puc. 10 buocuHTe3 )KUPHBIX KUCIOT

Crnenyer oOpaTuTh BHUIMaHUE, YTO CHHTE3 YKHPOB MPOUCXOINT B
nuToruIazMe. Mexay TeM BHYTPEHHsISI MeMOpaHa MUTOXOHJPUN He-
nponuriaema st aneTmi-KoA. [loaTomy oH cHadana KOHACHCHUDY-
€TCsl C OKCaJ0-alleTaToM ¢ 00pa3oBaHHEM IUTpara, KOTOPBIA JIETKO
MIPOHUKAET B LUTOIUIA3My. B nuromnasme nurpar npu ydactuu ATD
pacmagaeTcs Mo JeiCcTBHEeM UTPAT OMBUISIONIETO (pepMeHTa Ha OK-
canoarnerar 1 ucxogueii anetmn-KoA. MIMeHHO B TOM 3aKIIIO9aeTCst
PETYASTOPHAS POJIb TUTPATa B CUHTE3E )KUPOB.

MeTabomu3M )KUPOB TECHO CBS3aH C KUCIOPOIOM, TIOITOMY XOPO-
1iee M JOCTaTOYHOE adpUPOBaHUE MUTATEIHLHON CPE/Ibl UMEET pela-
Iolllee 3HAUYCHUE JUIA CHHTEe3a KHUPHBIX KUCIOT. Kpome Toro, B cpene
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JOJKHO OBITH IOCTaTOuHOE KosmvecTBo BuTamuHa B, B3, a takke
1oHOB Mg u Mn.

IIpu HeocTaTke KUCIopoaa U HecOaTaHCUPOBAHHOCTH MTUTATENb-
HOU cpeibl HaOII0AAI0TCS HAPYIIEHHSI B ITpoLieccax MeTabomu3Ma Kiie-
ToK. Tak, Hanpumep, TP BO3pacTaHUU KOHIIEHTpaluu Anietuia-KoA B
JIpOXKKaX MPOMCXOIUT HAKOIUIEHHE KeTOCOEANHEHUH (areroarerara,
B-okcubOyTupara u anerona). AueTuia-KoA Takxke CIyXUT TOHOPOM
aleTHIIFHOW TPYIIIBI B CHHTE3€ Pa3nuyHbIX 2GupoB. [loaTomy moss-
JICHUE 3aI1axa 3TUX COCJMHEHUIN CBUJETENIBCTBYET O HAPYLUIECHUH TEX-
HOJIOTHYECKHX MPOIIECCOB C YYACTUEM JIPOAIKEN.

Henacolwyennvie >xupHbIe KUCIOTHI 00pa3yIOTCS U3 HACHIIIEHHBIX
B Xo7ic (hepMEHTAaTHBHOM PEaKIMH, B KOTOPOH MOJICKYJISIPHBIA KHCIIO-
PO IEHCTBYET B Ka4eCTBE aKIENTOpa BOAOPOIA. DTa peakius ocy-
MIECTBIISETCS OKCHIa301 CO CMEIaHHONW (DYyHKITHEH, HCIIOMb3YIOIICH
B KauecTBe akuentopa HA 1D+

Ecim y n1poskKeBBIX KIETOK CIUIIKOM MaJlo JTTHHHOIETIOYEYHBIX
HCHACBIIICHHBIX XUPHBIX KHUCJIOT, TO CIIOCOOHOCTE KJIETOYHON MEM-
OpaHbI IPOIYCKATh BEIIECTBA U3 OKPYKAIOIIEH Cpelibl CHIIBHO YMEHb-
1aeTcs, a moTpedIeHrne aMIHOKHUCIIOT MOYKET BOOOIIE MPEKPATUTHCS.
B PEIYIBTATE CHUKACTCA HE TOJIBKO BbIXO 6I/IOMaCCBI, HO M yXyama-
eTcs (U3UO0IOTHIECKOE COCTOSTHIE APOKIKEH.

buocunmes cmepunos. CuHTE3 3UMOCTEpPHHA TECHO CBS3aH C
POCTOM ¥ pa3MHOXKEHHEM JPOXIKel. B a3poOHO BeIpalieHHOM IposK-
KeBoll Ouomacce copepskutcst 10 5Smr/r CB. Ilpu satom cnenyer yuu-
THIBAaTh, YTO C HCIIOJIB30BAHHEM | MI CTEpHHA MOXKET 00pa30BaThCS
1000 Mr npoxokeit B mepecuete Ha 100% CB.

HcxonHbIM METa0OJIMTOM B CHHTE3€ CTEPUHOB SIBISCTCS alle-
tin-KoA, n3 kotoporo odpasyercsl cHadajga ckBajieH. Jlaiee ckBajieH
B MPHUCYTCTBUH KUCIIOPOJAa OKHUCISAETCS B CKBaJeH-2,3-3MOKCU, KO-
TOPBIHA 3aT€M LUKIU3UpPYyeTcs B dproctepuH. CUHTE3 CTEPUHOB HIET
mpu yuactuu HAJID+-3aBucuMoit cMenraHHO-(YHKITHOHATEHON OK-
cuaasbl. [loTpeOHOCTD ApoAGKEH B MOJIEKYJISIPHOM KHCIIOPOJE IS
CHHTE3a CTEPUHOB OOJIbINE, YeM i1 00pa30BaHUs KUPHBIX KUCIOT.
OTcyTcTBHE B MMTATENIBHON cpefie BUTaMuHa B3 Taxoke oTpumareis-
HO BJIMSIET HA CUHTE3 dProCTepUHA B APOAIKAX.
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CymiecTByeT CBsI3b CHHTE3a CTEPUHOB C METa0OIM3MOM TITHKOTe-
Ha. [ TMKOreH pacxomyeTcs B IEpBbIC Yachl I10CIIC BHECCHUS APOXIKEH
B IIMTATENbHYIO cpey. Ha kak(plil TpaMM H3pacx0l0BaHHOIO MIHMKO-
reHa oopasyercs 69 Mr cTepHHa.

1.1.4 NMIUTAHNE APOXOKEN

KuzHenesTeabHOCTD APOXKEH 3aKIIIodacTcs B Mpoleccax MUTa-
HUSL, JbIXaHUs, pOCTa U pa3sMHOXKeHUs1. OTHOBPEMEHHO C 3TUMH IIPO-
[eccaMu UAET CUHTE3 BTOPHYHBIX METabOIUTOB, KOTOPBIE MPE/ICTaB-
JSIFOT OOJTBIION MHTEPEC ISl TUBOBAPEHUS M BUHOAECHS, TAK KaK OHH
00yCIIOBITUBAIOT BKYC M apOMaT HATIUTKOB.

HcTounnku nutanus, HEOOXOAMMBIE JIOOOMY OpraHu3My, B TOM
YHCIIe U IPOXKKAM, MOJKHO Pa3AeIUTh Ha CIEAYIOIINE IPYIIIIbL:

— ocHoBHbIe emeHThl: C, H, O u N;

— DJIEMEHTBI, TPEOYIOIIMeCs B HEOONBIINX KOJIMYecTBax (MaKkpo-
anemenThl): P, K, S, Mg;

— MuKpodneMeHTsI (Zn, Mn, Co, Ca, Fe, Cu u np.);

— BHUTaMHHBL.

[TorpeOHOCTh APOXIKEH B MUTATENbHBIX KOMIIOHEHTaX MOXKET
pas3nvaThCs Ka9YeCTBEHHO U KOJIMYECTBEHHO B 3aBUCHMOCTH OT YCIIO-
BUH KyTbTHBUPOBAHMS, B YACTHOCTH MOXKET U3MEHSTHCS TOTPEOHOCTD
B (hakTOpax pocTa IIpH U3MEHEHUH TeMmIepaTtypsl, pH 1 ocMonsibHO-
cTH cpeabl. M3BecTHO, Y4TO NpH HEOOIBIIOM KOJIHYECTBE MTOCEBHOTO
Mmarepuana Tpedyercs: Oonee Ooraras cpena, yem Uil Hadala pocTa
HOIYJSALUN C BBICOKOH IUIOTHOCTBIO. JTO CBSI3aHO C TEM, YTO MHO-
THe DJIEMECHTH U BUTAMHUHBI MOTYT HAKaIJIMBaThCs B KIETKAaX MPH UX
KyJIbTHBHUPOBAaHUU B CpPelaX ¢ BBICOKMM COJIEPKaHHUEM 3JIEMEHTOB U
3aTeM UCII0JIb30BAThCsI B OMOCHHTE3e. VICIonb30BaHNe TaKoro MOCEB-
HOTO MaTepHaia MPUBOIUT K CHUKEHHUIO TpeOOBaHUH K MUTATEIbHON
cpeze, B KOTOPYIO OH BHOCHTCs. Hanpumep, 6nocopOLus HOHOB LIMH-
Ka B cpene, comepxamieit 800 Mr Zn+2/71, MOXKET COCTABIATH 52,5 MT/T
abcomoTHO cyxoii 6nomaccel (ACB), B To BpeMsi Kak 00BIYHO IPOKKH
conepxar Bcero 0,039 mr/r ACh. B apokxkax Takke MOTYT HaKarIu-
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BaTbcsl BUTaMUHBL. Hampumep, conepxanne OMOTHHA B KJIETKaX MO-
sket gocturath 0,6 Mxr/T ACB.

Jpoxokn OTpeOISIOT TOJIBKO PACTBOPEHHBIE B BOAE KOMIIOHEH-
Th1. [locTynenue BemecTB B KJIETKH OCYIIECTBISETCS ITyTeM MTacCUB-
Holi 1u¢dysun, odneruennon Auddys3un Npu ydacTun crenuanabHbIX
CHCTEM IMEPeHO0ca, COCTOSIIMX U3 OEJIKOB — MEPEHOCUMKOB (TIepMeas),
W MyTE€M aKTUBHOTO TPAHCIOpTa MPH YYaCTHH CIEHUPHUECKUX Tep-
Mea3 U 3aTpaTe SHepruu B Buje Mosekyna ATO.

XHUMHYECKUI COCTaB MUTATENbHBIX BEIIECTB JIOJKEH COOTBET-
CTBOBATh XUMHUYECKOMY COCTaBy OpraHH3Ma.

Hcmounuku yenepooa. 11o TvIly NUTaHUS IPOXKIKU OTHOCATCS K
reTepoTpoHBIM OpraHU3MaM, yCBauBAIOIIUM YIVIEPOJ U3 OpraHuye-
CKHX COEIMHEHU.

VYrnepoa ucnonpdyercs Uil CHHTE3a KIETOYHBIX KOMIIOHEHTOB,
JBIXaHUs 1 00pa30BaHUs BTOPHYHBIX META0OIUTOB.

HcTounnkn yriieposa BKIIIOYAIOT MOHOCAXapHiabl, TakHue, Kak
D-rmoko3a, D-mannoza, D-dpykrosza, D-ramakroza, u3 meHTo3 —
D-kcunosa. Aucaxapuasl caxapo3a U MaJIbTo3a M TpHcaxapuj Majb-
TOTPHO3a YTUIM3UPYIOTCA APOXKIKAMHU, B TO BpeMs Kak Jlakro3a (Mo-
JIOYHBIN caxap) — HeT.

Caxaposza ruaponusyercs uHBeprasoi (B-D-dpykro-dypano-3u-
naszoii). OOHapy»XeHbl Be OCHOBHBIE ()OPMBI MHBEPTA3bl, OJHA pe-
npeccupyemast, CHHTE3 KOTOPOH MHTHOMpYeTCs TIIIOK0301 (OHA JIoKa-
mzoBana B [II1I1). Bropas nuiieHa yrieBogHON 4acTH, pacroiokeHa
BHYTPU KJIETKHU, U €€ CUHTE3 IIPOTEKAeT HE3aBUCUMO OT COAEp KaHUs
IVIIOKO3BL B CpeJe.

Ilon neiicTBHeM MHBEpTa3bl caxapo3a paclIeIseTcsl Ha TIIIOKO3Y
1 GPYyKTO3Y, KOTOpBIE TIOCTYNAIOT B KIETKy (puc. 12). Tpancmopt 00-
nervaetcst Omaropapst GepMeHTy MEepeHOCUrKy (Iiepmease), KOTOPbIi
HaXOAWTCSl B LMTOIUIa3Marnueckod MemoOpane. CKOpOCTh MepeHoca
DJTIOKO3BI B KJIETKY MPH YYacTHHU NiepMeas3bl B MUJIJIMOH pa3 ObIcTpee,
YeM 3TO MOIJIO OBl MPOM30UTH ITyTeM MpocToil nuddys3un uepe3 Mem-
Opany.

Mausbro3a cHayasa MoCTyHaeT B KIETKY MPH yY4acTHH Crieudu-
YEeCKHX MHIYLMOMJIBHBIX NepMmeas. M TONbKO B KIETKE MPOUCXOIUT
THIPONIU3 3TOTO aucaxapuaa (GepMeHTOM o-TIIIOKo3Huja3a (MajbTa-
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3a), KOTOPBI HHAYLHUPYETCS OMHOBPEMEHHO C MepMea3aMu U THIPo-
JU3yeT MaJbTO3y A0 IVIIOKO3BI BHYTpHU KieTkH. [lo Takoi e cxeme
NPOMCXOINT NMOTPeOICHUE TpUCcaxapHuia MaJbTOTPUO3bL. Tpucaxapun
padduHO3a B 3aBUCUMOCTH OT LITAMMOBBIX OCOOCHHOCTEH APOAIKEH
100 cOpa)KUBAaeTCs MOJHOCTHIO (IUTAMMbI MUBHBIX APOXIKEH HHU30-
BOro OpoxkeHus ), 1100 Ha 1/3 (mexapckue APOXIKH M MHUBHBIC JPOXK-
KM BEPXOBOT'O OpO’KEHH).

MAJIBTO3A MAJBTOTPHO3A
nepmeasa nepyeasa

MA. T[I)TO'SA MA. TII»T()TPIIO'%A

-2 710hoiu()aja - mol\omdum

HFJHOKOS;A{-—J

dpykTO3a

IJIF0KO3a TIII0K03a + GpyKTOZa
CTHOKOAMUNA3A uneepmasa
! l
JEKCTPHUHBI

OJIMTOCAXAPHIbI ~ CAXAPO3A

Puc. 11 Cxema notpeOienus caxapuaos apoxokamu S. Cerevisiae

IIpucyTcTBytoniie B MUATATEIBHONW Cpelne ITIoKo3a, (hpPyKTOo3a |
caxapo3a UCTIONB3YIOTCS IPOXKKAMHE B IIEPBYIO OUepelb, 3aTeEM MOTpe-
OmsieTcsl MaIIbTO3a M Jjajiee MalbTOTPHO3a, OJTUTOCaXapuIbl ¢ YHCIOM
TTIMKO3UTHBIX OCTATKOB OoJiee TpexX W AEKCTPUHBI APOXOKAMU HE YTH-
TU3UPYIOTCS (puc. 12).

Taxme opraHuvecKue COeAMHEHNs, KaK TIIUIEPHH, STAHOMI H JIaK-
TaT, He COPaXKWBAIOTCSA, HO B a9POOHBIX YCIOBHUIX aCCHMUINPYIOTCS
TIPOKIKAMH.
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Puc. 12 [TocnenoBarenbHOCTb COpaXMBAHMSI CaXapHI0B

Hcemounuku azoma. Conepsxanue a30Ta B KJICTKaX MOXKET T10CTHU-
ratb 10% #a CB. Mcrounukamu a3ota Jis CMHTe3a OeJiKa SIBIISTFOTCS
WMOHBI aMMOHUSI U aMUHOKUCIOTHL. OJIHAKO POCT KIIETOK MPOUCXO-
JUT OBICTpEE, €CJIM B THTATCIILHOW Cpejie CONEPIKaTcs aMHHOKHUC-
JIOTBI, & HE MOHBI aMMOHHS. AMUHOKHCIIOTBI B MPOLIECCE OPOIKSHHUSI
MOTPEOISIFOTCSI TTOCIICI0BATENILHO. DTO ONPEACISETCS CBOWCTBAMH U
CHEIU(PUYHOCTHIO TIepMea3, JIOKAJIM30BAaHHBIX B KIICTOYHOW MeMOpa-
HE JpOoXkel. BONBITMHCTBO MOCTYHAIIUX B KICTKY aMUHOKHUCIIOT
CHauaJia MoJIBepPraeTcs ISHCTBUIO TPAHCAMUHA3, OTIEIUISFOIIUX aMH-
HOTPYIIIBI, P 3TOM OCTAETCS YIIIEBOIHBINA CKEIIET, KOTOPBIH Janee
MeTabOoIU3UPYETCSI.

Jpoxoku HE MOTYT aCCHMUJIMPOBAThH a30T U3 OPraHUYeCKHUX coe-
JIMHCHMI (KPOME MOUYCBUHBI), HUTPATOB U HUTPUTOB.

B npokxkeBol MPOMBINIIICHHOCTH U B BUHOJACIUH B KavyeCTBE
MCTOYHHUKA a30THOTO MMUTAHUS UCTIONB3YIOT cyiabdar ammonus (COCT
10873-73), muammonuiipocdar mapoxk A u b ('OCT 8515-75) u pac-
tBOp ammuaka (I'OCT 9-77). Ouenp peako B Ka4eCTBE HMCTOYHHKA
a30THOTO nuTaHus ucronbdyercs moueBuHa (COCT 2081-75).

Munepansusle Komnonenmul. AKTUBHOCTh HEKOTOPBIX (DepMEH-
TOB MOXKET 3aBUCETh TOJILKO OT CTPYKTYPBI CaMOro Oeika, JUIsl JIpy-
rux TpeOyeTcs TakkKe MPUCYTCTBHE ONPEACICHHBIX TPy HEOSIKO-
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BOI IPUPOJIBI — KOGAKTOPOB. B poin kohakTOpoB MOTYT BBICTYIIATh
MOHBI METAJUIOB MJIH CJIOKHBIE OPraHMYECKUE COCTMHEHUS, Ha3bIBae-
Mble Ko(pepMmeHTaMu. MHOTIA /U151 TPOSIBIICHHSI aKTUBHOCTH (pepMeH-
Ta He0OXOAMMO PUCYTCTBUE KaK TeX, TaK U IPyTUX.

Hwxe npuBeneHsl cBeJeHUS O HEKOTOPHIX (epMeHTax, Kodep-
MEHTaMH B KOTOPBIX SIBIISIOTCSI HOHBI METAJUIOB:

Zn+2 — KopepMEHT aJIKOTOJIbICTUIPOTreHA3bl, KAPOOKCHIIETITHAA3bI,

Mg+2— xodepmenT nupyBardocdoknHassl, pocoruaponassl u
dochorpanchepassr;

Mn+2 — kodepmenT pocdoTrpancdepassr;

Fe+2 u Fet+3 — koepMeHTHI KaTana3bl, IEPOKCUIA3BI U IIUTOXPO-
MOB;

Cut2 u Cu+ — KopepMEHTH THPO3UHA3BI M LUTOXPOMOKCHA3HI;

K+ — xodpepment nupyBarhocpoknHazbL;

Na+ — kodepment mnazmarnueckoil ATD-a3bl.

K makposnementam otHocsiTest pocdop, Kanuid, MarHui, HaTpui
U cepa.

Ilompeodnocmu oposrciiceit 6 hocghope. Dochop BXOIUT B cOCTaB
HYKJIEHHOBBIX KucioT, AT®, Gpochonunuaos, moamMepoB KIeTOUHON
CTCHKH, B MEMOpaHbI OPraHOMA0B KJIeTOK. OH cocoOCTByeT MonAep-
KaHUo OypepHOCTH, MpemsTCTByomed casury pH B muTomnaszme
kietok. HexBarka docdopa mposisisieTcss B 3aMEIJICHUH CKOPOCTH
OpOKEHUsI U POCTa KIETOK.

KonmuectBo P205 B kieTkax onpenensercst yCIOBUSIMH KYJIbTH-
BUPOBAHUS, COAEp:KaHUeM colieil hocdopa B cpere 1 MOKET JOCTH-
ratb 5,5% ot CB npoxokeit.

Ilompebnocms Oposicoceit 6 Kanuu. B xneOonekapHbIX APOXIKax
conepkanue kanus B nepecuere Ha K20 B npeaenax ot 1,4 no 4,3%
ot ACD, B muUBHBIX IpoAcKax — B cpeaHeM 2,4% ot CB. Kannii aktu-
BUpYyeT 0KoJI0 40 pa3nuuHbIX (EPMEHTOB, B TOM YHCIIE OKCHAA3bl U
JeruaporeHasbl. IOHBI Kasust BBITOIHSIOT POJIb HE TOJILKO KoepMeH-
TOB, HO TaK)KE€ BXOISIT B COCTaB HEKOTOPBIX CTPYKTYP KJIETKH, B 4acCT-
HOcTH, pubocoM. Kamnmii Taxke ydyacTByeT B PErysiMy TPaHCIOPTa
MOHOB Yepe3 KJIETOUHYIO CTEHKY U Yepe3 MUTOXOHIPHAIbHYIO MEM-
Opany. B cBsi3u ¢ yBenmuueHHEM CKOPOCTH poOcCTa APOXIKEH MOTpeo-
HOCTB B KaJIMM YBEITHYMBACTCSL.
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Nonbl K+ onpezenstoT TpaHCOPT B KIeTKH oprodocdara, urpa-
IOIIET0 OOJIBIIYI0 POJIb B SHEPreTHUSCKOM OOMeHe npoxokeil. Cko-
POCTBH ATOrO MpoLiecca 3aBUCUT KaK OT BHUJAa MHUKPOOpPTaHU3MA, TaK
Y OT yCIIOBUH KylbTHBHpOBaHUs. [Ipu sHEpreTnyeckoM oOMeHe, CTH-
MYJIUPYEMOM TIIOKO30M, SK30TEHHBIN KaIUi MOCTYMAET B KICTKY Of-
HOBpPEMEHHO ¢ ocdaroM, Py 3TOM MPOUCXOAUT OTTOK HOHOB H+ u3
TPOACKEH. DTOT MPOLIECC SIBISIETCS] IHEPrO3aBUCUMBIM U TIPOUCXOIUT
npu yuactiu pepmenta ATD-a3bl.

Crnenyer oOparuth BHMMaHue Ha oOMeH moHoB K+ u H+ uepes
MU-TOXOHpUAIBHYI0 MeMOpaHy. B manHOM ciyuae, momumo K+, B
3TOM 00-MEHE Y4aCTBYIOT TaK:Ke HOHBI Na+ U MOHBI JBYXBaJICHTHBIX
MetaiuioB Ca+2, Mn+2 u Sr+2. [lepexon 5TUX HOHOB B MUTOXOHAPHUIO
COIMPOBOXK/IACTCSI BEIOPOCOM 3KBUBAJICHTHOTO KomyecTBa H+.

Jis apoxoxel 3KOHOMHUYECKH KOA((UIIMEHT MO KaJIWI0 PaBeH
54. DTo o3Hayaert, yTo | T 3meMenTa BXoauT B coctaB 54 © ACB.

Ilompeonocme Oposncceit 6 mazhuu. Marauii HEOOX0IUM Kak
JUTSL SHEPTeTUYECKOTO, TAK ¥ KOHCTPYKTHBHOTO 0OMEHA JPOXKKEH, TaK
KaK OH SIBJIICTCSI KOPAKTOPOM MHOTHX (pepMeHTOB. OH CTUMYIUPYET
YTUIA3AIUI0 MAJIbTO3bI U MAJIbTOTPHO3HL.

DKOHOMHUYECKHI KOA(PPUIIMEHT B pacueTe Ha MOHBI MOTPEOICH-
HOro marHus coctapisier 540 T cyxoil Omomaccel Ha 1 T MarHusi u
oOparHo npornopimonaiex konuuectsy PHK B 6Guomacce.

[Ipu cocTaBneHUN MUTATENBHBIX CPEl CIEAYET YUYECTh CICAYIO-
€€ COOTHOIIEHUE MEXAY MaKpOAJIEMEHTAMH B TIEPECUETe HA UX OK-
cunsl: MgO: K20: P205, xotopoe pasusiercs 1:10:20.

Ilompeonocmo Oposcoceir 6 cepe. Cepa He0OXOAMMA, TIIABHBIM
o0pa3oM, Jisi CHHTE3a CEPOCOCPKAINUX AMUHOKHUCIIOT IUCTCHHA U
MeTHoHnHa. KpoMe Toro, HeOOJBIIOE KOJIMYECTBO CEPbl Tpedyercs
Juisi 00pa3oBaHusl Cyab(OrpyI B HEKOTOPBIX KOPEpMEHTax, TaKUX
KakK OMOTHH, KOQEPMEHT A, JIUTIOEBAst KUCJIOTa, THAMUH W TTUPUIIOK-
CHH.

B0 ycranoBieHo, UTO B APOKKAX IMPU HEAOCTATKE 3TOTO KOM-
MOHEHTA B CpEJe KYJIBTUBUPOBAHHS HAOIIONACTCS CHIDKECHUE JIbI-
XaTeJIbHOM aKTHMBHOCTH KJIETOK, KaK W TPU WHTHOUPOBAHHH POCTa
TIpOAOKEH HegocTaTkoM kene3a. Cepa ycBauBaeTcs JpOXsKaMU U3 He-
OpPraHMYECKUX CYNIb(ATOB, U3 CEPOCOACPIKALIUX AMHUHOKUCIIOT. JKO-
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HOMHUYECKUH KOA(QPHULUMEHT B pacueTe Ha WOHBI SO4-2 nns mexap-
ckux apoxokeit cocrasisier 100 r cyxoit Omomaccel Ha 1 T

MMUKpPO3JIEMEHTHI YUYaCTBYIOT B METa0OIM3ME APOXKIKEH U BIHSIOT
Ha UX XMMUYECKHH COCTaB, POCT U pa3MHOKEHHE.

K mukposnemeHTaM, KOTOpbIE B MEPBYIO O4Yepelb HEOOXOIUMBI
IUISL pocTa Aposkokel, otHocsTes Zn, Cu, Ca, Mn, Fe, Co.

DneMeHTsI, peako Tpedyembie s pocta: B, Na, Al, Si, CL, V, Cr,
Ni, As, Se, Mo, Sn, .

MUKpPO37IEeMEHTBl MOTYT HaKaIJIMBAaThCS B KJIETKaX MPHU KYJIbTH-
BUPOBAHUHU HX B Cpe/ie C BHICOKOM KOHIEHTpaLUel deMeHToB. Tak,
OrocopOIMs IMHKA B cpelie, conepkarie 0,8 mr Zn+2/mi, cocrasis-
er 52,5wmr/r CB.

Lunk Bxomut B coctaB okojo 70 ¢epmenToB npoxkeid. OH sB-
nsieTcst KopakTopoM (PepMEHTOB KIETOYHOH CTEHKH, CTUMYJIHPYET
JbIXaTeTIbHbIM MeTa00IM3M APOXKKeH, OnocuHTe3 Oenka, oOOMEH Hy-
KJICMHOBBIX KHCIIOT, YIJIEBOAOB, BCJIEACTBHE 3TOTO OH BIMACT HA POCT
Y pa3MHOXXEHHUE KJIETOK. BBUIy y4acTusi HMHKa B BBICBOOOXKIICHHU
DIIOKO3BI (B Buae Ti-1-d) M3 IIHMKOreHa yBEIMYMBAECTCS CTPECCOY-
CTOMYMBOCTH APOXIKEH MPHU WX BHECEHUH B IUIOTHBIE MHUTATEIbHBIC
Cpenbl, B pe3ysibTaTe Yero COKpalaercs JUIMTeIbHOCTD Jar-gassl po-
CTa KIIETOK.

Conep:kaHue MOHOB IIMHKA B KIJIETKax JOJKHO OBITH Ha YpOBHE
6Mmr/100 . BBuy TOro 4To HMHK MOXKET aKKyMYJIUPOBATHCS B KIIET-
Kax, JOMOJHUTEILHOE BHECEHHE 3TOT0 dJIEeMEHTAa Ha 3Tarle MoTydeHUs
MOCEBHOTO MaTepuaa rapaHTUPYeT XOPOIIHe Pe3yIbTaThl IPH Mocie-
JQYIOLIEM Pa3MHOKEHHH APOXIKEH B OCIHBIX MUTATENBHBIX CPEAaXx.

PacueT nO0NONMHUTENHLHOTO BHECEHNUS LIMHKA MOXKHO CAEIATh UCXO-
Js1 U3 TOTO, YTO IKOHOMUYECKHH KOI()(UIIMEHT 715l HETO COCTaBIISET
npubmmsurensHo 20mr/r ACh apoxokeid, nnu mis npupocta 100 T
ACB tpebyerca 0,005 T nuHKa.

Meow siBnsieTcsi KOQEPMEHTOM OKCUAA3 U BIUSET Ha AbIXaTeIbHbIN
MeTabonu3M apoxokeil. KodepmeHTamn mentuaas MOryT sIBISTHCS
MOHBI MY WJIM UOHBI IIMHKA.

OKkoHOMHUYECKUH K03(D(UIMEHT MpUpocTa OMOMAcChl B pacueTe
Ha menb coctaBister 100 kr ACB/t, 1. e. ans npupocra 100 r ACB tpe-
oyercs 0,001 T menu.
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Mapezaney akTUBU3UPYET IENbIA psiii (EPMEHTOB: JIeKapOOKCH-
J1a3bl, JETUAPOTEHa3bl, OKCHa3bl, IEPOKCHUIA3bl, IENTH/1a3bl, KHHA3Y.
Bwmecre c xene3oM, IUHKOM M MOJMOIEHOM MOHBI MapraHiia MOTyT
HUBEJIHNPOBAThH BPEAHOE IEHCTBUE MEIU. DTOT MUKPOIIEMEHT CTUMY-
JUPYET Mpoliecc OPOKEHHs JayKe B TOM CiIydae, KOTra B Cyclie coaep-
KHUTCSI HEJTOCTAaTOYHOE KOJIMYECTBO MOHOB IMHKA. {151 GmocuHTe3a
100 r ACB tpebyercs 0,005 T Mn+2.

Dakmopul pocma Oposicxceil. [loMuMO IEMEHTOB MUHEPAIBHO-
O MMUTaHUs, UCTOUHUKOB YIJIepo/ia U KUCIOpoJa APOXKKH HYKIAt0TCs
B HEKOTOPBIX JOMOJHUTEIBHBIX BEIIECTBAX, HA3bIBACMbIX (JaKTOpaMHU
pocTa, Wi POCTOBBIMH BEIIECTBAMH.

Opranusmsl, Hy)KJaromumecs B pakTopax pocTa, Ha3bIBaIOT ayKCo-
TpodHBIMU. VIM NPOTHBOMOCTABIISIOT OPraHU3MBbI, KOTOPBIC HE 3aBH-
CAT OT (PAaKTOPOB POCTA, — ITO MPOTOTPO(EI.

K daxropam pocTa OTHOCSATCS TaKHe COSANHEHNUS, KAK aMUHOKHC-
JIOTBI, IYPUHBI ¥ TUPUMUIMHBI, & TAK)KE BUTAMUHBI. AMUHOKHUCIIOTHI,
MypPUHBI U TUPUMHUIMHBI — COCTaBHbBIC YaCTH OCJIIKOB U HYKJICHHOBBIX
KHCJIOT; BATAMUHBI BXOJSIT B COCTaB KOPEPMEHTOB, KaK MPaBHIIO, 3TO
MPOCTETUYECKUE TPYIITBI PepMEHTa, T. €. KOPEPMEHTBI, POYHO CBSI-
3aHHbBIE C (PEPMEHTOM.

B cocra koepMeToB IposkKe BXOIST MHOTHE BUTAMHUHBI TPYTI-
bl B, a Tarxoke He OTHOCSIIASCS K BUTAMHHAM JTUTIOEBasi KHCIIOTA.

BuTtamuHBI IO PACTBOPHUMOCTH MOXKHO OOBEAMHUTH B JBE TPYII-
MBI — BOJIOPACTBOPHUMBIE U KUPOpAacTBOpuUMBIE. BomopacTBopuMbIe:
B1, B2, B3, B5, B7, B8, B9, B12, C; xupopactsopumsie: A, D, E, K.

Buramun B8 (MHO3UT, Ui ME30MHO3HUT, JIS1 IPOXOKEH) HE OTHO-
CUTCS K BATAMHMHAM, XOTS €r0 pOJIb M OU€Hb BEJIMKA B POCTE U Pa3MHO-
KEHUH KIIETOK.

B merabonusme apoxoxei He ydacTByroT BuUTaMuHbl C 1 B12,
JIPOXOKU TaKKe HE HYXKIAIOTCS B JKUPOPACTBOPUMBIX BUTAMHHAX.
Pocr B oTCcyTCTBHE BUTAMHUHOB yKa3bIBACT Ha TOT (DAKT, YTO BUTAMU-
HBI CHHTE3UPYETCS] CAMUMH KIICTKAMH.

Bumamunor. A>poOHbI MeTaOOMU3M JIPOXIKEH, MPU KOTOPOM
MMEEeT MECTO MaKCHMallbHO€ HAKOIJIeHHE OMOMacchl U OTCYTCTBHE
CHHTE3a 3TUJIOBOTO CIHPTa, HE MOXKET MPOTEKaTh B OTCYTCTBHE WU
HEJI0CTaTKe TaKUX BUTAMHUHOB, Kak B1, B2, B7 u B&. Otu sxe BuTamu-
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HBl HEOOXOJMMBI IPO’KKaM B yCIIOBUSIX OPOXKEHUS, KOTA YacTh IJIIO-
KO3bI MJET Ha CHHTE3 OMOMACCHI, a JIpyras 4acTb — Ha oOpa3oBaHHE
CIHPTA U JPYTUX NPOAYKTOB OPOKEHHS.

Tuamun (B1) BXoAXT B cOCTaB MUpyBaTIeKapOOKCHIIa3bl U UTpa-
€T MOJIOKUTEIBHYIO POJIb B MPOLIECCAX, CBSI3aHHBIX ¢ 00pa3oBaHHEM
cnupra. Bmecte ¢ TeM 5TOT BUTaMUH HEOOXOIUM B adpoOHOM MeTa-
Oonn3Me ApoXkIKEeH. ITO CBA3aHO C TE€M, YTO OH BXOAUT B COCTaB IH-
PyBaTKapOOKCHIIA3HOTO KOMILIEKCA, KOTOPBIH KOHTPOJIMPYET CHUHTE3
anetmi-S-KoA, MCcX0qHOTO KOMIIOHEHTa JbIXaTeIbHOrO MeTabomm3-
Ma nposokedt. Kpome toro, Tmamun Heooxomum it padots! LITK, on
ABJSIETCS. OMHUM M3 (PAaKTOPOB, CIIOCOOCTBYIOIIMX 3aMBIKAHUIO 9TOTO
LKA, T.€. MpeBpalleHus 2-OKCormyTapara B CyKIHMHAT, Onarona-
psl 4eMy BO3MOKEH adpOOHBI OOMEH y APOXIKEH M BBICOKHI BBIXOA
9HEPIuu, HeOOXOIUMOH [Tl CHHTEe3a OMOMACCHI.

ManTorenoBas kuciaora (B3) Bxoaur B cocraB Ko-A-SH (ko-
(depmenTa anenupoBaHusi). ITOT KOYEPMEHT Y4acTBYeT BO MHOTHX
(hepMEHTAaTHBHBIX peaKUysiX, B KOTOPBIC BOBJIECUYEHBI HE TOJBKO alle-
TWIbHBIE, HO U JIIOObIE Ipyrue alibHble TPYyMIibl, Tpu 3ToM Ko-A-
SH BbImonHsIeT PyHKIMU MPOMEKYTOYHOTO MEPEHOCYMKA allMIbHBIX
rpynmn. bonbIIMHCTBO MITAMMOB MEKAPCKUX, BUHHBIX U TUBHBIX APOXK-
JKEW SBIISIOTCS ayKCOTpodaMu 1o BUTaMUHy B3.

IIpexne Bcero cieyeT OCTAaHOBUTHCS HA JIBYX IIPAKTUYECKU He-
00paTHMBIX, BBITOJIHSIOMINX PETYIATOPHYIO (YHKIHIO, PEaKLIUsIX, B
KoTophIX yuacTtByeT KoA-SH.

Iepesas peaxyus. Peakuyst 1ekapOOKCHIINPOBAHMUS TUPyBaTa ¢ 00-
pazoBaHueM aneTnia-S-KoA, KOTOpbIil sABIseTCS UCXOAHBIM HapsaIy
oKcajoaneraroM u cyoctparom B nenu peakuuii LITK. Dtot mponece
UJIET 110J] KOHTPOJIEM CJIOKHOH MoIr(EepMEHTHON CHCTEMBI, HOCALIECH
Ha3BaHUE NMUPYBATACTUAPOreHA3HBbIM KOMILIEKC, KOTOPBIA CONEPKUT
MUPYBATACTUAPOreHA3y C IMPOCTETUYECKON I'PYIIION — THAMHUHIIUPO-
thocharom u kopepmeHTOM — Mg+2; AUTHAPOTUIONITPAHCALIETHIIA3Y
C IIPOCTETUYECKOH I'PYNIION — JTUNOEBAst KUCIOTA U JUTUIPOIIUIIONII-
TpaHcaleThIasa, KoTopasi CoOAepKuT (aBuHOBBIN KodepmeHnt. Kpo-
Me TOro, B 3Toi peakuuu yuactByeT HAJI. Takum obpaszom, 1uist ocy-
HIECTBIICHUS ATOHN peakiuy HeoOxoauMbl Butamunsl B1, B2, B3 u BS,
a Takxke Mg+2. AKTHBAaTOpPOM SIBISIETCSA KHUCIOPOJ, T.€. HEAOCTATOK

65



KHCJIOpO/ia MPUBOAUT K 00pa30BaHMIO0 HEAKTUBHOM (OPMBI epMEHTA.

Bmopas peaxyus. 910 nexapOOKCHIMpPOBaHHE 2-OKCOITyTapara
¢ obpazoBanueM cykuHMI-S-KoA, 3ampikatomas L[TK B ycnoBusix
a’poOmo3a. ITOT MPOLECC MPOXOANT MPU YYaCTUH NOMH(EPMEHTHOM
CHCTEMBI 2-OKCOITyTapaTAeruApOreHasbl, KOTopas Mo COCTaBy BXO-
JSIIUX B HETO KOPEPMEHTOB M MPOCTETUYCCKUX IPYIN HAOMHUHAET
MUPYBaTAETUAPOTeHA3HBIA KOMILIEKC.

CucrtemMa cOCTOUT M3 TpeX (PepMEHTOB: G-KeTOITyTapar-aeKap-
OoKkcuasbl JUTHIPOIMIOMITPAHCALICTHIIA3B W TUTUAPOIHUIIONII-
Je-THIPOTeHa3bl.

B sT0if peakuun Tak xe, Kak U B IEpBOH, MOMUMO (pepMEHTHBIX
0€JIKOB y4acTBYIOT THAaMUHIIUPOQocdat, Tunoesast KUCI0Ta, (IaBUH,
KoA-SH, Mg+2 u HA/I.

VYuactue BuramMuHa B3 B OmocuHTE3e XHPOB CBS3aHO C alle-
Tni-KoA. Anerun-KoA sBrseTcss HCXOJHBIM COEIMHEHUEM /ISl CUH-
Te3a KHUPHBIX KHUCIOT H, CIEAOBAaTENbHO, KHUPOB. OCOOEHHO BaKHBI
HeTpeeNIbHbIe JKUPHBIE KHUCIOTHI, KOTOpPBIE BXOAAT B COCTaB BCEX
MeMOpaH OpraHOMAOB KJIETKH, CIIEI0BATEIbHO, OHM ONPEACISIOT HH-
TEHCHBHOCTB TPOLIECCa POCTA M Pa3MHOXKEHUS IPOOKEH.

Jnst cuaTe3a *)HUpoB u3 aneTuin-KoA HeoOXoauM Taxke TInIepo-
¢acdar, obpazyrommiicss B poruecce Meradonusma caxapoB. Kpome
Toro, aneTni1-KoA ydacTByeT B 00pa3oBaHUM CTEPOUIOB.

B cunTe3e HempenenbHBIX KHPOB TAKKE HEOOXOIUMBI BUTAMUH
B7 1 nons! mapranna Mn+2.

CrnenyeT OTMETUTh, YTO OTCYTCTBUE B MMTATEIBHON Cpesie BHUTA-
MuHa B3 oTpuuartenbHO BIMSET Ha CHHTE3 SPrOCTEPHHA B IPOXKIKAX,
KOTOPBIM NCTIONIB3YETCS IS OMy4eH s BUTaMuHa D.

B npou3BOICTBEHHBIX MHUTATENBHBIX CpeJax coiepKaHUe MaH-
TOTEHOBOW KHCIIOTBHI HE BCETNA JOCTATOYHO AJIsl CHHTE3a OMOMACCHI,
0COOEHHO 3TO KacaeTcsi COJIOZOBOTO Cyca.

Buomun. IIpakTryecKku BCe ITAMMBI IEKAPCKUX, BUHHBIX U ITHB-
HBIX JIPOXKKEH SIBISIIOTCS aOCONMIOTHBIMU ayKcoTpodamMu 1o OMOTHHY,
T. €. HECIIOCOOHBI PACTH U PA3MHOXKATHCSl B €70 OTCYTCTBHE.

Buotun BXonut B cocTaB miecTH kapookcunas. OH Urpaet pob Ie-
peHocunka kapOoKkcHiIbHBIX (-COO-) rpymni BO MHOTHX peakiusx dep-
MEHTaTUBHOTO KapOOKCHUIIMPOBAHHMS, TPOTEKAOHX ¢ yaacTuem ATO.
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HauGonpmmii nHTEpEC ¢ TOUKH 3PEHUsS PEryIupoBaHMs oOMeHa
B JIPOXOKAX MPECTABISIOT MAPYyBaTKapOoOKcuinasa, anetni-KoA-kap-
Ookcuasa.

buoTuH sBNIsSIeTCS aKTHBHBIM KOMIIOHCHTOM OMOITUTHHA — IIPOCTE-
TUYECKOHN TpyNibl MHpyBaTKapOOKcHIa3el — (PepMEHTa, KaTaau3upy-
IOIIETO PEeaKINio MpeBpalleHus MmIpyBaTa B okcanoarerar. [lomumo
OMOTHHA JIJIs MPOTEKAHMS dTOW PEaKIIUH HEOOXoauM Zn+2, KOTOPBIMA
sBysieTcs: kohepMeHTOM. DTO Hamboiiee BakHAs PEaKIusi, KOTopast
obecnieunBaeT paboty LITK, oHa HOCUT Ha3BaHKE aHAILIEPOTHYECKON
(BO3MemIaroNIeii).

IMupyBarkapOokcmnaza — amrocrepudeckuii pepmeHT. CKOpOCThH
KaTaJu3upyeMoi er0 peaknuu oOpa3oBaHUs OKcaoarerara B OTCyT-
crBue aneTui-KoA oueHp HH3Ka, Korja ke aneTmwi-KoA mmeercs B
M30BITKE, CTHMYJIUPYETCS CHHTE3 okcanoarerara. [loatomy npu ne-
¢unuTe OMOTHHA HanOoNee YSA3BMM MMEHHO ATOT y4acTOK MeTado-
JU3Ma, OJTHAKO 3TO HE BIMSET Ha CKOPOCTH TIIMKONM3a. B pe3ymprare
B KJICTKaX HAKaIlJIMBACTCs MMUPYBAT, KOTOPBIA YaCTHYHO BBIICIISICTCS B
Cpely Jlaxe MPH HaJTUYUU J0CTATOYHOTO KOJIUYECTBA PACTBOPEHHOTO
B cpene O2. Ecnu e KOHIIEHTpaIs pacTBOPEHHOTO KHCIIOpOo/ia HeBe-
JUKa, UAeT 00pa3oBaHUe CITUPTA.

ITupyBarkapOokcuiia3a yqacTByeT U B APYTOM Ipoiiecce — oopa-
30BaHUM QocdoeHonnupyBara. B 3Tom ciyyae oHa JISHCTBYET B KOM-
TUIEKCE C JPYTUMH (PepMEHTaMH, B YaCTHOCTH C KapOOKCHKHWHA3O0M.
KapOokcuknHazHass akTHBHOCTH 3aBUCUT OT MHOTHUX TPHYWH, B TOM
YUCJIE OT COIEPIKaHHs caxapo3bl B CPEJE: YeM BHIIIEC €¢ KOHIICHTpa-
1Us1, TEM HIDKE aKTHBHOCTh ()epMEHTA.

buoTtnH urpaer OOMNBIIYIO POJIb B CHHTE3€ JIWHHOLEIOYCUHBIX
JKAPHBIX KHCJIOT, BXOMSIIMX B KIETOYHBIE MeMOpaHBI. VCXOIHBIM
METa0OJINTOM B CHHTE3€ JKUPHBIX KHUCJIOT SIBJISFOTCS [UTOIIa3MaTH-
yecknii AI-KoA u nmuokcua yriaepoaa, KOTOpbIe MO ISHCTBUEM arle-
Tnin-KoA-kapOokcuiiasbl, cofepikaiieil B KaueCTBE MPOCTETUIECKOM
TpyNIBl OMOTHH, TIpeBpamaTcs B MaloHnH-KOA — HemocpencTBeH-
HOTO TIpenecTBeHHnKa 14 n3 16 aToMoB yriieposia MOJIeKyJIbl Majlb-
MUTHUHOBOM KHCJIOTHI.

Takum 00pa3oM, HEAOCTATOK OMOTHHA B Cpe/ie KYJIbTHBHPOBAHUS
BJIEYET 32 COOOI HapyIlIeHHE BCEX BUJOB 0OMeHa — OSIIKOBOTO, KHUPO-
BOTO, YIJICBOJHOTO, & TAKXKE CHHTE3a HYKJICHHOBBIX KUCIOT.
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Hapyienne cuHTe3a )XUPHBIX KUCIOT MPHBOAUT K YBEINYCHUIO
MIPOHUIIAEMOCTHU KJIETOK U BBIXOJY *KU3HEHHO BA)KHBIX META0OIUTOB
B Cpemy KyITbTUBHPOBAHHS. Takke MEHSICTCS XUMHUYECKHH COCTaB
3aIMacHBIX BEIIECTB IPOXOKEBON KJICTKH: BMECTO TPaHYJN TIIMKOTCHA
OTKJIAJIBIBAIOTCS TPaHYJIbl HU3KOMOJIEKYJISPHBIX JINITUAOB M3 KOPOTKO-
LENOYEYHBIX KUPHBIX KUCIOT. B pe3ynbraTe CHUKAKOTCS WHTEHCHB-
HOCTh Pa3MHOKEHUS JIPOAOKEH U BBIXOJ] OMOMACCHI.

OOBIYHO JIsT BO3MEIIEHHSI HEJOCTATKa OMOTHHA B CIIOKHBIE [TUTA-
TETbHBIC CPENbI, TAKUE KaK Melacca U COJIOJOBOE CyCIIO, dTOT BUTA-
MMH BHOCST U3 pacueTa 0,25 Mr Ha mpUpoCT 1 KT IpoKKeN ¢ MacCOBOM
nonelt cyxux BewectB 25%. Ilpu 3ToM cienyeTr UMETh B BUAY, 4TO
JIPOXKIKU 00TaIal0T CIIOCOOHOCTHIO HAKAILIMBATh BHYTPUKIICTOUYHEIC
3arachl OMOTHHA, OJIHAKO B (PEPMEHTAX KOJIMYECTBO CBSI3aHHOTO OMO-
THHA BCETIa TIOCTOSTHHO. B CBSI3U C 9TUM UMEIOIIUICS Pe3epB BUTA-
MHHA MOYKET OBITh UCTIOIB30BaH APOXOKaMH HA CICAYIOMNUX CTATUIX
KyJBTHUBHPOBAHUSI.

N30bITOK OMOTHHA TaK)Ke HeXelaTeJIeH, TaK KakK MPH ATOM HaOJIro-
JaeTCs 3aMEJICHUE €T0 TPAHCIIOPTa B KIIETKY, TO3TOMY MPU KOJIHYe-
CTBEHHOM pacueTe OMOTMHA Ha OCYIIECTBICHUE MPOIEcca KYJIBTH-
BHPOBAHUS CJICAYET YUUTHIBATh €TO COMACPIKAHHUE B CpPelle U B CaMUX
TIPOAOKAX.

Hnozum (B8.) ns npoxokedt TOIBKO OJUH U3 U30MEPOB — ME30-
WHO3UT (MHOWHO3UT) — SIBIISIETCS (pakTopoM pocta. ComepikaHue 3To-
ro BUTAMHHA B JIPOXIKAX MOXKET Koyiebarhes B mpenenax ot 200 1o
500mr/100 T ACB. YcTaHOBIEHO, YTO ME30MHO3UT UIPaET Ba)KHYIO
pOJIb B JKUPOBOM OOMEHE CaxapOMHIIETOB, B YaCTHOCTH, KICTOUHBIC
MeMOpaHsbI Apoxokeit comeprkar 10 20% pocdoruaniarnaoznTa — Goc-
¢domunuua, B COCTaB KOTOPOTO BXOAWUT MHO3UT. lIpu ero HemocTarke
HapyIaeTcsi cuHTe3 docdonumnuaos, a Takxke PHK Genka, u npowuc-
XOJISIT U3MEHEHUS B CTPYKTYPE KJIIETOYHBIX MEeMOpaH (OHU CTAHOBSATCS
0oJsiee XPYNKUMHU), IPH 3TOM YBEIUYMBACTCS COACPKAHUE HU3KOMO-
JEKYISIPHBIX TUNMUAO0B B KileTkax. [Ipu Hegocrarke B8 B kiteTkax co-
nepyKaHue JKHPOB MOXKET TOCTHYD 4,5%, B TO BpeMsI Kak B OOBIIHBIX
yenoBusix — 1,6%. Bee 3TO MpUBOIUT K CHUKEHUIO UHTEHCUBHOCTH
pPa3MHOXKEHHUsSI KJICTOK, HAapyIICHUI0 0OMeHa, 3aJIep)KKe LUTOKHHE3a
(TIOYKHU HE OTAENSIOTCS OT MAaTEPUHCKUX KJIETOK), B PE3y/IbTaTe maaa-
€T BBIXOJ] OMOMACCHI U CHIIKAETCS UX OPOAMIbHAS aKTUBHOCTD.
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Conep:kaHue 5TOro BUTaMHHA B MPOM3BOACTBEHHBIX cpelax ao-
CTaTOYHO BEJIMKO, MO3TOMY OH HE SIBISETCS JTUMUTHPYIOLIMM POCT
Ipoxokelt pakTopom.

1.1.5 CTUMYASTOPbI XKUSHEHHOWN OKTUBHOCTU APOMXOKEN
APOXOKen

CTUMYISTOPBI KU3HEHHOW aKTMBHOCTU APOXIKEH YCIOBHO MOJ-
pasnensitoresl Ha (usndeckue, Ouonoruueckue u xummdeckue. O6-
IIMM TS HUX SIBJISIETCS XapakTep HaOmoaaeMbIx (G GeKToB: yBeanye-
HHE KOHIIEHTPa1 ONOMacChl WJIM CHHTE3a BTOPUYHBIX METa00INTOB
NIPY MCIIOJIb30BAHUH CTUMYJIATOPOB B MaJIbIX 103aX.

Qu3uueckue CMUMYIAMOPLL POCMA MUKPOOP2aHUu3mo6. B Ha-
CTOsIILIee BpeMsi B MUKPOOUOJIOT MU UCTIONB3YIOT psia (pakTopoB (u3m-
YeCKOW PUPO/IbI, OKa3bIBAIOIINE BIMSIHUE HA PEPOAYKTHBHBIE H Me-
Tabonuueckre GpyHKIUU. DTO IPEKIE BCETO TeMIleparypa, AaBjieHue,
VABTPA3BYK, HIEKTPUUECKUH TOK, DJIEKTPUUECKUE U MATHUTHBIE OIS,
pasnuyHoe (hU3NIecKoe COCTOSHUE BOABI B MUTATEIbHBIX Cpelax, Ma-
JIbIe 1031 paiualyu.

Haunbonee n3yueHHbIM (akTOpoM SBISIETCS TeMmIeparypa. 3Ha-
YUTENIFHO PEXE AJISl YCKOPEHHUS MPOLECCOB OMOCHHTE3a UCTIONB3YIOT
JaBIICHHE.

Kak mpaBuino, mo3utuBHbIN 3P QeKT oT parTopoB PU3HIECKOTrO Xa-
pakTepa HabIrOHaeTcs TUOO0 Mociie KPaTKOBPEMEHHOTO BO3JCHCTBUS
Ha MHUKpOOHBIE KJIETKH, OO MOCie UX BO3JICHCTBUS B yMEPEHHBIX
no3ax. Tak, mon BausHUEeM ynbTpasByka (Y3) cpeaHeil HHTEeHCHBHO-
CTH HaKoIJIeHHEe OMOMAacChl M CKOPOCTh Pa3MHOXKEHUS IPOXKEH poaa
Saccharomyces 3ametHo noseimaercsi. [lonoonas 00paboTka KynbTy-
paJIbHON JKUAKOCTH COMPOBOXKIAIACH 3aMETHBIM IOBBIIIEHHEM Opo-
JUIIBHBIX CBOMCTB XJ1€00MEKapHBIX APOXIKEH M YBEIUUCHHUEM BBIXOa
KOHEYHOTO MPOIYKTA.

JocTtaroyHo r1yOoKo M3y4eHO JAECHCTBHE IMEKTPUUYECKOTO TOKa Ha
pOCT M Pa3MHOXEHHE MUKPOOPTaHM3MOB. BEHISBIECHBI 3aBHCHMOCTH
MEKIY CHIIOH TOKa U CKOPOCTBIO Pa3MHOMXKEHHS, AJIEKTPONPOBOJUMO-
CTBIO Cpeibl KYJbTUBUPOBAHUS U BO3ACHCTBYIOIINM HAMIPSKECHUEM.
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CTUMYTHPYIOIIMM JefiCTBHEM 00JIalaeT TaKKe HMITYJIbCHOE
anekTpudeckoe mose. [pudeM u 31ech mapaMeTpbl POCTOBBIX AP Qek-
TOB TOJHOCTBHIO 3aBUCST OT BHJIA MHKPOOPTaHU3MOB M YCIOBHHA HX
KyJBTHBUPOBAHUS. AKTHBHO BO3/ICHCTBYET HA POCT U Pa3MHOKEHHE
KJICTOK MArHUTHOE TOJIe PA3TUUHON MOIIHOCTH. [Tpn 3TOM GHOXHUMHU-
YyecKkass aKTHBHOCTh MHKPOOPTAaHM3MOB 3aBHCUT OT BEJIMUYHHBI U Ha-
MPAaBJIEHHOCTH MTOTOKA.

ITpuBnekaeT BHUMAaHHE WCCIIEAOBATENIeH W AICKTPOMATHUTHOE
MoJjie, TaKKe CIOCOOCTBYIOIIEE YCKOPEHHOMY POCTY MHUKPOOPTaHH3-
MOB U U3MCHEHHIO X ()ePMEHTATUBHON aKTUBHOCTH. Tak, mocie 00-
pabotku aposcokeit B mose CBY ux OpoanibHas aKTHBHOCTH BO3POCIa
B 6,6 pa3. B To ke BpeMs1 yBeIHUCHHE THAMA30HA HICKTPOMArHUTHOTO
MOJIs TYOUTENLHO BIUSCT HA MUKPOOPTAHU3MBI.

VIMeroTest CBEICHUSI O CTUMYITUPYIOeM BIusHUNA YO u3nydeHus,
KOTOPOE, 0 MHEHHIO HEKOTOPBIX aBTOPOB, YCKOPSET OMOCHHTETHYEC-
ckue mporiecchl. OHAKO ClIeyeT UMETh B BHIY, uTO Y® ny4n OKa3bl-
BAIOT U MyTareHHOE JICWCTBHE HA MUKPOOPTAHU3MBI.

CTUMYTHPYIOT POCT MUKPOOPTAaHM3MOB U MAJIbIC 03Bl paHaIlHH.
DKCIEPUMEHTHI Ha BUPYCaxX, OAKTepHsx, BOIOPOCISIX W TprbOaxX Mmo-
Ka3ajgd CTUMYJIHPYIOIIYIO POJb OOMyUEHUsI, KOTOPOE BBIPAXKAIOCh B
YCKOPEHUH MHTO3a, COKPAIICHUH BPEMEHU T€HEPAIUU U YBEITUUCHUH
OHMOMAcCCHI.

Buonozuueckue cmumynamopol pocma MUKDPOOPZAHUIMOG.
CTUMYISTOPBI POCTA OMOIOTHUECKON MPUPOJIBI, KaK MPAaBHIIO, SIBIIS-
FOTCSI CJTIOXKHBIMU COCTHHEHUSIMU C ITMPOKUM CHEKTpoM jeiicTus. K
HUM OTHOCSITCS BEIIIECTBA, COACPIKAIIUECS B PACTUTEILHBIX U KUBOT-
HBIX OKCTPAKTaX, a TAKXKE B aBTOJIN3aTaX MUKPOOPTaHu3MoB. [Ipupo-
JIa MX BO3/ICHCTBUS HA MUKPOOPTAHU3MbI BO MHOTOM OCTAeTCS HEU3-
BeCTHOM. J[oKa3aHo, 4TO JIUIIb B HEKOTOPBIX U3 HUX CTUMYIHPYIOIIAs
AKTHBHOCTH 00YyCJIOBJIEHA OHUM U3 (haKTOPOB — JHOO COJepIKaHUEM
BUTAMHHOB, JTUOO HHU3KOMOJICKYJIIPHBIMU COCTHHEHUSIMUA HEOETKO-
BOW MPHUPOBI. XOPOUIMMHU CTHMYJISITOPAMU POCTA SIBISIOTCS DK30-
TeHHBIC HyKJIeas3bl. VIMEIOTCS TakkKe CBEACHHS O CTUMYJIHPYIOIIEM
3¢ QeKTe pasIuUHBIX OTXOJO0B CETbCKOXO3SICTBEHHOTO, MHUINEBOTO,
MHUKPOOHUOIOTHYECKOTO ¥ APYTUX MPOU3BOACTB. C 3TOU TOUKH 3pEHHUS
HWHTEPECHBI Pa3pabOTKU 1O MCITOIb30BAHUIO OTXOI0B TMBOBAPEHHOTO
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NPOM3BOACTBA: OEITKOBOTO OTCTOSI, KOTOPBIN MOABEPTalOT THIPOIU3Y
CEpHOH KHCIIOTOW, BBITSDKKH U3 POCTKOB SIUMEHS, aBTOJIHM3aTOB OCTa-
TOYHBIX MMUBHBIX JIPOAIKEH.

B kauecTBe cTUMyNATOpa pocTa IPOXIKEH MOXKET MPUMEHSITHCS
OTXOJI ITPOM3BOACTBA OeJIKa U3 COEBOTO IIPOTA.

Xumuueckue cmumynamopusl pocma Mukpoopzanuzmos. Cpenu
CTUMYIIITOPOB XUMHYECKOU MTPUPOIHI MOXKHO BBIJICIHTH!

— TIPEeAIIeCTBEHHUKOB CHHTE3a MaKpPOMOJIEKYJNl U BTOPUYHBIX Me-
TaOOJINTOB;

— XMUMHYECKHE COCIMHEHHsI, HE SIBIISIOMINECS METa0oNIuTaMH, HO
CMOCOOHBIE CTUMYIINPOBATh CHHTETHYECKYIO H PENPOIYKTHBHYIO aK-
TUBHOCTb KJIETOK.

K nepBoii rpyrine oTHOCATCA HEKOTOpble aMUHOKUCIOTH. CTHUMY-
JHUPYIOT POCT U CHHTE3 (PEPMEHTOB I'MCTHINH, [TTyTaAMHHOBAsI KHCIIO-
Ta, IIUCTHH, allaHWH U JIpyTHE.

Ko BTOpOI#i rpynme MOXXHO OTHECTH THOOEpeITHHBl U ayKCHHBI.
Crumynupyroumid 3¢ dexT ruo0epeiTMHOB HaOII0AaeTCs He TOJIBKO B
pacTeHusX, HO U B MUKpoopranusmax. Tak, B koHuenrpamuu 0,01 %
OHH CTHMYJHUPYIOT BBIXOJI KOPMOBBIX JIPOXKKEW M COKPAIIAIOT BpeMs
HakoruIeHns: Onomaccel Ha 17-27 % B 3aBUCIMOCTH OT COCTaBa CPEJibl.
Dddext rudOeperinHa 3aBUCUT OT KOHIICHTPALUK COCIMHECHUS U Be-
JIMYUHBI 3aCeBa, MPHUYEM 3aBUCHMOCTD 3Ta HOCUT 00paTHO MPOMOPLH-
OHAITLHBIN XapaKTep.

Wunomunykcycuas kuciota (MYK), mmm retepoaykcnH, oopasyeT-
Csl B pe3yabTare KU3HECSTeNbHOCTH APOXIKEH, TpUOOB U OaKkTepuil.
Panee UYK ucnonb3oBanu TOIbKO B celbCKOM xo3siicTBe. Ceituac
YCTaHOBJIEHO cTUMyHpyolee BinugHue YK Ha nenslil psg MuKpo-
OpPraHW3MOB, B TOM YHCJIE Ha CaxapOMHUIEThl. MeXaHu3M AeHCTBUS
MVYK noka He BBISICHEH, JI0Ka3aHO TOJILKO, UTO KMCJIOTA CBSA3BIBAETCA
¢ JJHK u PHK, npuyem KOIUYeCTBO CBA3aHHOTO MaTrepuaia 3aBUCUT
OT CKOPOCTHU POCTA KIIETOK.

J1J1s TIOBBIIIIEHUS] CKOPOCTH POCTA U BBIXOJIA APOMKIKEBBIX KYIBTYD,
B YAaCTHOCTH CaxapOMHIIETOB, HCIIONB3YIOT KAPHUTHH, THOO €ro mpo-
W3BOJIHBIE. DTO COEAMHEHHUE SIBISETCS MEePEeHOCUMKOM alleTHUIIBHBIX
TPy U3 UMTOIIa3MBbl B MUTOXOH/IPHH U B TO K€ BpEMsI CIIOCOOCTBY-
€T CHHTE3Y COCTUHEHUH, SBISIFOIINXCS MIPEIIIIECTBEHHNKaMU B 00pa-
30BaHUM OMOTHHA.
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Bricokoit ctumynupyroliei akTMBHOCTBEO 001a/1aeT p-aMUHOOCH-
3oiHas kucnora (ITABK). DT1o coenunenue sBiaseTcss OpeaiecTBEH-
HUKOM TETParuapooIueBOr KUCIOTHI, KOTOPAs CIYXKHUT KOPEPMEH-
TOM, YYaCTBYIOIIUM B IEPEHOCE OJHOYTIICPOJHBIX CAUHMUIIL, U SBISCT-
¢ IPELICCTBEHHUKOM IIUTOXPOMOB.

C nauana 70-X TOAOB MHTEHCUBHO M3y4aceTCsd BIUSHHUE HA MU-
KPOOpPraHW3Mbl TIOBEPXHOCTHO-aKTHBHBIX coenunenuit ([1AB),
CITIOCOOHBIX OKa3bIBaTh BO3JICHCTBUE HA IHEPreTUYCCKUI OOMEH
KJIETOK 4Yepe3 M3MEHEHHEe MEeMOPAaHHOTO MEXaHH3Ma MPOHHIIAEMO-
CTH, YTO B KOHEYHOM CYETE MPUBOJIUT K CTUMYIUPYIOLICH POCT aK-
TUBHOCTH.

[NoBbIeHus BBIXO/IA OMOMACCHI MOXKHO JTOOUTHCS MTyTEM MPUME-
HEHUS BOJOPACTBOPUMBIX KapOTUHOHUAOB, B YACTHOCTH, KpPOIICTHHA
uu kporuHa. [lpennonaraercs, 4To JeHCTBUE STUX XUMUUECKUX CTH-
MYJISITOPOB POCTA, SIBJISIOUIUXCS AKTUBHBIMU TIEPEHOCUUKAMU KHUCIIO-
poza, o0yCIOBICHO MX Yy4acTUEM B OKUCIHTEIbHO-BOCCTAHOBUTEIb-
HBIX IIpolieccax.

XUMUYECKUE U OMOJIOTMYECKUE CTUMYIIATOPBI IPUMEHSIFOTCSI 00-
Jiee MUPOKO, YeM (PU3NIESCKOE BO3JICHCTBHE HA KIICTKU.

OfHUM U3 MHUPOKO UCTIOIB3YEMBIX CPEICTB U3MEHEHUS (hU3UOIIO-
THYECKUX U TEXHOJOTHYECKUX CBOMCTB IPOXKKEH B MPAaKTUKE TUBOBA-
peHUsI, CIUPTOBOM, XJ1e00MeKapHOU, APOHKIKEBOI MPOMBINIICHHOCTH
SIBIISICTCSI MPUMEHEHHUE TaK HA3BIBAEMOTO «IIMTAHMS AJISL TPOACKEH».
Kpatkas xapakTepucTuka HEKOTOPBIX IMpEmapaToB MpPEICTaBICHA B
Taom. 1.

Tabmuna 1
XapakTepucTrka J00aBOK — «ITUTAHUS JUTSI IPOXKIKETD

HaumenoBanue npenapara/

CocrTaB npenapara
IIpousBoauTens perap

Cynbdar nnaka / Benmukooputanust | 98,5% remarnapara nuHKa
(ZnSO4x7H20)

Pomus symecur / Benmukooputannus | Cmech pocdara quaMMoHUS U Me-
Tabucynp(uTa Kanus

HUctexe / CHIA CMmech pocdara THaMMOHHS, CYITb-
(haToB MapraHIa U MUHKA
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Tuamun / UactutyT DHOMNOTHH,
Dpannus

Buramun Bl

Wctdnnn / Pymbrans

CMech HEOPraHMYECKHX BEIIECTB
(pochara muamMmoHwMsI, METAOKUCYITb-
¢ura xanusi, cyiabhaToB Maprasia

Y LUHKA), aMHHOKHUCIIOT (AJaHUHA,
JICUIIMHA, CepUHA), TUCIIePraHTa

AnkoreH / BenukoOpuranus

CMech aMMHOKHUCIIOT M BUTAMHHOB
rpynns B

Buramon Kom6u / I'epmanust

docdar TMaMMOHHS U THAMUH

Wuodepm / UucTUTYT DHOMOTHH,
Dpanuus

Cynbdar aMMOHHUS ¥ THAMHH

Buramon Vasrpa / I'epmanus

Cmech aBrosm3ara Jpoxokei, Goc-
(ara TMaMMOHUsSI U THAMUHA

Xaii-Bur / 'epmanus

CMech HEOpraHUYEeCKUX BEUIECTB
(pocdara nuammonus, cynbharon
Maprasia ¥ [[MHKa), BATAMUHOB
rpynisl B, aMHHOKHCIIOT U enToHA

HUcr-Bur / BenukoOopuranust

CMech HEOPraHUYEeCKUX BELECTB,
MHKPOAIIEMEHTOB (ITMHKA, MapraH-
11a, KaJusi, Maraus, Ho/a), BUTaMH-
HoB (B1, B2, B6, H), Mmuonno3ura,
MPOU3BOAHBIX BUTaMUHOB PP 1 BS,
AMUHOKHCJIOT

HWctnaiid sxcrpa / BenukoOpuranust

Cwmech 1enToHoB, 13 aMUHOKHCIIOT,
MUHEPAJIOB U 7 BUTAMHUHOB

[MTomorup s apoxoxeit / Bennko-
OpuTaHus

DKCTpaKT aBTOJIM30BAHHBIX JAPOXK-
JKEH C LIUHKOM U MEJBIO

depmusur B / Opannus

I/IHaKTI/IBI/IpOBaHHI)Ie JPOXIKHU, eI~
JIF0J1I03a 1 UHCPTHBIC 00010YKH

Dkerpa Xunep / Benukoopuranus

CMech HEOpPraHUYEeCKUX COJeH,
BUTAaMHHOB ¥ MUKPODJIEMCHTOB B
COYCTAHUH C TPOIHIICHITTHKOIbAITb-
THHATOM

Buramon CE / I'epmanus

®docdar muammonwus, BuTamMuH B1,
KIJICTOUHBIC CTEHKHU JPOXIKEH, TIeT-
JII0J103a

Bura®epm Ynerpa @3 / [epmanus

Jle3aKkTHBUPOBaHHbIE IPOXKIKH, (Hoc-
¢dar qmaMMoHus, BUTaMuH Bl
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[Ipenapatrbl ctocOOCTBYIOT CTUMYIUPOBAHUIO PA3MHOKEHHS U PO-
CTa APOXIKEH, MOBBILIEHUIO MX aKTUBHOCTH, YIYUILICHUIO TPAaHCIIOPTA
MUTATENIbHBIX BEILECTB U Jp. 3a cueT cOaIaHCUPOBAHHOMN MOJaYH MU-
HEepPaITbHBIX KOMIIOHEHTOB MIPOUCXOANT aKTHBAIUS ()ePMEHTOB JIPOXK-
ke, [IpucyTcTBHE B HEKOTOPBIX Mpenaparax APOXKIKEBBIX 000I0YeK
WIN BOJIOKOH LEJUTIONO3bI YIyYIIAeT MAacCOOOMEH MEX.IY KIIETKOH
U MUTATEIbHOW Cpeol, CrIoCOOCTBYET aacopOLMU TOKCHYHBIX VIS
JIPOIKEN BEILIECTB.

Hapsiny ¢ mogkopMKamu, BBIITYCKaeMbIMU B ITPOMBIIIICHHBIX Mac-
mradax, IpeIaraeTcs UCIOb30BaHUe U APYTHX CTUMYIISTOPOB H aK-
THUBAaTOPOB META00JIN3MA JPOAOKEH.

HcTOYHHKOM POCTOBBIX BEIIECTB U OMOCTUMYIISITOPOB JIJISI IPOK-
JKEH SIBISIETCS B OOJIBIIMHCTBE CIY4YaeB ChIPhE PACTUTEIBHOTO, PEiKe
JKUBOTHOTO, TIPOUCXOKACHUS, BKIIOYast THAPOOHOHTHI (B YaCTHOCTH,
MOpCKHe Bopopociu). [IoMrMo MCXOTHOTO ChIpbsl KaK TaKOBOTO, Ya-
CTO HMCTIONIB3YIOTCS OTXO/bI (MIIM TIPOIYKTHI UX MTepepaboTKM) pa3nnd-
HBIX OTpaciell MPOMBIIIICHHOCTH: COJOIOBEHHOH (BBITSDKKA

U3 COJIOZIOBBIX POCTKOB), MMBOBAPEHHOM (ITMBHAsI APOOHHA, N30bI-
TOYHBIE IUBHBIC APOXGKU U TOJIydaeMble U3 HUX IIperapaTsl — TUIPO-
JM3athl, PePMEHTOIN3ATI,

ABTOJIU3AThI, TIA3MOJIM3ATHI U T.1I.), CIIUPTOBOH (TIOCIEeCTTUPTOBAs
Oapna, rugponusHas 0apaa, OCTaTOYHbBIE IPOXKIKH), KpaXMaslo-Marod-
HOW (KYKYpY3HBI 3KCTPaKT, KapTO(EIbHBI COK), KOHCEPBHOU (Ka-
MYCTHBII 1 MOPKOBHBIN OTBaphl, BBDKMMKHU s10JIOK, IIMIIOBHUKA, ap-
Oy3a ¥ T.1I.), BHHOACIHICCKON (CeMeHa, KOXKUIla BUHOTPAIa), MOJIOY-
HOU (CHIBOPOTKA TBOPOXKHASI WIIM TOJCHIPHAs), YaHOH (3KCTPaKThI
W3 OTXOJIOB 4asi), MTUIleTiepepadarbiBaroIiell (MsIco-mepbeBas MyKa),
MPOLYKTHI U OTXO/bI IAHTOBOI'O OJIEHEBOJCTBA, CEJIbCKOI0 XO3AHCTBA
(3kcTpakT U3 (hacou, THIPOJIN3AT MIICHUIHON COJIOMBI U OTpyOel U
T.1L.) U Jp.

O0ecneynBaOT TEPMO- U OCMOPE3UCTEHTHOCTD, & TAKKE pa3BU-
THE 3aIIUTHBIX peaknui (MpenaganTauio) Ha CTpecc, MHTeHCUpUKa-
U0 KJIETOYHOTO OOMEHa JPOXIKEH IPUMEHEHHE XUMHUYECKUX aHAJIO-
roB MUKpOOHKIX ayToperyisitopoB C7-AOB, C12-A0B, otHocsmuxcst
K ankwiokcnOenszonam. C 3TOH e LENbI0 JIpyrue HCCIeqoBaTelIn
MPUMEHSIIOT IIEPEKUCh BOAOPO/a, BHEKIETOUHYIO menounyo PHKazy
(6axTepraTbHyIO WM ITAHKPEATHIECKYIO).
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Onurocaxapuj NMU3aMUH, SBISIOMIUNUCA TPUPOIHBIM AHTUBUTA-
MUHOM TTAaHTOTEHOBOW KUCJIOTBI, CIIOCOOCTBYET YBEIIMUCHHUIO CHHTE3a
OMOJIOrMYECKU aKTUBHBIX BEIECTB, B TOM YHCIIE U IIyTaTUOHA, CTH-
MYJIHPYOIIUX POCT KYJIBTYPBI C COKpAIICHUEM Jar-Ga3bl U HHAKTHBU-
PYIOIINX aHTUBUTAMUH.

B xauecTBe TOMOTHUTENBHOTO UCTOYHHUKA B IEPBYIO OUEpPEab MU-
HEpaJbHBIX BEUICCTB Pa3HbIC UCCIEAOBATENN MPEIaraloT UCIOIb30-
BaTh KaK MPUPOJTHOE ChIPhE — IIEOJIUTCOICPKAIIUE TY(bI U TIIHHUCTHIC
MUHEpajbl (CAMOCTOSATEIBHO WM COBMECTHO C APYTUMHU CTUMYJIS-
TOpaMH), KpEMHHUCTBIE TIOpoabl (ecok OapxaHa Capblkym), reoTep-
MaJIbHY}0 MHHEPAJILHYI BOIY HE(PEHOIBHOIO Kiacca, TaK U XUMHU-
YECKUE COCIUHEHUS — B BUE CoOjel (Cyab(haToB aMMOHUS, ITUHKA,
JKelesa, celieHa, XJIopuaa Kanus, ¢ocdara JTMaMMOHHS, HAHOYACTHII
MeH, IIMHKA, JKEeJIe3a) UM METaUI0OPraHUYeCKUX KOMIUIEKCOB (aK-
BAaKOMIIJIEKCOB: IIMHKA C TIIyTAMUHOBOW KUCJIOTOM, MarHus C acrapa-
TUHOBOM KUCIIOTOM, MapraHiia ¢ MCTHOHHUHOM, KaJblus ¢ (hocarom;
CEJICHOILIMCTEUHA).

[lIupokoe mpuMEHEHNE HAXOISIT OPTaHUYECKUE KUCIOThI, 0COOCH-
HO SIHTapHAasl KUCJIOTA, SBISIONIASICS MPUPOIHBIM META0OIUTOM KH-
BBIX OPraHMW3MOB, MOBBILIAIOIIUM YHEPreTHUECKUE U AaHTUOKCUIAHT-
HBIC BO3MOXXHOCTH KJIETKHU.

B kavecTBe aKTUBHBIX aHTHOKCHUIAHTOB (MHTHMOUTOPOB CBOOOJI-
HO-PaJINKaJIbHOTO OKHUCIEHUS) (PEHOIBHOM MPUPOJBI, 00JIaatonux
POCTOCTUMYIUPYIOIIUM JCHCTBUEM, MNPEIIaracTcsi HCIOIb30BaTh
(hE€HO3aHKUCIIOTY U €€ COJIM (HaTPUEBYIO, KAJTHEBYIO) MM UCTOUHUKU
MOMU(EHONBHBIX COSTUHEHUN — SKCTPAKThI apaiiu, OOJICTIHXU.

Cosznanue ONMarompusTHBIX YCIOBUH M JKU3HEICSATECILHOCTU
JIPOMKIKEBON KYJIBTYPBI BOBMOXKHO M Ha OCHOBE 3(PPEKTHBHOTO IMO/a-
BJICHUS MTOCTOPOHHEH JUIsl TAHHOTO TPOM3BOJCTBA MHUKPOQIIOPHI, B
YaCTHOCTH, JO0ABICHUEM B CyCIIO-IPOXKIKEBYIO CYCIICH3HIO KOJIJIOU]I-
HOTO PacTBOpPa HAHOYACTHI] cepedpa.

M3meHnenune coctaBa MUTATENBHOU CPEAbl MOXKET HATU HE TONb-
KO O0OraiieHueM KaKuMHU-JIM00 T00aBKaMu HEMOCPEICTBEHHO Mepe
npoBeicHueM (epPMEHTAIMK, HO M JIPYTHMH [IPHEMaMH, TIPUYeM Ha
0oJiee paHHUX CTAIUSX TEXHOJIOTHUECKOTO MPOIIeCcca: YaCTUIHOW WIIH
MIOJIHOM 3aMEHOI OCHOBHOTO MCXOAHOTO CBHIPhS HA HETPAIULIMOHHOE
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JUTSL ITaHHOTO TPOM3BOJICTBA (MCIONB30BaHUE aMapaHTa, TOMMHaMOY-
pa), 0OpaboTKOM CHIPbSI MEXaHMUYECKUM MM OMOXUMHUYECKUM CIIOCO-
Oamu.

W3menenue (pu3nonornyecknx, OMOXHUMHUYECKUX, TEXHOJIOTHYe-
CKUX CBOWCTB JPOXOKEH MOYKET MATH [0 TAaKOMY HalpaBJICHUIO, KaK
BKITIOUCHHE HETIOCPEICTBEHHO B MUKPOOHYIO KJIETKY KAKHX-TO XUMH-
YEeCKHX JIEMEHTOB (IIMHKA, ME/IU, o/a, celieHa).

[Tpumenenue n0OABOK CIOCOOCTBYET: YAYUIIEHHIO (DPU3UOIOTH-
YEeCKHX MOKazaTesel IPOsiKEeBOM KyIbTYPbl (KOJIMYECTBO KIETOK M0Y-
KYIOILIUXCSI, HeKU3HECTIOCOOHBIX, C 3aI1aCOM PE3EPBHBIX BEILIECTB), €€
TEXHOJOTMYECKHX CBOMCTB (OpOAMIBHON aKTUBHOCTH, (IOKYISLH-
OHHOHM CIOCOOHOCTH, CKOPOCTH COpa)KUBaHMS); MOBBIIICHUIO (ep-
MEHTAaTHBHOM aKTUBHOCTH KIJIETOK; IEPECTPOMKe HampaBICHHOCTH
o0MeHa BeleCcTB KIETOK (C KOHCTPYKTHBHOTO Ha HEPreTUUYECKUN U
HA000POT, a3pOOHOT0 Ha aHa’POOHBIN); afganTaluu APOXKIKEBOH MO-
OyJISUUN K HEeOJaronpusiTHBIM WM CTPECCOBBIM (DaKTOpaM Cpebl;
MHTEHCU(UKAUH TpoLieccoB OpokeHus (MoTpediaeHne caxapos, 00-
pa3oBaHKe CIUPTA, COKpAILlEHHE IJIUTEILHOCTH CTaINH ); U3MEHEHHIO
MoKa3aTesiei TOTOBOM MPOAYKINH (KOTMYECTBEHHOTO U KaY€CTBEHHO-
r0 COCTaBa BKYCOaPOMAaTHUECKUX BEILIECTB, YPOBHS O€30MacHOCTH.

1.1.6 BAnsiHne ou3nKo-xumMmm4yeckmx ¢aKTopoB BHELLHEN
CpeAbl HO SHepreTM4eCKnm MeTaboAnU3M APOXOKEN n
CUHTE3 KAETOYHbIX KOMMOHEHTOB

Temnepamypa BIuSeT Ha CKOPOCTh KJIETOYHBIX pEAKINH, MPH-
pomy MeTaboM3Ma, THIIEeBhIe TIOTPEOHOCTH M COCTaB OMOMACCHI, Ha
ypoBerb PHK, Oemnka, TUTUIHBINA M YIJICBOIHBIA COCTaB KJIETOK, Ha-
MpuMep, MpU OAHOM M TOM ke ckopocTu pocrta coiaepxanue PHK B
JPOXKIKaX TPU CHIDKEHUH TEMIIepaTyphbl YBETUYUBAETCS B HECKOJIBKO
pa3. B 3aBECHMOCTH OT TeMIiepaTyphl TaKKe KOJIeOIeTcs cofiepyKaHue
Oenka B Iposkokax. DTH U3MEHEHUS 00y CIOBIECHBI IPUPOIO JIMMHUTH-
pytomero cydcrpara. [Ipn moBbeIIeHnN TemMIepaTypbl CHIKAETCS CO-
nepykaHue HeHaChITeHHBIX KUPHBIX kuciaor (HHXKK). Tlostomy mpu
Mepexo/ie Ha HOBBIE TEXHOJOTHH TIEpe] HadalloM IpoIiecca TIIaBHOTO
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«TeILJIOro» OpOKEeHUsI BO3HUKIIA HEOOXOIUMOCTh M3MECHEHUS TEXHO-
noruu nonyuenus: YK u aspupoBanus cycia.

W3MeHeHue TeMIiepaTypbl pOCTa MOXKET OKa3aTh BIIMSHUE HA YCIIO-
BUE MPEBPALICHHUS TITFOKO3bI, T. €. HA XHMUYECKUH COCTAB KYJIbTypaslb-
HOW )uKOCTH. OTMEYAIIOCh, YTO C YMEHBIIICHUEM TEMIIePaTyPhl CHU-
JKACTCSI IKOHOMUYECKHUI KOA(DDUIIMECHT, paCCYUTAHHBIN 10 MarHHIO,
kanuio U Qocdaram, 4TO OOBACHSICTCS YBEIUYCHUEM COJCpPKAHUEM
PHK B 6uomacce. M3MeHeHue TeMIepaTyphbl 4acTO COMPOBOXKIACTCS
WU3MEHEHUSIMH MTOTPEOHOCTH MHKPOOPTaHU3MOB B (PAKTOpax pocCTa,
KOTOPBIC SBJISIFOTCSI, KaK MTPAaBIJIO, AaKTUBHOW 4aCThO0 (DEPMEHTOB.

VYcranosneHo, uto s S. cerevisiae npu temmneparype 38 °C mo-
TPEOHOCTH KJICTOK B TAHTOTEHOBOW KHCJIOTE 3HAUUTEIILHO MPEBBIIIA-
€T MOTPEOHOCTh JIPOXIKEH B 3TOM BHTAMHUHE, YeM IIPH TEMIIepaType
30° C.

TeMrieparypa BIUSECT TAK)KE Ha CHHTE3 BTOPUYHBIX METaOO0IUTOB,
YTO OCOOCHHO B2)XHO B NMHUBOBAPECHUU M BUHOMACIHH, MPHYEM 3TOT
MIPOIECC MOXKET OTIMYATHCS OT BIIMSHUS TEMIIEPATYPhl HA POCT H Pa3-
MHOXEHUE TPOAKIKEH.

CKOpOCTh XMMHUECKHUX PEaKIUH CBS3aHA C TEMIIEPATypOH, YTO
OTPaXCHO B YpaBHEHHUU AppeHHyca, KOTOPOEe MOCIE JIOrapupMUpo-
BaHUS IMEET CJICAYIOLINI BH/I:

InK = InA — E/RT,

rae K — cKopocTh peakiuu; R — ra3oBas nocrostHHas; 1 — abco-
JIIOTHAs TeMIeparypa; A — KOHCTaHTa, 3aBUCAIIast OT YacTOTHI 00pa-
30BaHUs aKTMBUPOBAHHBIX KOMIUIEKCOB PEAarupyroluxX COEAUHEHU;
E — xoHcTaHTa, Ha3bIBaeMask SHEPrUel akKTUBAIUU.

BBuay TOro 4ro CKOpoOCTb NMPOTEKAHMSI PEAKLMM B IPOKKEBOU
KJIETKE IIPEK/E BCETO OTPAKAETCS Ha YJIEIIbHOM CKOPOCTHU UX POCTA, a
BesnuuHbl A, E 1 R OCTOsIHHBIE, MOKHO CUMTaTh, uTo In u= f'(1/7).
OdeHb BaKHBIM SIBJISIETCS MMOKA3aTeNlb YHEPTUH aKTUBAIlUH, 3HAYCHNE
KOTOPOI'O IOCTOSIHHO B MPEAENIax ONTUMAIbHOW TEMIIEPATYPhI POCTa
JUISL KQXKI0TO BUJIa MUKPOOPraHMW3Ma, HO yBEIMYMBAETCS NPHU Iepe-
XOZIe K HU3KMM U BBICOKMM TeMIeparypam. Iloka3zaHo, 4To TeMmepa-
TYPHBIM JMana3oH pocta rpu0oOB, K KOTOPBIM OTHOCSTCS M APOXKIKH,
cocrtasut oxoio 30 °C.

77



Kak u temmneparypa, éeruuuna pH oxa3piBacT BIWSHHE Ha Me-
TabOJIM3M JIPOXKIKEH, YTO OTpakaeTcsl Ha BBIXOAE OMOMACCHI, CKOPO-
CTH pocCTa KJIETOK M CHHTE3¢ BTOPHYHBIX METa0OJHMTOB. 3HaueHHE
pH Bimsger Ha mpUpOAY KOHEYHOTO MPOAYKTA COpaKMBAHUS CaXxapoOB:
MpHu KUCHBIX 3HadeHusx pH oOpa3yercss STHIIOBBIA CIUPT, MPH IIIe-
JIOYHBIX — IJIMIIEPUH U YKCyCHas kuciora. [Ipu okcupatuBHOM MeTa-
Oonu3Me, Takke Kak U MPH TIIMKOJIN3E, HA CPEJe C caxapo30i OINTH-
MaJIbHBIM 3HaueHHeM pH MOXXHO cYHMTaTh TO, KOTOPOE CIIOCOOCTBYET
MIPOSIBIICHUIO MaKCUMAaJBLHOW aKTUHOCTH (PpykTodypaHo3umassl 4,6.
B comomoBom cyciie 3Ta BenMUnHA JIOMKHA COOTBETCTBOBAThH 3HAYE-
Huto pH s hepMeHTOB mepMeas, OCyHIeCTBISIONINX IEPEHOC Malb-
TO3BI U MAJITOTPHO3BI B KIICTKY.

Benuuuna pH Biusger Ha JUCCOUMALMIO KUCIOT U OCHOBaHHWM,
CJIEZIOBATENILHO, OHA OKAa3bIBACT BIUSHHUE HA MEPEHOC MUTATEIBHBIX
BEIIECTB BHYTPb KJIETKH, a TaKK€ HAa CTETIEHb TOKCHYHOCTH WHTH-
outopoB pocta. HemmcconmmpoBaHHbIe BENECTBa, HAPUMEp, Opra-
HUYECKHE KHCIOTHI, O0NafaroT 0oiee BHICOKOH PaCTBOPHUMOCTHIO B
JUNUAAX, YeM HOHU3UPOBaHHBIE (POPMBI, U MOITOMY CHIKeHHe pH
CrocoOCTByeT OOJbIIEMY MPOHUKHOBEHHIO KUCIIOT B KieTKy. Cieso-
BaTeJIbHO, YBEIMUCHHUE COJCPIKAHUS JIETYUUX KUCIIOT, KOTOpPBIC SIBIIS-
FOTCSl TIOKa3aTeeM KauyecTBa MENAacChl, OTPUIATEIhHO CKa3bIBAETCS
Ha WHTEHCHBHOCTH DPa3MHOXEHUS Apoxoked. Bemmumua pH Taroke
MOET BO3JeCTBOBATh Ha KOH(POPMALIHUIO MOJIEKY PEPMEHTOB U H3-
MEHSTh KaK TIEPBUYHBIN, TaK U BTOPHUYHBINA METa0OIU3M JIPOAIKEH.

[TokaszaTenb KOHLIEHTpAIMK BOAOPOJHBIX HMOHOB MOXET CyIlle-
CTBEHHO M3MEHSThCS B POIIeCcCe KYIbTUBHUPOBAHMSI, UTO OTIPEIIEIISeT-
cs1 OypepHOCTHIO MUTATENBFHBIX CPE: OHA MaKCHUMaJbHa ISl MeJacc-
HOTO CyCJIa CTaHJapTHOTO Ka4decTBa, 3aTeM HJIET COJIOJI0OBOE CYCIIO,
OYEHb CIIOKHO TIOJJICPKUBATh YPOBeHb pH TIpy KyIBTHBHPOBAaHUH HA
cuHTeTH4yeckoi cpene. CHmkenue pH n yBenuueHue THTpyeMoi Kuc-
JIOTHOCTH HanOoJee HHTEHCUBHO MPOUCXOAUT MPU adPOOHOM KYJIBTH-
BHPOBaHWU poxokei. [l Toro 9To0s! 3TOr0 M30eXkKaTh, HEOOXOTUMO
B TIpoIiecce KyJbTHUBUPOBAHUS JI03UPOBAThH BEIIECTBA, KOTOPHIE MOTYT
CTAOMITM3UPOBATh YPOBEHh M3MEHEHHs pH B jKelaeMbIX TpaHMIIAX.
OOBIUHO IS STOHM LETH NPH NPOU3BOJCTBE XJICOOTIEKAPHBIX JPOXK-
JKel ucrnonb3yercs ammuadnas Bona (pacteop NH+4OH) u oprodoc-
(dopHast KUCIIOTa, a TIPU MPOU3BOJICTBE MHBA — MOJIOYHASI KUCIIOTA.
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1.2 PACbl U LUTAMMbI APOXOKEW, NPUMeHsieMble Npu
NPOU3BOACTBE XA€BG0BYAOUYHbIX NUSAEAUN

Pacoif miM mITaMMOM HAa3bIBAKOT OTACIBHBIE PAa3HOBUIHOCTU
MHKPOOPTaHU3MOB B IIPEJIENIaX OHOTO U TOTO K€ BUA, pa3Inyaroy-
ecst Mexay coboil BTOpOCTENEHHBIMH MpHU3Hakamu. [Ipu 3ToM packel
HMMEIOT CTOMKHE BTOPOCTENEHHbIE MTPU3HAKH, a IITAMMbl HECTONKHU U
MOTYT OBITh YTPAYCHBI IPU POCTE Ha HOBOU cpene. [IpousBoacTen-
HBIE KYJIBTYPbI APOXIKEH JOKHBI 001a1aTh BBICOKOW YACIBHOM CKO-
POCTBIO POCTa U BBICOKOM aKTUBHOCTHIO (PEPMEHTOB, YTO OCOOECHHO
B)KHO MPU MHOTO(A3HBIX TEXHOJIOTHUECKUX PEKUMAX MIPUTOTOBIIE-
HUS xJ1e0a, TpelycMaTpUBaIOLINX JJIMTEIbHOE MPUTOTOBJIICHUE IIO-
nydpabpukaToB. OfHAKO HCHONB3yeMbIe Pachl M INTAMMBbI JAPOACKEH
OTBEUAIOT 3THUM TpeOOBaHUSIM B HEOJMHAKOBOW cremeHu. [lokasare-
JSIMM aKTHBHOCTH (DEPMEHTOB XJICOOMEKAPHBIX APOXIKEH SBIISCTCS
3UMA3HAA U MATbMA3HAA AKMUeHocmy. MeToauka OlpeneseHus
(hepMEHTHOW aKTUBHOCTH JPOXKXKEH OCHOBaHA Ha Y4YeTe BPEMCHHU, B
TEUEHHE KOTOPOTO CYCIEH3Us JPOKKEH BBIIEIUT 33JaHHOE KOJIHYe-
CTBO JAMOKCHJIA yIIIEpOJa U3 COOTBETCTBYIOLIEIO PACTBOpa caxapa —
TIIOKO3bl WIIM MajbTo3bl. KONHYEeCTBEHHBIM KPUTEPUEM aKTUBHOCTH
MaJibTa3bl, UM 3UMAa3HOTO KOMIUIEKCA, CIY)KMT BpeMsl B MUHYTax.
CymmapHasi cOpa)KuBaroIiasi ClioCOOHOCTh JIPONOKEH OIpeesIeTcs
UX HOOBEMHOU CUTIOUL.

[ITamMmbl ApOKsKEH, MPUMEHSIEMBIX B XJICOOMIEKapHOM MPOU3BO/I-
CTBE:

— paca Tomckas 7 XapakTepU3yeTCs YCTOMYMBOCTBIO K COCTaBYy
MEJIACCHBIX Cpel, TPeOOBaTENbHOCTBIO K POCTOBBIM BEILECTBAM, B
YaCTHOCTHM K BUTaMHMHaM. lIpeccoBaHHbBIE IPOAOKH, TIOTYUEHHbIE Ha
9TOH pace, 00aal0T CTOMKOCTBIO IPH XPaHEHUH, BHICOKOH — (pyK-
To(hypaHo3uIa3HON aKTHBHOCTBIO, HO cla00i O-IJTFOKO3MIa3HON aK-
TUBHOCTBIO (MaJIbTa3Hasi akTUBHOCTB Oonee 160 MuH};

— paca Opecckas XapakTepU3yeTcsi BHICOKON T€HEPATUBHOW aK-
THUBHOCTBI0. J[pOXOKH, YCTONUHBEI K BBICYIIMBAHUIO, B IPECCOBAHHOM
BUJIE CTOMKHM NP XpaHeHUH. ManbTazHas akTUBHOCTb COCTaBISET 95
MUH, 3uMazHas — 45 muH. KynbTypa TpeboBarenbHa K cOCTaBy MUTa-
TEJILHBIX cpell, 0COOCHHO K POCTOBBIM BeliecTBaM. biaronapst Bbico-

79



KOU ypoxaiiHOCTH U (DepMEHTATUBHOM aKTHBHOCTH OHA HaIJIa IUPO-
KO€ pacripoCTpaHEHHE B MPOMBIIIJIEHHOCTH U CIYKUT OCHOBOM JJIs
CEJIeKIIMH HOBBIX ILITAMMOB;

— wramm JI-441 xapakTepusyercsi BHICOKOM MPOJYKTHBHOCTBIO,
cOpaxxuBaeT padPUHO3Y, yCTOWUHMB K BPEIAHBIM IPUMECSM U MaTOTEH-
HBIM MUKpPOOpPraHU3MaM, UMEET BBICOKYIO YAEIbHYIO CKOPOCTh pOCTa
1 00ecreurBaeT MOJy4YeHHUE TOBAPHBIX XJIEOOTIEKAPHBIX APOXIKEH ¢
BBICOKMMH TIOKa3aTeNsIMU KauecTBa: MojgbeMHas cuia — 44-45 muH,
MaJbTa3Has akKTUBHOCTb — 92-95 MUH, CTONKOCTh IpU TeMIepaType
35°C — cBbime 96 u;

— mramM f-1 obnagaer BEICOKOM reHepaTUBHON aKTHBHOCTBIO
YCTOMUMBOCTBIO K MMOBBIILIEHHON TeMnepaType BelpamuBanus (37-38°
C), 4TO O4YEeHb BaYKHO ISl 3aBOJIOB, HAXOJAIIMXCS B I0XKHBIX paifoHax
CTpaHbl. 3UMa3Hast aKTUBHOCTb — 32-44 MuH;

— paca KueBckas He TpeboBarenbHa K POCTOBBIM BEILIECTBAM, XO-
pOLIO MEPEeHOCUT BBHICYIIMBaHKE, 00nagaeT xopouel 3uMa3zHon (60
MUH) ¥ ManbTa3Hoi (100 MHH) aKTUBHOCTBIO.

Ha 6a3e BbICOKOIPOAYKTHBHBIX Pac U IITAMMOB BBIBEACHBI HOBBIE
BUJBI, KOTOPBIE XapaKTepHU3YIOTCs Oojee BBICOKMMHU MOKazaTesIMH
KayecTBa:

— rubpuansle pacsl 176, 196-6 1 262 oTBeyaroT 0CHOBHBIM Tpebo-
BaHMSM, IPEABSIBISEM K MPOU3BOJCTBEHHBIM APOXIKAM (MasbTa3Has
aKTUBHOCTb — 65-75 MUH, 3uMa3Hasi — 42-57 MUH, BBICOKast CKOPOCTb
pocTa), 1 PeKOMEHIOBaHBI [l HCIIOIBb30BaHUs B MPOMBIIIJICHHOCTH.
Paca 262 pexomeH10BaHa AJIs IOTY4YEHUS CYLIEHBIX APOXKKEH;

— HOBBIE mTamMMEI 739, 743, 608, 616, 722 oTan4yaroTcs BHICOKOM
AKTUBHOCTBIO (DEPMEHTOB.

BriBenen mramm JIB-7, ucnons3yemslii Juist IPOU3BOACTBA IIPeEC-
COBAHHBIX M CYyHIEHbIX Apoxoked. llItamm XxapakrepusyeTcsl MOBBI-
HIEHHOH YCTOMYMBOCTBIO K MPUMECSIM MeNlacchl U MUKpoduiope, WH-
¢$unupyomen ApoxsKeBoe MPOU3BOACTBO, OTINYAETCS TOBBILICHHON
MIPOAYKTUBHOCTHIO KOHIIEHTPALIMEH TPErano3sl.

[Htamm aposkxein 616 ncronb3yeTcs A MIPOU3BOICTBA CYIIIEHBIX
JPOXOKEH, XapaKTepu3yeTcsl BBICOKOH aKTUBHOCTBIO (PEPMEHTHBIX CH-
cTeM Jpoxokeil. ManbTazHas akTUBHOCTB APOXKEW cocTasisieT 67
MHH, 3UMa3Has — 55 MuH.
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[ltamm 722 oTinyaercs Xopolield MajabTa3Hoi (54 MUH), 3UMa3-
HOI (43 MUH) aKTUBHOCTbIO, TOJILEMHOHN CUIOW (46 MUH) U OCMOUYB-
CTBUTENHLHOCTHIO (5-10 Mun). [lITamm 739 xapakrepusyeTcst BRICOKOH
MPOAYKTUBHOCTBIO, MIOBBIIIEHHOW ()epMEHTHOI aKTUBHOCTHIO. J[poxk-
KU MTOJTHOCTBIO COPaKUBAIOT TITFOKO3Y, (PPYKTO3Y, caxaposy, MaJIbTO3Y,
padduHO3y, ranakro3y. 3uMa3Hasi, MalibTa3Has aKTUBHOCTH W IO]Ib-
eMHasl cuJjia IPOXKEH COCTaBISIOT COOTBETCTBEHHO 54, 61 u 56 MuH,;

— mramMMm apoxokeld Saccharomyces cerevisiae 39/15 obmagaer
XOpolel OpoAHIIbHON aKTHBHOCTBIO, €0 IPUMEHEHHUE ITO3BOJISET CO-
KPaTUTh TPOODKUTEIIBHOCTh OPOKEHUS TECTa HA 35 MHUH;

— JJI MPOU3BOJACTBA CYUICHBIX APOXOKEH HMCIONb3YeTCs IITaMM
Saccharomyces cerevisiae 93, o0nagaronuii BBICOKOH MPOAYKTHBHO-
CThI0, aKTUBHBIM KOMILJICKCOM (PEpMEHTOB. 3UMa3Hasi aKTUBHOCTH CO-
craBiseT 45 MuH, MallbTa3Has — 53 MUH;

— ruOpuaHbli mramm 512 momyden ckpemuBanueM pacsl XII u
mramma Saccharomyces diastaticus, SIBIsSIeTCSI TPUITIONAOM H Xapak-
TEPU3YETCsl MOBBIIICHHBIM CUHTE30M BUTAMHUHOB J[ (3procrepuna) —
2,8; B1-34; B2-20; B6-46, PP — 36 (Mkr/knetka). [Tokazarenu 3umas-
HO, MaJIbTa3HOW aKTUBHOCTH U OCMOUYYBCTBHTEIBHOCTH COCTABJISIOT
70, 200 1 14 MHH COOTBETCTBEHHO;

— IITaMM 5 MOJIyYeH B Pe3yJIbTaTe CKPEIIMBAHUS KICTOK IITaMMa
JPOXOKEH «SI0M0YHBII-3%, TPUMEHSIEMOTo JUIsl COpaKUBaHHS 0J104-
HOTO COKa, ¥ Tamma 722, UCIIOJIb3yeMOr0 B IPOU3BOACTBE CYIIEHBIX
XJIeOOTMEeKapHBIX IpOXoKel. OTIHMYUTENLHOM 0COOCHHOCTBIO IITaMMa
SIBJISICTCS BBICOKAsl OpONMIIbHAS aKTUBHOCTB. [loKa3arenu 3uMasHoi,
MaJbTa3HON aKTUBHOCTH M OCMOYYBCTBUTEIBHOCTH COCTABIAIOT 85,
95 1 15 MUH COOTBETCTBEHHO;

— 1mTaMM 69 Moyy4yeH B MPOLIECCe CKPEIIUBAHUS PaCchl IPOAIKEH
«JIxamOynbckas-60» u mramma 10, BEIICTICHHOTO U3 CYIIEHBIX JIPOXK-
kel (paniry3ckoro mpousBojacTBa. OH 001aJaeT BHICOKOW CKOPOCTH
pocTa, 3UMa3HOW M MalbTa3HOW aKTUBHOCTBIO COOTBETCTBEHHO 45
MuH U 80 MUH, a TAK)K€ YCTOWYHBOCTBIO K ITOBBILICHHOH TeMIIepaType
(40-45°C).

B prkaHBIX 3aKBacKax BCTPEUYAIOTCS MTPEJCTABUTENH JIPYrOro BUa
pona Saccharomyces — npoxku Saccharomyces minor. ITo MeNKue
JIPOXKOKU KPYTJIOW MIIK CJIETKAa OBajbHOW (JOPMBI, BIIEPBbBIC BBIICIICH-
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Hble U onucaHHble B 1872 . DHrenem. OHM cOpaKMBalOT U yCBau-
BAIOT IIIOKO3Y, DPYKTO3Y, caxaposy, ranakrosy, paddunosy, ne copa-
JKUBAIOT M HE YCBAaWBAIOT JIAKTO3Y, KCHIIO3Y, apaOMHO3Y, IIMLEpPHUH,
MaHHHT, HE PacCIlEIUIIIOT KpaxMall M KJIeTdaTKy. XapakTepHas 0Co-
OEHHOCTH AaHHOTO BHUJA 3aKIIOYAETCS B TOM, YTO OH HE COpaskuBaeT
1 HE yCBaWBaeT MaJbTO3y M IPOCTbIE NEKCTPUHBL. TemmeparypHbIi
onTuMyM coctaBiser 25-28°C, moBsllieHue TemnepaTrypsl 10 35°C
yraeraeT kieTkd. poxoku Saccharomyces minor omimyarorcst 007b-
1Iei KUCIOTOyCTONYHBOCTBIO (XOPOIIO Pa3BUBAIOTCS IPU KUCIOTHO-
ctu 14-16 rpag u pH 3,0-3,5) u ciupToycTORYNBOCTBIO, B OTIIMYHE OT
Saccharomyces cerevisiae.

B Canxr-IlerepOypckoli nabopatopuy TEXHOJOTHH JIPOMKIKEH
BHUUIIBT co3mana koyuieKiusi, KOTOpas HacUMUThIBaeT Ooinee 96
ITaMMOB OTEUECTBEHHBIX M 3apYOCKHBIX MY3eHHBIX KyabTyp. Koi-
JIeKIMs KyJAbTYp TpenHa3zHaueHa JJisi CHaOKEeHUsS! APOAOKEBBIX 3aBO-
JIOB TIPOM3BOJICTBEHHBIMHU KYJBTYpaMH M OO€CIleueHHs YUYECHBIX HC-
XOJIHBIM MaTepuanoM Jis CEJIEKIHMOHHMPOBAHUS HOBBIX ILTAMMOB.
B Hacrosiiee Bpemsi MpoaoHKaloTcsl paboThl IO BBIBEACHUIO HOBBIX
HITAMMOB JPOAOKEH C MPUMEHEHHEM COBPEMEHHBIX METO/OB: MH]Y-
OUPYyEeMOro MyTareHesa, rHOpUAM3aluy, aJanTaldd. JTO CIOCO0-
cTByeT 3()(HEKTUBHOM CEJIEKIUHN YHCTBIX KYJIBTYP MHUKPOOPTaHU3MOB
C 3aKpeTJICHHBIMU KaueCTBEHHBIMHU PU3HAKAMH, HEOOXOJUMBIMH IS
peanu3ayy COBPEMEHHBIX TEXHOIOTUI MIPUTOTOBIICHUS XJ1€000y10u-
HBIX U3JICTIHH.

1.3 MOAOYHOKUCAbIE 6aKTEepUn

MoJOYHOKHUCITbIE OAKTEPUH SIBIISTFOTCS TOCTOSTHHBIMY CITY THUKAMH
MYKH, IPOXIKEH, MOJIOUHBIX MPOAYKTOB ¥ Jip. OHHM OKa3bIBAIOT BIUSI-
HUE Ha BKYC, apoOMar M yCBOsSEMOCTh xj1e6a. CrIoCOOHOCTH MOJIOUHO-
KHCIIBIX OaKTepHii 00pa30BhIBATH MOJIOYHYIO KHCIOTY OOBEIUHSACT UX
B OTJICJILHYIO TPYIIITy MUKPOOPTaHU3MOB, KOTOpAsl MO MPaKTUIEeCKOM
3HAUUMOCTH 3aHHMAET OJTHO M3 TIepBBIX MecT. CyIeCTBYeT HECKOIBKO
KIaccU(pUKAINN MOJIOYHOKUCIBIX OAKTEpHid, OCHOBHBIC U3 KOTOPBIX
npemnoxensl Kaymcenom, Cenmubepom, Ilmuxepom, Ayapmanom. Bee
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MHUKPOOPTaHU3MbI, BBI3BIBAIOIINE MOJOYHOKHCIOE OpOXKEeHHUE, MOJ-
pasneIsitoTes Ha JiBe OOJbIIKe TPYyIIbl: ToMO(epMEHTAaTHBHBIC U Te-
TepodepMeHTaTuBHbIC. [ OMOpepmMenmamugnple MOJIOUYHOKUCIIbIE
0aKkTepru BBI3BIBAIOT OPOXKEHUE C 0Opa30BaHMEM MOJIOYHOW KHCIIO-
Tol. I'emepoghepmenmamuenvie MOIOYHOKUCIIBIE OAKTEPUH KpOME
MOJIOYHOH 00pa3yrT YKCYCHYIO, SI0JIOYHYIO, TMPOBUHOTPAIHYIO, STH-
TapHYIO U JIPyTHe KUCIOTHI, 3TAHOMI, TUOKCH yriepona u ap. [1o oT-
HOUICHUIO K TeMIeparype OakTepuu JeNAT Ha 3 TPYIIIbL:

— ncuxpoduisl — TeMieparypHsiid ontumyM — 10 oC;

— Me30(uIBl — TeMIeparypHblii onTuMyM — 30 oC;

— tepMo¢ Bl — TemneparypHbiid ontumyM — 50-70 oC.

1.3.1 Mopdonaorms 6aKTepUAAbHON KAETKHN

MOJIOYHOKHUCIIBIE OAKTEPUH — 3TO MPSAMBIC MMAJOYKU PA3ITUIHBIX
pasMepoB OT KOPOTKHUX (2-5 MKM) 10 MIUHHBIX (12-15 MKM) mmpruHO#
0,5-1 MKM ¢ 3aKpyIJIEHHBIMH KOHLIAMH. Pacroio;keHbl OHU OJUHOYHO,
MOMAPHO WJIK HEOOJBIIMMU 1ICTIOYKaMU. MOJIOYHOKHUCIIbIE OaKTepun
OOBIYHO HEMOJBMKHBI, PA3MHOMKAIOTCSI MPOCTHIM JICIICHUEM, Yallle
BCEro crop He 00pa3yroT. bakTepranpHas KiIeTKa MOKPHITa MEIKOIIO-
pUCTOT 000ITOYKOH, COCTOSIIEH U3 OETTKOB U yIIIEBOJIOB, IIOBEPX KOTO-
poli uMeeTcs Cu3ucTas 000JI0YKa, Ha3bIBaeMast KarCyJnoi.

Oébonouxa 6axrepuii coctapisiet 20-30% oT cyxoit Macchl KIETOK
1 00JIalaeT MOCTATOYHON MEeXaHWYIeCKOW MPOYHOCThI0. OHa ompere-
nseT GOopMy OpTraHM3Ma, 3alIUIIAET ero BHEITHUX BO3JEHCTBHMN, TIPO-
HUIaeMa IS COJISH M IPYTHX HU3KOMOJEKYIISIPHBIX BEIECTB U UTpa-
€T BOXHYIO POJIb B 0OMEHE BEIECTB MEX/Iy KIIETKON U OKpYKaroIien
cpenoi.

Humonnazmamuueckaa memoépana, npuiieramIias K KJI€TOYHON
CTEHKE, COJIEPIKUT pa3zHoOoOpa3Hbie (EpMEHTHI, PUHUMAIOIINE aK-
TUBHOE y4acTHe B MeTabou3Me OaKTepuid, a TaKKe JIMMTUBI U OCIIKH.
BHyTpu KileTka 3anoiHeHa Yumonaamoil, CoCTosIEd B OCHOBHOM
n3 OenmkoB. B muToruta3Me pacronararorcs HyKJI€OTH, pUOOCOMBI U
ME30COMBI.
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Aopo BHINONHSIET OPraHU3YIOLLYIO POJIb, YIPABISET )KU3HEHHBIMU
npoleccaMy KIETKH, PeryIupyeT OOMEH BEIECTB, pa3MHOKEHHE, SIB-
JsieTCsl HOCUTEJIeM HaceCTBEeHHON HH(OpMAaLUH.

Pubocompi sIBISIOTCS LIGHTpaMu CUHTe3a Oelka. B mesocomax co-
nepkarcsi pepMeHTbl OKHCIUTEIbHO-BOCCTAHOBUTEIBHOTO JACHCTBHS
1 TIPOMCXOMAT PHEpreTHUecKue npoueccel. PesepBHbIe BeliecTsa, Ha-
KaIyIiBaeMble B TIPOLIECCE JKUZHECATEIBHOCTH OaKTEpUH, JTOKAIN3Y-
I0TCSl B BUJI€ 3€PEH BOJIIOTHHA.

1.3.2 MOAOYHOKUCAOE BpOXKEeHne

TunmyaHoe comoghepmenmamugnoe MOIOIHOKHUCIOE OpOXKEHHE
MOYKHO BBIPA3HTh B CIIEAYIOIIEM BH/IE:

C 6 H1206 — 2CH3CHCOOH

TTIIOKO3a MOJIOYHAas KUCJI0Ta

[Ipu cemepogpepmenmamugnom MOIOUHOKUCIOM OPOKEHUHU 00-
pasyloTCsl HECKOJIBKO OpraHuueckux BemiecTs. CyMMapHOe ypaBHe-
HHUE COpaKMBaHUS TIIIOKO3bI:

2C6H1206 — CH3CHCOOH + COOHCH2COOH +
+ CH3COOH + CH3CH20H + CO2+ H2

[JIF0KO3a2 — MOJIOYHAsI KHCIIOTa + SHTapHasi KUCIIOTa +yKCycHast
KHCJIOTa+ 3TUJIOBBIN CIUPT +ANOKCUA yIiepoa + BOTOPO.

[Tpu romodepmenTaruBHOM OposkeHHu obpasyercst 85-90% mo-
JIOYHOW KUCIIOTHI, TP reTepoepMeHTaTUBHOM — 0Kouto 20-40%.

MonoyHOKHUCIIbIe OaKTepUH SBISIOTCS (PaKyIbTaTUBHBIMU aHad-
poGamu. M3 yriieBogoB OHM IPEUMYIIECTBEHHO COPaKUBAIOT T€KCO3BI
u nucaxapuabl. [erepodepMeHTaTUBHBIE MOJIOYHOKHCIBIE OaKTepHH
n Hekoropsle Buabl Lacfobacillus plantarum cOpaxuBatoT TEHTO3BI.
CornacHo COBPEMEHHBIM IPEICTABICHUSIM T'OMO- H TeTepodepMeH-
TaTUBHBIE MOJIOYHOKHCIbIE OaKTepHU OTIMYAIOTCS MO MEXaHH3MY
cOpakuBaHMsl YIIEBOJOB. lomModepMeHTaTHBHBIE BUABI COAEPIKAT
(depMeHT anpaonasy, HO JHIIEeHbI neHTo30(ocokeTonaspl. B cBszu
C ATUM MOJIOYHOKHUCIJIOE OpPO’KEHHE MPOTEKAeT MO IIMKOIUTUYECKON
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cxeme OMmOaeHa-Meiieproga. I'erepodepMeHTaTHBHBIE BUIBI MOJIOY-
HOKHCIIBIX OakTepuil copepkar neHTo30(pocdokeTonasy, HO OTCYT-
CTBYIOT aJIbJ10J1a3bl M TPHO30-(hochaTnzomepasbl, HOITOMY pacilerie-
HHUE YIIEBOAOB MPOUCXOIUT UCKIIOYUTENLHO N0 MeHTo30(ochaTHo-
My IyTH. OTU OakTepuu cOpaXKMBAIOT TaKKe MEeHTO3bl. CIIOCOOHOCTH
HEKOTOPBIX MOJIOYHOKHCIIBIX OakTepuil cOpa’kuBaTh MEHTO3bI UMEET
OTpeeNICHHOE TEXHOJIIOTHUECKOE 3HaUCHHE TPH OPOKEHUH PIKAHBIX U
PKaHO-TIIEHUYHBIX MONy(abpHKaTOB, KOTOPBIE COAEPKAT 3HAYMMOE
KOJIMYECTBO TEHTO3aHOB M MPOAYKTOB MX THUAPOIH3a. AKTHBHOCTBH
MOJIOYHOKHCIIBIX OakTepuil MmposiBisieTcs Haubonee MHTEHCHBHO B
CI1abOKHUCIION cpelie U Uil OONBLIMHCTBA UX BHJIOB ONTHMANbHAs aK-
TUBHAsI KUCIOTHOCTH cpeabl cocTtasinsieT pH 5-6. B nomydabpukarax
XJIeOOTIEKapHOTO MPOU3BOACTBA OakTepuu akTuBHBI mpu pH 3-3,5.
[ToBbIlIEeHHOE OCMOTHYECKOE AaBIeHUE (TIPH KOHIEHTPALUK caxapa B
cpene 6onee 15% u conu Gosee 6%) BbI3bIBACT CHHKEHNUE HHTCHCUB-
HOCTH MOJIOYHOKHMCIIOTO OpokeHUsl. BbIcokue KOHLIEHTpaluy CrupTa
(mo 18-24%) He OKa3BIBAIOT OTPHIIATEIILHOTO JICHCTBUS HA KU3HEIC-
ATEIILHOCTh OaKTEPHIA.

1.3.3 PACbI U LUTAMMbI MOAOYHOKUCABIX 6AKTEpUn,
nPUMeHsieMble B XAe60oneKapHOM MPOU3BOACTBE

K MOI04HOKUCIIBIM OaKTEepUsSIM OTHOCSTCS IPEICTABUTEIH POJIOB
Leuconostoc, Streptococcus, Lactobacillus. TlpencraBurensimu poja
Lactobacillus ssnsrorcs: Lactobacillus delbrueckii, Lactobacillus
plantarum, Lactobacillus casei, Laktobacillus brevis, Lactobacillus
fermenti. Bun Lactobacillus delbruckii oTHOCUTCS K MOATpYIIIE TEp-
MoOakTepuii. XapakTepHON 0COOCHHOCTHIO OAKTEpPUIl TAHHOTO BHUJIA
SIBIISICTCS. CITIOCOOHOCTh COpakuBaTh IVTFOKO3Yy Oe3 00pa3oBaHUS JU-
okcuja yrieposaa. OnTumaneHas Temneparypa pocra — 45-50° C. U3
JIPYTUX YTIEBOJOB OHU COPaXKMBAIOT Caxapo3y, MaJbTO3Y, I'aJlaKTO3y,
HO HE COpaKUBAIOT JIaKTO3Y, paduHo3y, NekcTpuHbl. bakrepun Tpe-
0oBaTeNbHBI K COICPIKAHUIO B CPElie a30TUCTBIX coequHeHuid. OHU
XOPOIIO Pa3BUBAKTCS B MYYHBIX CpellaX W 001a/aroT OOJBIION WH-
TEHCUBHOCTBIO OOpA30BaHMS KHUCIOTHL. DTOT BHJ OAKTEPHHl HIUPO-
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KO MCIIONIB3YIOTCSl B XJI€0OMEKapHOM MPOU3BOJCTBE NPU BBIBEICHUH
KUnkux apoxokeid. [ltamm 30-1 oTnMyaercs: MOBBILIEHHOH aluIo U
TEPMOTOJIEPAHTHOCTBIO MPH KUCIOTHOCTH OT 17 10 22 rpaj u Temiie-
parype 48-70° C. Mcnonp30BaHue 3TOroO IITaMMa MO3BOJIIET COKpa-
TUTH IPOAOJKUTEIBHOCTD 3aKBALIMBAHU 3aBapKU 10 6 4 ¥ IOBBICUTD
CoZepKaHKe B HEH IIIOKO3bl M aMUHHOTO a30Ta. 3aKBacKa MPH 3TOM
MUMeeT NPHUITHBIA MEeJOBO-10J0UHBIN apoMar.

[Hramm 30-2 monydeH myTeM BbIpamuBaHus KynbTypsl 30-1 Ha
cpene, coleprkaiieil MOJIOUHYIO CHIBOPOTKY. LlITaMM ycTOMYMB K KO-
nebanusaM temneparypsl ot 40 go 60°C u kucnorHoctH ot 10 1o 20
rpaa. I[IpomomKuTensHOCTh MPUTOTOBICHHS 3aKBACKH COKpAILAeTCs
710 4,5-5,0 4.

tamm 40 monydeH oOiayd4eHUEM YIbTPa(UONETOBBIMU JTyd4aMH
C MOCTIEAYIOUIMM CEIeKIIMOHUPOBAHUEM Ha CpeJie, B COCTaB KOTOPOH
BXOJUT HATPUI TUMOHHOKHCIBIA. OH OTIIMYaeTCs] HHTEHCUBHBIM KUC-
JI0TOOOPa30BAHMEM M TMOBBIIICHHBIM CHHTE30M apoMaroOpa3yromuii
BEIIECTB (aleTaIbIeTuaa U JUaleTHiIa).

[lramm JI-76 kpome Mono4HOM KuCIOTH 0Opa3syet 0,5% ykcyc-
HOU KHCIOTHI. KynbTypa BellTycKaeTcst B BUAE CYXOro JJAKTOOAKTEepH-
Ha. [Itammer 30-1, 30-2, 40 cenexuuonuposansl B [locHUUXII, a
mramm /I-76 — B Cankr-IlerepOyprekom punuane l'ocHUUXII.

Bun Lactobacillus plantarum npuHayiie:;xuT K romopepMeHTaTHB-
HBIM BUAAM U3 MOATPYHIbI crpentobakrepuid. L. plantarum wurpaer
OCHOBHYIO POJIb B IIPOLIECCE KUCIOTOHAKOIUIEHUS! TIPH TIPOU3BOJICTBE
MIIEHUYHBIX M PKaHBIX 3aKBacok. L. plantarum cOpakuBaeT MHOTHE
caxapa, B TOM YHMCIie MajJbTo3y U caxaposy. OH TpeOyeT Al CBOEro
pasBuTHsl Oorarble cpelbl, CoAepiKallue pasHOOOpa3HbIE YITIEBOADI,
BUTaMHHBI, aMUHOKUCIIOTHL. ONITUMaJIbHAs TEMIIepaTypa AJsl ero pas-
Butus 30° C. OTnuyaeTcst CIUPTOyCTONYHUBOCTBIO, BBIJIEPKHUBASI KOH-
uenTpamuio crupta 10 20%.

Bun Lactobacillus casei 0THOCUTCS K TIOATPYIIIE CTPENTOOAK-
TEpHUH U SIBISIETCS TOMO(EPMEHTATUBHBIM 110 XapakTepy OpoKeHusI.
ITo MopdonoruueckuM, KyabTypaabHbBIM U (PU3UOIOTHYECKUM MPH-
3HaKaM OH O4eHb OnMu30K K L. plantarum. B npexnenax Buga L. casei
pasnuuaroT Tpu noasuaa: L. casei var. casei, L. casei var. thamnosus
u L. casei var. alactosus. IlepBbie ABa M3 HUX OTIAMYAIOTCS TEM, YTO
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MOTYT pa3BHBAThCS MpH Oosee BBICOKOH Temmeparype — 1o 45°C,
gyem L. plantarum. baktepuu Buga L. casei oOHapyXeHBI B 3aKBacKax
U TeCTe U MPUHUMAIOT yYacTHE B KUCIOTOHAKOIUIEHUH Moy hadpu-
KaToB.

Bakrepun Buna Lactobacillus brevis sBASIOTCS TeTepoepMeH-
TaTuBHBIMU. OHHM cOpa)XMBaeT MaJlbTO3y, caxaposy, rajakrosy, apa-
OMHO3Y, HYXKIaeTcs B THaMHHE U QonneBol kuciaote. OnTumanbHas
Temrneparypa pocra Oakrepuid — 30°C, HO OHM MOTYT PacTH W NPH
Oonee Hu3kux Temmeparypax (15° C). OTnenbHble IITaMMBI TaHHO-
ro Buja xopoio passusatotrcs npu 34-37° C. Bun L. brevis, kak u
L. plantarum, siBisieTcst cieMUUIHBIM [UIs PKaHBIX U MIIEHHYHBIX
3akBacok. [IpoayKkTe! MX Opo’KeHHsI IPUHUMAIOT yyacTue B GOpMHUpPO-
BaHMHM BKyca M apomaTta xJeoba.

Bun Lactobacillus fermenti siBnsercsi rerepodepMEHTATHBHBIM.
OTnuuuTenbHas 0COOCHHOCTh 3TOTO BHJIA — BBICOKHMH TeMIeparyp-
HBIH onTUMyM pocta — B mnpenenax 37-40° C. Ilpu 15° C pocr He
HaOmonaetcs. L. fermenti yacto BcTpedaeTcs B 3aKBacKax U sIBISIETCS
cneun(pUIHBIM 7151 XJIeO0TIeKapHOTo MPOU3BOICTBA.

Bomnpocs! Aj1st CAMOKOHTPOJIA:

1. OCHOBHEBIE THIIBI OpOKEHUS?

2. U3 kakux MOpQOJOTHYECKHX YaCTeH COCTOHUT APONIKEBas
KJjieTka?

3. Kakue ¢usmnonormueckne W3MEHEHHs] MOTYT TPOMCXOIUTH B
JIPOMOKEBON KIIETKE TIOJT BO3ACHCTBHEM BHEITHUX (DAKTOPOB?

4. Kakue THIIBI )KU3HEACATEIHPHOCTH MOTYT IIPOSBIISITH XJebore-
KapHBbIE IPOAOKH B 3aBUCUMOCTH OT YCIIOBUM NUTATENbHOHN cpebl?

5. O6psacuaure 2 dekr [lactepa.

6. Kakne ¢epMeHTHI IpOXOKEH MPUHIMAIOT Y4acTHE B CIIUPTOBOM
OposkeHnH?

7. B ueM CcyIIeCTBYET pa3aIuume MEX1y pacoi U ITaMMOM MUKPO-
OpPraHu3MoB?

8. Kak Ha3bIBatoTCsl 1Mokazareiu KauecTBa JAPOAGKEH, XapaKkTepu-
3YIOIIHE aKTUBHOCTh UX ()EPMEHTOB?

9. Kakum 06pa3zom mmompasaesiioT MOJIOYHOKHCIIBIE OaKTepHH 10
UX OTHOILEHUIO K Temneparype?
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10. Kakum 00pa3om moapasaesisitoT MOJIOYHOKHUCIIBIE OAKTEPHH 110
BHJIaM MIPOAYKTOB, KOTOPBIE OHU MPOAYLUPYIOT?

11. CymHOCTb CHUPTOBOTO OPOXKEHUS?

12. CyuiHocTh MOJIOYHOKHUCIIOTO OpOXKEHUS?

13. Kakue Turbl OposkeHUs TPOUCXOAST B monydadpukaTax Xje-
OOIEKapHOTO MPOU3BOJICTBA, KPOME CIIMPTOBOTO M MOJIOUHOKHCIIOTO
OpoxxeHust?

88



TEMA 2: APOXXOKWN XAEBOTMNEKAPHbBIE KAK
PELLENTYPHbII KOMMOHEHT TECTA

TexHonoruvyeckas poib XJIe00NEKapHBIX IPOKIKEH, T00aBISIEMBIX
IIpU 3aMece TecTa, 3aK/I0YaeTcsl B BbIICICHUU AMOKCHUIA yIIIEpoJa,
Pa3phIXJIOLIEro TECTO U MPUIAIOILEI0 €My IIOPUCTYIO CTPYKTYpY, a
TaKXKe ITUIIOBOTO CHHUPTA U MPOMEKYTOUHBIX MPOIYKTOB OpOKEHUS,
OKa3bIBAIOIIMX BIMSHHE Ha CBOMCTBA TeCTa M NPUHHMMAIOLINX y4a-
cTe B JOPMUPOBAHUH BKyCa M apoMara U3/IeIni.

2.1 Buabl XAe60NeKApHbIX APOXOKEN U X CBOMCTBA

st mpurorosieHus: xjaeOOOYyJOUYHBIX H3ACIUNA HPUMEHSIOTCS
JPOXOKU XJIeO0NeKapHble IPECCOBAHHbIE, CYIICHBIC, JKUIKUE U TPOXK-
KEBOE MOJIOKO. [Ipeccosanuvle TPOXOKU — 3TO TEXHUYECKH YHCTast
KynabTypa apoxoked Saccharomyces cerevisiae, copMupoBaHHas B
OpHKeThI BIAXXHOCTBIO 67-75%. Kynprypa BelpamuBaercsi Ha CreLu-
AJIbHBIX MHUTATEIbHBIX CPEAAX IIyTEM IIOCTOSHHOIO HAKOIJICHUs! OHO-
Macchl MAaTOYHBIX M 3aCEBHBIX APOXIKEH B YCIOBUSX MHTECHCHBHON
a’paliu cpelbl 10 MOJIYYEHUs] TOBAPHBIX JPOACKEH MpeccoBaHHEM
WIN BaKyyMHpOBaHHEM. B 1 r mpeccoBaHHBIX IPOXOKEH COmEpKUTCS
10-15 MapAa. KIETOK.

Cyuenvie IPOXIKH — 3TO BBICYILICHHBIE [IPECCOBAHHBIE IPOXKIKH 1O
BIaxHOCTH 8-10% npu onpeneneHHbIX yenoBusx. X BeipabaTsiBatoT
U3 MPECCOBAHHBIX JPOACKEH, KOTOPbIE XapaKTEPH3YIOTCs MOBBILICH-
HBIM COZIEPYKAHHUEM CyXHUX BEILECTB U Tperanosbl. CylleHble IPOsKU
C BBICOKMM COJEp)>KaHHUEM TPETaslo3bl U HU3KUM COICPKAHUEM CBO-
00HOI0 aMMHAaKa 3HAYUTEIIBHO JOJIbILE COXPAHSIOT CBOIO OMOJIOTH-
YECKYIO aKTUBHOCTb. VX IPUMEHSIIOT [OCIIe NpeaBapUTEIbHON peru-
naparauud. OfHAKO 3TH APOXIKH MUMEIOT MOHM)KEHHYIO OpOAMIIBbHYIO
AKTHUBHOCTb JJa’Ke I10CJIC aKTUBALMK B MyYHOH cpezie ¢ 100aBiIeHIEeM
caxapa, 1 I03UpOBKa UX B JIBa pasa BBIIIE, YEM IIPECCOBAHHBIX.

HUncmanmuvle APOXKKU — BBICOKOAKTHBHBIE CYIICHBIC IPOMKIKH.
TexHoNOorus MOMYyYeHUsI 3THX IPOAOKEH HpenycMaTpuBaeT IMpHUMe-
HEHHE OIPEICICHHBIX IUTAMMOB CaxXxapOMHIIETOB U COBPEMEHHBIX
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ycIoBUi KynsTuBUpoBaHUs. Kpome Toro, HeoOX0JMMO BHECEHHE B
JIPOYOKU Tiepel BHICYIIMBAHUEM 3allUTHBIX 100aBOK (aHTHOKCHAAH-
TOB) — aCKOPOMHOBOW KHCJIOTHI, TOBEPXHOCTHO-AaKTUBHBIX BEILECTB
WIN 3MYJIBraTopoB, 3aIIMIIAIOMINX KIECTOUYHBIE CTEHKH U MeMOpaHBbI
OT MOBpEKACHUH. J{pOX>Ki MHCTaHTHBIE, YIIaKOBaHHbBIE B aTMocdepe
JUOKCHJIA YIJIEpo/ia MM a30Ta MO BaKyyMOM B Ta30HEIPOHHULIAEMbIE
MOJMMEPHBIC TJICHKH, COXPAHSIOT CBOM CBOHCTBA B TEUEHHUE 2 JIET.
Bbraronapsi BBICOKOIIOPUCTOW CTPYKTYpE 3TH IPOXIKH HCIONB3YIOT
0e3 mpenBapUTEIBHOTO pazMadMBaHus (peruaparanmun). JIposxoxn
WHCTAaHTHbBIE PEKOMEH/1yeTCs UCIIOIb30BaTh MPpHU 0€30MapHOM H YCKO-
PEHHBIX crioco0ax MPHUIOTOBICHHS TECTa C COACpP)KaHHEM caxapa M
xkupa 7% u 6osee k Macce Myku. COOTHOILIEHHE pacxoa MHCTAaHTHBIX
JPOYOKEH M PeCCOBAaHHBIX COCTABISIET HE MeHee 1:5.

Hpoorcocesoe monoko — mnoiyhaOpUKaT APONOKEBOIO IPOU3-
BoAcTBa. OHM TPENCTAaBISAIOT COOOM BOAHYIO CYCIEH3MIO KIETOK
Saccharomyces cerevisiae, MOTy4eHHYIO B Pe3yJIbTaTe Pa3MHOKECHUS
UX B KyJIbTypaJIbHOU cpelie, CryILeHHs Ha ceraparope, BhIACIeHNs Ha
BaKkyyM-(uiIbTpax uian GuiIsTp-mpeccax. [Ipu XpaHeHHH IpOKKEBO-
ro MOJIOKa 0oJiee CyTOK MPOUCXOIAT MOTEPH NPOAYKTa. DTO CBA3aHO
C TeM, 4TO KJIETKH MPOAOIKAIOT OCYIECTBIATh JbIXaHUE, UCTIONIb3YS
3amacHble yIJIeBoAbl. B pesynbrare yMeHbIIaeTCsl Macca KIETOK, 4TO
BE/IET K CHI)KEHHIO KOJIMYeCcTBAa OMOMACCHI.

JKuoxue xnebonexapmuvie Opodicocu — nonydadpukar xiaedonexap-
HOT'O NIPOM3BOACTBA, IPUTOTOBICHHBIN HA 3aKBAaLICHHOW 3aBapKe s
XJ1e00MeKapHOro MPOU3BOJCTBA ITyTEM Pa3MHOKEHHS B HEel Xiebore-
KapHBIX ApoxoKed. My4HyI0 3aBapKy 3aKBallIMBAIOT TEPMO(HIIbHbI-
MU MOJIOYHOKHCIIBIMU OakTepusimu Tuna Lactobacillus delbrueckii, B
KOTOPOH 3aTeM BBIPAIIMBAIOT APOXKH BUAa Saccharomyces. B 1 mu
KUIKUAX Tposoked comepxutes 70-120 miH. KneTok. /pooicoicu 0s
2omoswvix cmeceti (PEMUKCOB) CIIOCOOHBI XPaHHUTBCS MPH AOCTYIE
KHCJIOpOJia U BIIATH, a Takke He TPeOyIoT MpeABapUTEeIbHON THApa-
Tanuy. TakuMHu CBOMCTBaMH JPOXOKU 00JaJaroT M3-3a 0COOEHHOTO
CTPOCHUS 3alIUTHBIX I'paHyl, HMEIOIINX CIECHHATIbHYI0 000I0UKY M
XapaKTEePU3YIOIUXCSI BHICOKOH MOPUCTOCTBIO CTPYKTYPBI, YTO CIIO-
COOCTBYeT OBICTPOMY PAacCTBOPEHUIO I'paHyll B moixydadpukarax xie-
0OTeKapHOTO POU3BOICTBA.
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Hezaxmueuposannvie Opodcocu He 007agaroT cOpakMBaroIIeH
CHOCOOHOCTBIO, HO HMMEIOT (EPMEHTATUBHYIO AaKTUBHOCTb. OTH
JPOYOKHU SIBIISIIOTCS] HATYPAJIbHBIM YIYUIIHTEIEeM BOCCTAHOBUTEIHHO-
To JeHCTBUs AT TeCcTa, KOTOPOMY HEOOXOANMO MPUAATH ANACTHYHBIE
CBOWCTBA M YBEJIMUUTH PACTSDKUMOCTB. XJieOomekapHasi pOMBIIUICH-
HOCTBh HCIOJB3YET TaKKe MPECCOBAHHBIC APOXIKH, IMONyUYCHHBIE Ha
CIMPTOBBIX 3aBOAAX, TIepepadaThIBAIOIINX CBEKIOCAXAPHYIO MENaccy.
OTH APOXIKH HHTEHCUBHO OPOIST B HAYaJbHOM CTaIMH IIPUTOTOBIIE-
HUSI TECTa, B PEUENType KOTOPOTo HE MPEILyCMOTPEH caxap. 3aTeM
BBIJICJICHHE TUOKCH]IA YIJIEPO/a PE3KO CHIXKAETCsl, 0COOCHHO Ha cTa-
JMH PACCTONKHU. DTH APOXKIKH UMEIOT HU3KYI0 aKTUBHOCTH (pepMeHTa
0-TJTEIOKO3HJ1a3bl, KOTOpast 00yCIIOBIIEHa CBOMCTBAMH YUCTBIX KYJIBTYP
M UX CIIOCOOHOCTBIO aJalTUPOBATHCS K ManbTo3e. D(PPEKTHBHOCTD
NPUMEHEHUS Pa3IMYHBIX BUJOB IPOXOKEH 00yCIOBIMBACTCS UX (DU3HU-
OJIOTHYECKUMHU, OMOJIOTHYECKUMH M TEXHOJIOTHUECKUMH CBOHCTBAMH.

[Ipu mpon3BOACTBE M MCIIOIB30BAHUN XJICOOHEKAPHBIX IPOMIKEH
YUUTBIBAIOTCS CIIEIYIONINE X CBOHCTBA!

Tepmomonepanmuocms — CIOCOOHOCTb JPOXCKEH COXpaHsTh
CBOIO JKM3HEACATENILHOCTD B CPEax ¢ BHICOKOH TeMITEPaTypOi.

Ocmomonepanmnocms — CIIOCOOHOCTD POMOKEH OCYHIECTBISTh
CIUPTOBOE OPOYKEHUE MPHU MOBBIIICHHBIX KOHIEHTPALUSIX XJIOPUCTO-
ro Harpus (okouo 2% Kk Macce MykH) u caxapa (6oneel0%). Ocoben-
HOCTH OCMOTOJIEPAHTHBIX JPOXOKEH 3aKITIOYalOTCsl B HU3KOM COJEP-
xanuu B-ppykrodypano3unasel, cioCOOHOCTH CHHTE3HPOBATH Tpe-
rago3y M TIUIEPHH, YTO MO3BOJISIET CHU3UTh OCMOTHYECKOE JIaBICHUE
¥ KOMIICHCHPOBATh MOTEPH BHYTPHUKICTOUYHOH BOJIBI.

Kpuomonepanmuocmes ApoXKed — YCTOHUMBOCTH JAPOXKKEH K
BO3JEHCTBUIO X0nona. [podoku MoilycyxXue 3aMOpOKEHHBIE TMpe.-
Ha3Ha4YeHBI JUISI IPUMEHEHHS B TEXHOJIOTHUH OBICTPO3aMOPOKEHHBIX
TECTOBBIX MONy(HhaOpUKaTOB ISl OYJOUHBIX M CIOOHBIX n3aenuid. Co-
Jep’KaHUe CyXMX BEILIECTB B ATUX JAPOXKAX cocTaBisieT 75-77%. B
npoliecce MpOr3BOACTBA APOKIKEH MOCIE CYIIKH UX 3aMOPaKHUBAIOT,
YTO MpHUIAET UM OONBLIYIO CTA0MIBHOCTH MPH XpaHEHUH. poxiKH,
YyBCTBHUTEJIbHBIC K XOJIOY, XapaKTePU3YIOTCSI Ype3BbIUAiHO HU3KOU
(epMeHTaTHBHOW aKTUBHOCTBIO B TEMIIEpaTypHOM JHana3oHe oT 4 10
12°C u cTrangapTHOM akTUBHOCTHIO Tipu Temnepatype 30-40° C. Dto
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MO3BOJISIET MCIONB30BaTh UX Ul PUTOTOBJICHUS TECTa, NpeaHa3Ha-
YEHHOT'O /ISl PO3HUYHOW TOPTOBIH. TecTOBBIE 3aTOTOBKH, IPUTOTOB-
JICHHBIE C UCIIONb30BaHUE ATUX APOXIKEH, MOTYT XPaHUTHCA B Teue-
HUE HEeCKOJIbKUX THEeH mpu temieparype 3-7°C.

Kucnomomonepanmnocms ApOXKEH — CIIOCOOHOCTb APOXIKEH
COXPaHSATh CBOIO JKU3HEJEATENBHOCTD B CPElax, UMEIOIUX BBICOKYIO
KHUCJIOTHOCTD. [Ipy NPUTOTOBIEHUM KUIKUX APOXOKEH M Pa3THIHBIX
BUJIOB 3aKBACOK, MCIOJIB3YIOT KHUCIOTOYCTOHUUBBIC ITAMMBI JPOXK-
JKEeH.

Jpoorcorcu, yemotiuugole K nponuonamy Kaabyus, XapaKTepU3y-
IOTCSl TIOBBILIEHHOW KHCJIOTOTOJNEPAHTHOCTBIO M aJalTUBHOCTBIO K
TECTY, IPUTOTOBJICHHOMY C J00aBICHHEM MPONHMOHATA KAJbIHS KaK
CpeAcTBa NpenoTBpalleHus kaprodenbHoi 0one3H X1e0oneKapHbIX
U3ICTIU.

[TponomKUTENBHOCTh U TeMIlepaTypa OposkeHus noiydadpuka-
TOB SIBJISIFOTCSL BOXKHBIMHU (PAKTOpPaMM, ONPEACISIFOIIMMH KOJTHYECTBO
IPOXOKEH W MX aKTHBHOCTB. [IpH COKpameHnn npofobKUTENbHOCTH
nporecca OpoKeHHsI TeCTa KOJIMYECTBO IPOACKEH yBEITMYMBACTCS.
CymecTByeT mpsiMasi 3aBUCUMOCTb M@Ky TeMIleparypoii OposkeHHs
W ero MHTEHCHBHOCTBHIO: MPU TOBBIIIEHUU TeMIeparypsl oT 25 1o
35°C UHTEHCUBHOCTb OpOKEHHs yBEIMYMBAETCS IPUMEPHO B 2 pasa.
Jlis AOCTHKeHHST ONTUMAJIbHBIX CBOWCTB TECTa, MPUTOTOBICHHOTO
0e30mapHbIM M ONapHBIM CIIOCOOOM, M MOJY4YeHHUs! XJieba BBHICOKOTO
KauecTBa, UMEET 3HAYCHUE BBICOKAsh MaJibTa3Hasi aKTMBHOCTD JPOXK-
e, B mponecce OposkeHus: omapbl, MPOAOHKUTEILHOCTE OPOKEHHSI
kotopoit coctapmusieT 180-240 MuH, IPOUCXOTUT adaNTaLMs APOKIKE-
BBIX KJIETOK K COpa)XKMBaHHIO MajibTO3bl. [109TOMYy MHTEHCHBHOCTBH
ra3oo0pazoBaHusl B TECTE, NPUTOTOBJICHHOM OIMApHBIM CIIOCOOOM, B
3HAUUTEIBHO MEHBLICH CTENeHU 3aBUCHT OT MCXOJHON MalbTa3HOU
AKTUBHOCTH JPOXOKEH O CpaBHEHHUIO ¢ Oe30mapHbIM criocodom. O0-
11asi MpOIOKUTEIBLHOCTh CO3pEeBaHMs MONy(haOpHKaTOB B YCKOPEH-
HBIX TeXHosIorusAx cocrapiusieT 70-100 MuH, HO3TOMY HHAYLIMPOBaHHE
0-TJTFOKO3M1a3bI APOACKAMHE, KOTOPOE HAYMHACTCSI KaK MPaBUIIO Yepes
70-90 MuH OT Hauyasa mporecca OpOKeHHsI TECTa, HE MOXKET SIBIISITh-
Csl TMMUTHPYIOMIMM (PaKTOPOM TEXHOJIOTHUECKOro mpouecca. Kpome
TOro, PEKOMEHJYeTCd HCIOJIb30BaTh YCKOPEHHBIE TEXHOJIOTUU IPU
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MIPOU3BOJICTBE U3JEHHM, B PELENType KOTOPBIX MPETyCMOTPEHO HE
MeHee 2% caxapa.

KonuuectBo apoxokel 3aBUCUT OT COCTABA PELETITYPhI, TITABHBIM
00pa3oM, OT KOJIMYECTBA caxapa U XKHUPOBBIX MPONYyKTOB. Caxapo u —
JKUPOCOJICpKAIIUE MPOAYKTHI BIUSIOT Ha (DEPMEHTATUBHYI aKTHB-
HOCTh Jipoxokedl. [Ipy BHeceHMM caxapa-Tiecka B KOJHUYECTBE Oolee
7% K Macce MyKH B T€CTE€ HAUMHAIOTCSI MPOIIECCHI MIa3MOJIN3a IPOXK-
JKEBBIX KJIETOK, BBI3BIBAIOIIECTO CHIXKEHUE UX KUZHEEATECILHOCTH.

JloGaByieHne B TECTO >KMPOBBIX MPOAYKTOB B KOJUYECTBE OoJjiee
5% BBI3BIBACT CHMKECHUE ra3000pa30BaHUs, TaK KaK JKUP 0OBOJIAKH-
BaeT MOBEPXHOCTH JIPOAOGKEBBIX KIETOK, YTO 3aMEIISIeT WM OCTa-
HABJIUBACT MPOXOXKACHUE MUTATEIBbHBIX BEIIECTB YEPe3 KICTOUHYIO
o0omouky. [ToaTtomy B perientype CIOOHBIX U3ICIIUN PEIYCMOTPEHO
YBEJIUUCHHUE KOTUYECTBa Ipoxckei 1o 4-6% Kk macce MyKH U BBefe-
HUE B TEXHOJIOTUYECCKUH MPOIIeCC ONepaliuu OTCI00KU TecTa, mpe/-
yCMaTpHBAOIIEH BHECEHUE caxapa U )KHPOBBIX MPOIYKTOB B BHIOPO-
JKEHHOE TECTO.

2.2. TIoKa3aTeAn Ka4eCcTBa XAe60neKapHbIX APOXKEN
M CrocoObl UX YAYYLLEHUS

B MupoBoii npakTHKe TEXHOJIOTHYECKHE CBOMCTBA IPOXIKEH o1e-
HUBAIOTCS 10 PAa3IUYHBIM MOKa3aressiM, HanloJiee BaKHbIE U3 KOTO-
PBIX OCHOBBIBAIOTCS Ha ONPENENICHIH UX ()epMEHTATUBHON aKTHBHO-
CTH.

JeiictByromuii B Hactosiimee Bpems B Hamel crtpane ['OCT P
54731-2011 «dpoxxu xnebomnekapHble MPECCOBaHHBIE» pPErIaMeH-
TUPYET CJeIyIoINe M0Ka3aTeNId X KauecTBa!

— OpraHoJenTtuueckue (BKyc, IBET, 3amax, KOHCHUCTeHLIU);

— (usuko-xumMHuuecKkue (BIaXHOCTb, MOABEMHAsI CHJIA, KHCIOT-
HOCTB B JICHb BBIPA0OTKH U Yepe3 12 CyToK XpaHeHHsI, CTOWKOCTh MPH
XpaHECHUH).

TexHonornyecknue cBOMCTBa JPOKKEH OLIEHMBAIOTCS MO TOKa3a-
TENI0 HOOBEMHOIL CUTbL — TIPOJIOJIKUTEIBHOCTH MOIbEMA TECTA, MPH-
TOTOBJIEHHOTO 110 CTaHJApPTHOM pelentype, Ha ONpeeIeHHYIO BBICO-
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Ty. [logbeMHast cuiia He MOXKET CUUTAThCS IOCTATOYHO OOBbEKTUBHBIM
MoKaszareseM, aJleKBaTHO OIICHUBAIOIIUM aKTHBHOCTh BCEX (PEPMEHT-
HBIX CHUCTEM JIPOKIKEBOU KIIETKH, B TOM YUCJIE AKTUBHOCTB 0. — IJIFOKO-
3unassl. CrienuanucTaMu APOsKIKEBOM MPOMBIIIUIEHHOCTH TPEI0KEH
psia cIOCOOOB OMpEENICHNsI CBOWCTB XJICOOMEKAPHBIX JPOAOIKEH 110
aKTUBHOCTH MX (DEPMEHTAaTMBHOIO KOMIUIEKCA. DTH CIIOCOOBI Tpe-
YCMaTpUBAIOT OINPEACIICHUE 3UMAZHOU U MAIbMA3HOU AKTUBHOCTU
npoxoked. Ilokazarenn mogbeMHOM CHJIBI M 3UMAa3HOM aKTUBHOCTH
XapaKTePU3YIOT IO CYIIECTBY OJIMH U TOT JKe MPOIECC — COpaKMBaHUE
[JIFOKO3bl 3MMAa3HBIM KOMIUJIEKCOM JpoxkeBOoM kieTku. [lokazarens
aKTUBHOCTH 3UMAa3HOTO KOMIUIEKCA JIPOAOKEH XapaKTepu3yeT Crocoo-
HOCTh (JEpPMEHTOB OCYIICCTBISTh MPEBpAIlEHUE TIOKO3bI U (PPYK-
TO3bI B CIIUPT M JUOKCHUJ yIJIEPOJa M HE YYUTHIBACT COpaKUBaHUE
MasibTO3bl. HanpapieHne u CKOpOCTh OMOXUMHUECKHUX PEaKIUil, BbI-
3BIBAEMBIX JIPOXIKEBBIMU KIIETKAMH, MOTYT IMOJIBEPTaThCs dOANmMuG-
HoMY pe2yauposanuio. JIJisk IPOAKKEBBIX KIIETOK XapaKTEpPHBbI [1Ba TUIIA
ajanTauu:;

— MPUCTIOCOOICHUE MaKPOMOJICKYJISPHBIX KIETOK, IMPH KOTOPOM
HU3MEHAETCS KOJIMYECTBO YK€ UMEIOLIMXCS TUIIOB MAKPOMOJIEKYJI, Ha-
npumMep, pepMeHTa O-IIIFOKO3HU1a36I;

— mpuUcnocoOIeHne Ha (PYHKIIMOHAILHOM YPOBHE, KOTJa H3MEHe-
HUE YPPEKTUBHOCTH MAKPOMOJIEKYJISIPHBIX CUCTEM, B UaCTHOCTH (hep-
MEHTOB, HE CBSI3aHO C U3BMEHEHUEM UX YHCIa.

Apnanrtanus BTOpOTo TUIIA XapaKTepPHU3yeTCs IBJICHHEM MeTa0ou-
YECKOW PErysllUM — YBEIMYEHUEM WIIM YMEHBUIEHUEM aKTHUBHOCTHU
(hepMEHTOB B CBSI3U C MEPEXOAOM OT a3pPOOHOM JKU3HEICATSILHOCTH
(mepuoj KyJIbTUBUPOBAHUS KIETOK) K aHa’poOHOM (rmepuoa Opoxe-
HUS B XJIEOOTEKapHBIX moydadpukarax). DTH PeryiIsTOpHbIC IPO-
LIECCHI 3aBUCAT OT COCTaBa U KOHLUEHTPALUK BELIECTB B KIETKE U BHE
ee, IPUCYTCTBHEM aKTUBATOPOB M MHTHOUTOPOB (DEPMEHTOB.

Hcxonnas Ouosorudeckas akTHBHOCTh APOXKIKEH U CTOCOOHOCTh
WX aJanTUPOBAThCS K aHA3POOHBIM YCIIOBUSM JKH3HEACSITCIIBHOCTH
B noJypaObpuKaTax BIHSIOT HAa XOJ TEXHOJIOTMYECKOrO mpolecca u
KauecTBO mpoaykuuu. IIpeccoBaHHbIE OPOXIKU XapaKTEPU3YIOTCS
Majioil aKTUBHOCTHIO ()EPMEHTOB BOCCTAHOBUTEIBHOIO JICHCTBHSI,
T.¢. OPOJWIIBHOTO THUIIA, TaK KaK a’dpalus KyJbTypalabHOW CPEIbl U
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OTCYTCTBHE B HEH MalbTO3bl (HHAYKTOpPA) HE CTUMYJIUPYET UX CHUH-
Te3. B cBA3M ¢ 3TUM OpoamibHAs aKTHBHOCTH APOKIKEBBIX KIIETOK
B Hayase OpOoKeHHsI XJIeOOoneKapHbIX MonypaOprKaToB MPOsIBISET-
csi HenoctarouHo. [lomagas B aHa’poOHBIE YCIOBHS, TPOXKIKEBBIC
KJIETKH HaYMHAIOT MEPECTPanBATHCS C JBIXaTeIbHOTO Ha OPOAUIIb-
Hbld TuUIl. [IpuMEeHEeHue NMpPEecCOBaHHBIX APOKIKEN C MOHUKEHHOMH
AKTUBHOCTBIO (-TJIIOKO3MAa3bl OTPULATEIBHO BIMIET Ha MpoLEece
OposkeHHs, 0OCOOCHHO MpH O0e30MapHOM CIOco0e MPUTOTOBICHHUU
TecTa, KOrna APOXKIKH JOJDKHBI MPOSBISTH CBOIO OPONMIBHYIO aK-
TUBHOCTH TOTUYAC Tociie 3aMmeca Ttecta. [lpu omapHoM crocobe mpu-
TOTOBJICHHSI TECTa aJanTalus IPOKKEBBIX KIETOK K cpene, coaep-
JKalled MaJIbTo3y, IPOUCXOJUT B onape. OnHako OposkeHHE omaphbl
OpH HU3KOH akTHBHOCTH (EpPMEHTA ¢ -IJIIOKO3MAa3bl MPOTEKaeT
MeHee MHTeHCUBHO. [loaToMy mepen paboTHHKaMu XjieOomneKapHOon
IPOMBIIIEHHOCTH CTOUT 3a7a4a — UCKIIOYUTH MEePUOA aJanTaluu
JPOXKKEBBIX KJIETOK MPHU CO3PEBaHUU MOTy(HadpHUKaTOB, YTO MO3BO-
JUT UHTEHCU(PUIUPOBATH TEXHOJIOTUYECKUN MPOLECC U YIyULIUTh
KaueCTBO MPOIYKIIHH.

C wmenplo co3AaHUS ONTUMAIBHBIX MApaMeTpoB IJIsl JKU3HENes-
TEJILHOCTH JIPOJKKEBBIX KJIETOK B aHA’pPOOHBIX YCIOBHUAX U obecrie-
YEeHUS! UX BBICOKOW (PM3MONOTHMUYECKON AaKTHBHOCTH NPECCOBAHHBIC
JPOXOKHA HEOOXOAMMO BBIICPKUBATH B CIIEHUATLHO MPUTOTOBICHHBIX
MUTATENBHBIX CMECSX. DTa TEXHOJIOTHUECKas oIepanus Ha3blBaeTCs
aKmueuposanuem MpecCOBaHHBIX WM CYIIECHBIX APOHKIKEH.

Jliis akTHBUpOBaHUS NPOXOKEH HambOolee 1eiaecoodpa3Ho U -
(EeKTHBHO HCIOIB30BAHUE JKUIKUX MHUTATEIbHBIX CMEcel, Copmep-
JKAIUX YIIEBOJBI, YITIEBOJOPO/ABI, OPraHNUECKNUEe KUCIOTHl U MHUHE-
panbHble conu. [IpeaBaputensHOE BBIACP)KUBAHHE KIETOK APOAKEH
B ITUTATENILHONH CMECH CO3J1aeT ONaronpusTHble GU3UKO-XUMUYECKHE
YCIIOBHS U TOBBIIIAET aKTUBHOCTH (DEPMEHTOB, JOTOTHUTEIBHBIA HX
CHHTE3, yCKOpsieT U oOecrieurBaeT BHYTPUKJICTOYHbIE OMOXHUMHYE-
CKHE TIpeBpalleHus], 0e3 KOTOPhIX HEBO3MOXKEH MpoLecc OpOKEHUs.
XneOomneKkapHble APOXIKH BHOCAT B CIEUUAIBHO MPUTOTOBICHHYIO
MUTATEeNBHYIO0 CMECh, KOTOpast COCTOUT U3 MYKH, BOJBI, 3aBapKu, 000-
rameHHol HeepMEHTHPOBAaHHBIM COJIOAOM M cOeBOW Mykoi. [Ipo-
JOJDKUTEIBHOCTD aKTUBALUU APOXIKEH 3aBHCUT OT CIIOCO0a MPHUTo-
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TOBJICHUSI TECTa U COCTaBIAeT A Oe3omapHOro crmocoba 2-3 daca,
JUTst omlapHOTO — 1 4ac.

[IpennpusaTusM peKOMEHIOBAaHBI CIEAYIONINE KOMIIOHEHTH TpH
MPUTOTOBIICHUH ITUTATEIBHBIX CMECEH:

— MUHepasbHbIe CONH (Cyab(aT aMMOHNS, MATHHS, KAJIBIUSL, LINH-
Ka, Maprasua, rupodocdar xanus, Tpunoaudocdar HATPUS U Jp.);

— caxapcojepikamnue 100aBKy (caxap-1ecoK, CBEKOILHBIA TTOPO-
IOK, sIOJIOYHBIH MOPONIOK, KOHIIEHTPAT KBACHOTO CYCJIa H JP.);

— pas3NMYHbIe TUAPOIU3ATH U3 MIIEHUYHON MYKH WA Kpaxmalib-
HOT'O MOJIOKA, TIOJTyY€HHbIE ITyTeM BHECEHHs TEPMOCTaOMIBHON OaK-
TepUaTbHON WJIN TPUOHOMN 0, — aMUJIa3bl, TITIOKOAMHUIIa3hl,

— MOJIOYHAsI CBIBOPOTKA, MPEJIBAPUTEIHHO TUAPOIN30BAHHAS Tra-
JIAaKTO3UAA30i1;

— KpaxMaJl ChIpel, THIPOJIM30BaHHBIA aMUIIa30#, C MOCIEeNyIo-
IIIUM BHECEHHEM OEIKOBOM NJOOABKH.

Wnctpyxmmeit T'ocHUMXII (PekoMenganuy 1mo akTUBAIMH XJe-
OonekapHbIx apoxokei. YTB. 20.04.87 1) npeaycMOTPEHO MpoBe/ie-
HUE aKTHBALUH JPOXOKEH B Cpeaax ClIeayIOero cocTana:

— MyKa ¥ BOJIa;

— Myka, Boga, Ammropm3ud 110X nmm KoMIIeKCHBIE Xie0ote-
KapHbIE YITyYlIUTEIH;

— MyKa, BOJIa B CMECH C BBICOKOOCaXapeHHBIM (DEPMEHTHBIM I10-
nyhabpukaTom;

— MyKa, BOa, My4JHas 3aBapKa.

OmwIT psiga x1e603aBOAOB MMOKA3all, YTO MPUMEHEHNUE aKTUBUPO-
BaHHBIX XJICOOMEKAPHBIX APOMOKEH MO3BOJSET CHU3UTHh MX PACXOJ
Ha 25-40% mpu ONHOBPEMEHHOM COKpAIlEHUH MPOAOIIKUTEILHOCTH
opoxxenns onapbl Ha 10-15%. /[na nosviuwenusn duonozuueckoii ak-
MUEHOCMU MUKPOOPTAHU3MOB HCIIONB3YIOT (DU3NYECKHEe, XUMUYe-
CKHE, MarHUTHBIE, TEPMHUUECKHE, deKTpoxumuueckue, MK-crmocoosl,
crocoObl 00pabOTKH J1a3ePHBIM U3ITYUEHUEM U JIP.

YcTaHOBIIEHO, YTO 3HAYMTEIHHOE BO3JEHCTBHE Ha MHKpOOpTa-
HU3MBI OKa3bIBAaeT ANIEKTPOXUMHUYecKas oOpaboTka. MexaHu3M BO3-
JICHCTBUSI 3JICKTPOXUMHUYECKON 00pabOTKU JOCTaTOYHO CiiokeH. OH
3aKJII0YaeTCsl B OBBIIICHUN aKTUBHOCTH OMOMEMOpaH, YTO MPUBOJUT
K Oonee MHTEHCHBHOMY JAEHCTBHIO (PEPMEHTOB. DJIEKTPOXUMHYE-
ckasi 00paboTKa BIMSET HA SHEPIeTHUECKOE COCTOSTHIE KOMIIOHEHTOB
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OMOXMMHYECKHX peakiuid. IPPEKT AeKTPOXUMUIECKOH 00paboTKu
CHIDKAeT TPaHCMEMOPaHHBIM MOTEHIIMAN, KOTOPBI HMEET MECTO MpH
nepeHoce MUTATeNbHBIX BEUIECTB Yepe3 KIETOUHBIE CTEHKU JPOACKEH.
OHeprus akTHBaLUK BO3IECHCTBYET HAa CKOPOCTh PEAKLUH, IpOTEeKaro-
HIMX C [IPEOJOICHUEM SHEPreTHUECKOro 0apbepa, a MMEHHO Ha peax-
1M NIepeHOCca BELIECTB Yepe3 OMoIornieckue MeMOpaHbl.

WzBectHO, uyTO Hambonee 3(pQPeKTHBHONU sBIgeTCS 00paboTka
JPOXOKEBBIX KIETOK B MUTATENbHONW CMECH C HCIOJNb30BaHUEM SY-
MEHHOTO U STYMEHHO-KYKypY3HOTro ruaponu3aros. [IpoBenenue smex-
TPOXUMHUYECKOH 00pabOTKH IPOXOKEBOIO MOJIOKA, MMPECCOBAHHBIX H
CYIICHBIX IPOXOKEH B 36pPHOBBIX THIPOJIN3ATax MPUBOIUT K yBEIHYe-
HUIO MTOJbEMHOM CHJIBI IPOsOKeH B 2-3 pasa.

Hcnonb3oBaHne KOMIJIEKCHOTO BO3JEHCTBHUS cOaIaHCUPOBaHHO-
rO COCTaBa MHUTATEIBHOM CMECH U AJIEKTPOXUMHUYECKOH 00pabOTKH
noxygadpruKkaToB AJsl YIyYLICHUS OMOTEXHOJIOTHMYECKUX IOKa3are-
e TPOKKEBBIX KJIETOK MO3BOJISICT 3HAYUTENIBHO YAYUIIUTh Ka9€CTBO
xJeba.

[lorck HOBBIX SKOHOMHYECKH LEIECOOOpasHbIX MyTEeH IOBBI-
HICHUS] OMOTEXHOJIIOTHUECKUX CBOWCTB JPOXOKEH B XieOomekapHOM
MPOM3BOICTBE MOKAa3bIBACT MEPCIEKTUBHOCTD UCTIOJIB30BAHUS TAKOTO
¢usnueckoro (akTopa, Kak Ja3epHbI CBET HU3KOH WHTEHCHUBHOCTH,
3¢ PEeKTUBHOCTh MPUMEHEHUS! KOTOPOro IMOATBEP)KIACHA MpaKTHue-
CKUM HCIIOJNb30BaHUEM B HEKOTOPBIX OOJIACTAX MPOMBIIIIEHHOCTH U
MenuiuHbl. M3ydyeHa u o00CHOBaHA Ienecoo0pa3HOCTh 00paboTKK
XJIeOOTIEKAPHBIX JPOXOKEH JTa3epHBIM H3ITyYSeHHEM JIMHHON BOJHBI
632,8uM. Huskne cymmapHble 03Bl JJA3€pHOTO U3TYyUYEHHs MOBBIIIIA-
10T OMOTEXHOIOTHYECKHE CBOMCTBA JAPOXCKEH, Ooee BBICOKHE — CTH-
MYJIUPYIOT HX POCT M Pa3sMHOKEHHE. YCTaHOBJIEHO, YTO Jia3epHas
00paboTKa IpoXOKEH TPU ONTHMANBHBIX IMapaMeTpax CrocoOCTBYeT
MOBBIIICHUIO AKTHBHOCTH MX (PEPMEHTHBIX CHUCTEM, YCKOpSIeT OHO-
CHHTE3 0eKa U aMUHOKHUCIIOT.

B psne otpacneii numieBoid NPOMBIIUIEHHOCTH MPUMEHSETCS
AJIEKTPOHHO-WOHHAsI TEXHOJIOTHUS, OCHOBaHHAs Ha CHUJIOBOM BO3JCH-
CTBHHM DJICKTPUUECKUX TOJNEH Ha 3JIEKTPO3aPSIKEHHBIE YaCTHLIBL, YTO
YCKOpSIET TPOU3BOJACTBEHHBIC MPOLECCHI, YIy4YllaeT KauecTBO TIO-
TOBOM MPONYKIMU. DIEKTPOHHO-UOHHAsE 00paboTKa MPEecCOBAHHBIX
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JIPOXKIKEH MMO3BOJISET YBEIMUYUTh UX 3UMa3HYI0 aKTUBHOCTb. MHOro-
o0pasue crmoco0O0B MOBBIIIEHUSI AKTUBHOCTH XJIEOOMEKapHBIX APOXK-
JKel TO3BOJISIET BBIOpAaTh Hambosee MpUeMIIEMBIH CIIOCO0 IS ycio-
BUH KOHKPETHOTO IPOMU3BOJICTBA C YUETOM ONTUMAIBLHOTO 3P eKTa.

2.3 MetoAbI CTABUAN3ALUN BUNOTEXHOAOTUYECKUX
CBOMCTB APOXOKEN

Jlaske HEMPOMOIKHUTEILHOE XPAHEHHE MPECCOBAHHBIX IPOXKIKEH
COTIPOBOXKIACTCS CHIDKEHHEM AaKTHBHOCTH UX (HEepPMEHTATHBHOTO
KOMIIJIEKCa, pa3pyIIeHHeM KJIETOK B pe3yibTare aBTONN3a U BO3/EH-
CTBHSI IOCTOPOHHEH MUKPOQIOPHI. B MUpE pa3invaroT JBe OCHOBHBIC
TPYIIIBI CTOCOOOB MOBBINICHHS CTAOUIBHOCTH CBOMCTB IPOXKIKEH MpH
XpaHCHUH:

— BO3/CHCTBHUE Ha JPOXIKEBBIC KJICTKH B MIPOLIECCE UX pocTa (Hc-
MOJIb30BaHHE OCOOBIX ITAMMOB JAPOXIKEH, ONTUMH3AIHS CIIOCOOOB
TEXHOJIOTMYECKUX MapaMeTPOB JPOXIKEPACTHIBHOTO Mpoliecca, Moj-
JIepKaHNE CTEPUITBHBIX YCIIOBHIA);

— crmocoObl 00pabOTKH APOAOKEH HA MOCHESTHUX CTATUSIX TEXHO-
JIOTUYECKOTO TPOoIecca UX MPOU3BO/ICTBA (TIepel NPECCOBaHUEM, MTPU
(hOopMOBaHUY U T.1.)

JIns crabunu3anuy KauecTBa APO}OKEH MpU XpaHEHHH, KOTOPBIE
MPUMEHSIFOTCST Ha KOHEYHBIX dTarax IPOXOIKEPACTHIBHOTO MPOU3BO/I-
CTBa, HCIOJB3YIOT BEIIECTBA PA3IMYHOTO CTPOCHHUSI W MEXaHU3Ma
netictBust. [To TUMy BO3AEHCTBHS 3TH BEMIECTBA MOXKHO KIaCCU(HIIN-
pOBaTh Ha CIEAYIOIINE TPYIIIIBL:

BEIIIECTRA, PETYIUPYIOIIHNE BIAKHOCTD APONKIKCH;

— MOBEPXHOCTHO-AaKTUBHBIC BEIIECTBA;

AHTUOKHCIUTENN U UX CHHEPTUCTHI,

BEINECTBA, PETYIHPYIONIHE KOHTAKT KJIETOK C OKPY)Karoriei
Ccpenoii;

— BEILECTBA, BO3JCHCTBYIOIINE HA MUKPODIIOPY IPOAIKEH.

HexkoTopbie coemuHEHUsT 00MaIal0T KOMITJIEKCHBIM MEXaHH3MOM
JEHCTBUS, YTO YCWIHBAET MX CTAOMIM3HPYIOIIEE BIUSHHE, U MOBbI-
nraet 3¢ (HEKTUBHOCTD UCTIOIL30BAHUS.
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OnHUM M3 MPOCTHIX CIMOCOOOB CTaOMIIM3AlMM CBOKMCTB XJeOo-
MEKapHBIX JAPOACKEH SIBISETCS CHUKEHHE CONEp)KaHUS BHE- U BHY-
TPUKJIETOYHON Biaru. MeXaHHMYeCKHM ITyTeM Helb3sl JAOCTUTHYThH
cHKeHus: BnaxkHoctu menee 70%. Haubonee shdexTuBHBIM myTeM
CO3/1aHUS MTOCTOSTHHOTO COOTHOIIEHUSI MEXAY COIEepXkKaHWEM BHe- U
BHYTPUKJIETOUHOM BJIar sIBJSIETCS] BHECEHUE B JIPOACIKEBYIO CYCIIEH-
3UI0 THAPOQUIBHBIX, TUAPOGOOHBIX WIIM OCMOTHYECKH aKTHBHBIX
BEIIECTB. DTH BELIECTBA NMPHUBOASIT K BBIJEIECHUIO YaCTH KIETOYHOU
BOJIbI BO BHEKJIETOYHOE ITPOCTPAHCTBO, YACTHYHOMY 00€3BOKMBAHUIO
KJIETOK U TeM CaMbIM CHIDKEHHIO MX OOIIel BiaKHOCTH. B kauectBe
OCMOTHYECKHM AaKTHBHBIX BEILECTB, MCIOIb3YEMBIX JIsi CHUKEHUS
JIOJIM BHYTPUKJIETOUHOH BIIAry APOKKEH, IPUMEHSIOTCS:

— HEOpraHM4YecKHue (CONMH IMICTOUHBIX M IIETOYHO3EMENBHBIX Me-
TaJJIOB);

— OpraHuyYecKkre COeAMHEHHUs (MOYEBHHA, MIUIEPUH, YITIEBOADI,
HE cOpaknBaeMbIe JPOAOKAMH).

O hexTHBHOCTD 00€3BOKUBAHUS APOXKIKEBBIX KJIETOK TTOBBIIACT-
csl 100aBICHUEM B APOXKIKEBYIO OMOMAacCy THAPOGUIBHBIX BEILECTB,
MMEIOINX XOPOIIO Pa3BUTYIO MOBEPXHOCTh. [ MApoQuIbHBIE Belle-
CTBa MOAPA3IEIIAIOTCS Ha HaOyxarolye U yBIaxHsomue. B kauectse
TUIPOPUIBHBIX HA0YXAIOINX COSAMHEHHH HCIIONb3YIOTCS METHIILIEI-
JIF0I03a, KapOOKCHMETHIILEIUTION03a, LEJITI0N03a, IEKTUH, IKCTPAKTHI
JBHSIHOTO CEMEHH, OEJIKH COM, MOJIOKA, COJIM allbTHHOBOM KHUCJIOTHI U
np. Ix onTrManbHas 103UpoOBKa B cpeiHeM cocTaBiser 2-3 % k macce
CYXHX BEIIECTB IPOXKIKEH.

Jna ynydineHus COXpaHHOCTH IPECCOBaHHBIX JPOXOKEH mpen-
JIOKEHO T00aBIATh K JPOXOKaM TOHKO M3MENIBYEHHBIC THIPOGOOHbIE
BEIIECTBA, KOTOPBIE, Paclpeaesisich BOKPYT YaCTHII APOXKIKEBOI OHO-
Macchl, JCNAIOT €€ ChIMy4eid, 00Ialaoneil CBOWCTBAMHU CBOOOTHON
TEKy4eCTH.

KuzHecrnocoGHOCTh POAIKEBBIX KIETOK YBEIUIUBACTCS MIPU CO-
BMECTHOM HCIIOJIb30BaHUH THAPOPUIBHBIX U THAPO(POOHBIX BELIECTB
B HeOonpmmx KonmuectBax (0,01-5% k mMacce mpeccOBaHHBIX JPOXK-
Kel).

[loBbIIEHHAsA BIIAXKHOCTH MPECCOBAHHBIX JIPOAOKEH U Halndue
B UX KJETKax JUMHUIOB (TPUIIULEPHIOB, (HocdaTHIOB) NPUBOAUT K
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OKHCJICHUIO KIIETOUHBIX CTPYKTYP, 00pa30BaHMIO IEPEKUCEH U THAPO-
MepeKkrcel, KOTOpble 3HAYUTEIBHO YCKOPSAIOT Mopuy Aposken. s
MPEJOTBpAILEHHs TPOLecca OKUCIEHUS B IPOMBILIUIEHHOCTH LINPO-
KO TPUMEHSIOT BELIECTBA AHTUOKHUCIUTEIBHON MPUPObl. AHTHOK-
CHUJIAaHTAMU SIBIISIIOTCS COCAMHEHMS, MPUCYTCTBYIOMINE B HEOOMBIINX
KOJIMYECTBAX U CIIOCOOCTBYIOLIME HHTHOUPOBAHUIO LETTHBIX PEaKui
OKHCJICHHSI MTyTEeM YCTpaHeHHs1 CBOOOAHBIX pajuKaiioB. Bermiecrsa,
o0Jafaroe aHTHOKUCIUTEIbHBIMU CBOHCTBAMH, JIEJISATCS HA 4 TPyTI-
TIbL: IPUPO/IHBIE M CUHTETUYECKUE, OPraHU4YeCKHe U HEOPTaHUYECKHE.
K nanbonee n3BecTHBIM aHTHOKCUAAHTAM IIPUPOIHOTO TIPOUCXOXKIE-
HUSI OTHOCHUTCSI TOKO(epo.

Haubonbimmii 3 ekt aHTHOKCHAAHTBI OKa3bIBAIOT MPU MpeaBa-
PUTEIBHOM UX PacTBOPEHUH B 3MyJbratopax. BosneiicTBrue MHOTHX
AQHTHOKCHIAHTOB MOXET OBITh YCHJICHO J00aBIEHHEM TaK Ha3blBae-
MBIX CHHEPrucTOB. B KauecTBe CHHEPrUCTOB MOTYT BBICTYNaTb He-
OpraHuyYecKue M OpraHuueckue KucioTel ((pocdopHas, TUMOHHAs,
ACKOpOMHOBAs, BUHHAS, THOMPOIIMOHOBAS U JIP.) X UX COJIM B KOJIMYe-
CTBaX, COMOCTaBUMBIX C I03UPOBKAMHU COOTBETCTBYIOIIUX aHTHOKCH-
JaHTOB. MexaHu3M JEHCTBUSI CHHEPTHCTOB B OOILEM CIy4ae MOXKET
OBITh 00BSICHEH MHAKTUBALIMEH HOHOB TSDKEINIBIX METAJIOB, 00pa3oBa-
HUEM KOMIUIEKCHBIX COEIMHEHUH 1 pereHepanyeidl aHTHOKCUIaHTOB.

CymiecTBeHHBIM (PAKTOPOM, CHIDKAIOIINM KayeCTBO JPOXCKEH
NpU XpaHEHHH, SBIAETCS JEHCTBUE MPOTCOIUTHYECKUX (PEpPMEHTOB
KJIETKH. DTH (PEePMEHTHI pa3MsrdaroT APOXKIKEBYIO Onomaccy, 4To Be-
JIeT K ee aBTronu3y. [Iporeassl npoxokell akTHBHBI B BOCCTAHOBJIEHHOM
(dopMe U TepSIOT CBOIO aKTUBHOCTH MPH TEPEX0JIE B OKHCICHHOE CO-
cTosiHue. 11 CTUMYIMpPOBaHUS 3TOTO MpoIiecca B IPOMBIIUIEHHOCTH
HCIOJIB3YIOT COETMHEHHSI OKUCIUTEIBHOTO AEHCTBUS, HAIpUMep, Te-
PEKUCH BOAOPO/A.

Bosnbiioe BnusiHUE Ha COXPAaHHOCTH TPECCOBAHHBIX IPOAIKEHN OKa-
3piBaeT pH cpenpl. [1pu 00paboTke Apoxokeit pacTBOpaMH COJSIHON U
¢docdopnoii kucnot npu pH 2,5-6,0 ¢ mocnenyromei HeHTpannu3anu-
el pacCTBOPOM €IIKOTO HAaTPHs HIIH Kalusl HaOII0Aan0Ch 3HAYUTEILHOE
YBEJIMYEHHE CPOKa COXPAHHOCTH AKTUBHBIX MPECCOBAHHBIX JIPOXK-
skeil. OnHako peskoe cHMkeHue pH cpenbl HEraTMBHO CKa3bIBAeTCS
Ha XJ1e00NeKapHbIX CBOWCTBAX JAPOXKKEH, YTO 00YCIOBICHO THOEIBIO
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TIPOAOKEBBIX KIeToK. [ mogaepxkanus pH cpeapl Ha HY>)KHOM ypOB-
HE MOTYT UCIIOJIb30BAThCS CyXHe OaKTepUalbHBIC 3aKBACKH, KOTOPBIC
BHOCAT B konuyecTBe 30-35% k mMacce Ipoxokeil B CMECH ¢ MyKOH 110
JOCTIKEHUS BIIAKHOCTH KoMmo3uimu 20-25%.

OnHuM U3 NEPCHEeKTUBHBIX HAMPABICHUN B TEXHOJOTUU MPOU3-
BOJICTBA JPONOKEH CTAOMILHOTO Ka4eCTBA SIBIIICTCS PETYIHMPOBAHUC
WX KOHTaKTa C OKpYKalolled Cpenoil MOCPEACTBOM 3aKIIOUCHUS
JIPOACKEBBIX KJIETOK B MHUKPOKAICYIBI C MOJYIPOHUIIAEMBIMU CTCH-
KaMH, YTO TIO3BOJIACT YIPABISATh (DEPMEHTATUBHOW aKTHBHOCTBIO
KIeToK. HeoOXomumbIM yCIIOBHEM, TTOMHUMO TEXHOJOTHYECKOH 3(-
(DEKTUBHOCTU WCIIOJIb30BAHUSI MHKPOKAIICYJ, SBISETCS OTCYTCTBHC
OTPHULIATEIBHOTO UX BO3JICHCTBUS HA OPraHOJCNTUUYECKUE CBOMCTBA U
MUIIEBYIO LICHHOCTD MPOJYKTa.

IIpuunHO CHUKEHUST Ka4eCTBa APOXKIKEH IPU XpaHCHUH SIBIISICT-
sl TAK)KE HATMYUE TTOCTOPOHHEW MUKPO(IIOPBI B TOBAPHOUH OHMoMacce.
BonpmmHCcTBO cTagMil IPOKKEPACTUTEIHHOIO IIPOLIEcca BEAYT B CTe-
PWIBHBIX yclioBHsix. Ha mocienHedt crauu CTepriin3aiuio 00IbIIuX
00bEMOB TTUTATEIBHON Cpellbl HE TPOBOMAST BCICACTBUE SKOHOMHUYE-
cKoll HelenecooOpa3HocTu. [l cHUKeHUsT WH(OUIUPOBAHUSI JIPOK-
JKeH mepes UX MPEeCCOBAaHUEM WU B TEUSHHE ATOrO MPOIECcCa UCTIONb-
3YIOT Pa3IU4HbIC TPUEMBbI U METO/BI:

— 00paboTKa MEPOKCUIOM BOJIOPOIa CYCIICH3UU JPOKIKEH B Teue-
Hue 1-ro yaca nmepe UX MPECCOBAHUEM;

— NMPUMCHEHHE PA3IMYHBIX aHTUMHUKPOOHBIX BEIIECTB, IMOJIydac-
MBIX XUMHUYECKUM M OHOJIOTMYECKUM Ty TEM.

Buonornyeckuii criocod KOHCEPBUPOBAHHUSI IPOXKIKEH — 3TO BBE-
JICHHE B COCTaB JIPOMCOKEH MOJOYHOKUCIBIX OaKTEpHii, a TaKKe IH-
TaTeNILHBIX BEIIECTB, 00IAAIONIMX TUTPOCKOTIMUECKUMHU CBOHCTBAMHU
(kpaxmai, MyKa, caxaposa).

2.4 XXuakume ApoxOKu

JKunkwe mpoxckKu — 3TO MoyhadpruKaT XJIe0oTeKapHOTO TPOU3-
BOJICTBA, IIPUTOTOBIIEHHBI Ha 3aKBAIIEHHOW 3aBapKe IMyTeM Pa3MHO-
YKEHUA B HEU Apoxokent. Kujikue npoxoku MPUMEHSIOT TTPU IPUTOTOB-
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JICHWW TeCTa U3 MyKH OOOMHOM, BTOPOro M MepBoro coptos. Pacxox
JKUJIKAX APOXIKEH B MPOU3BOACTBE 3aBUCUT OT COpTa BhIpadarbiBae-
MOTO M3JENIUS U COCTABIISET JUIsl IPUTOTOBJICHUS XJieba:

— U3 nuueHnyHoi Myku I copra — 20-25% k Macce MyKH B TECTe;

— u3 nmeHnyHoi myku Il copra — 30-35%:;

— M3 MYKH NIIEHUYHOH 000itHO# — 35-40%.

MHorue x1e603aBo/ibl IPUTOTOBIISIOT MILIEHUYHOE TECTO HA CMe-
CH NIPECCOBAHHBIX U KUAKUX Apoxoked. [Ipr nCroabp30BaHNN KUAKUX
JIPOXKIKEHN B CMECH C IPECCOBAHHBIMU JJIS YITyUILIEHUs] KauecTBa XJie-
0a, MPUTOTOBIEHHOTO OMAPHBIM CIIOCOOOM, PaCcXOJ UX COCTABIIACT:

— Juis xyeba u3 Myku nueHudHoi I copra — 15% k macce Mmykn
B TECTE;

— JUIs XJ1€000yI0UHBIX U3ACTHN U3 MYKH HILIEHHYHOH BBICLIETO U
I coptos- 10%;

— Juis xJe0a U3 CMEeCH pKaHol 1 meHnYHoi Myku — 10-12%.

Hcnonp3oBaHue XKUIKUX IPOXKIKEH MMEET CBOM JOCTOMHCTBA U
HelocTaTky. JloCTOUHCTBA:

— OpoauibHast aKTUBHOCTH JPOXOKEBBIX KIETOK B 2 pasa BBILIE,
YeM B [IPECCOBAHHBIX, MaJIbTa3Has aKkTUBHOCTh — B 4 pasa;

— XJ1e0, IPUTOTOBJIECHHBIN U3 MYKH BBICOKOTO BBIXO/Ia XapaKTepH-
3yeTcs JIyYIIMMH BKYCOBBIMHM Kau€CTBaMHU U MEJUIEHHEE YEepCTBEET,
4yeM XJie0, IPUTOTOBICHHBIN Ha MPECCOBAHHBIX APOXKIKAX;

— mpu TepepaboTke MYKH C TOHMXCHHBIMH XJIeOOTIEKapHBIMU
CBOMCTBaMH KHMJKHE APOXKH SBIAIOTCS YIydIIUTENEM, TaK Kak B
HUX COJEPKUTCSI MOJIOYHAs KHCIIOTA;

— MPEIOXPaHsIOT U3JeNusl 0T KapTodenbHol 00Ie3HH;

— YJIy4lIaloTcs peojorHueckue CBOICTBA TecTa, BKyC M apoMar
W3JIeNNH, 3aMeJIsIeTcs YepCTBEHUE U3/IeNNH.

[IpakTuka mocnenHuX JIET MMoKa3ajia Lenecoo0pasHOCTh UCIONb-
30BaHUS KUAKHX JPOAIKEH B COUYETAHWU C MPECCOBAHHBIMU MIIH CY-
HIEHBIMH B YCKOPEHHBIX TEXHOIOTHSX.

Henocrarku:

— IpH BBIPAOOTKE M3JENUi U3 MYKH BBICILIETO H IIEPBOTO COPTOB
Ha JKUJKUX JPOKAKaX MSIKUII HECKOJIBKO TEMHEET. DTOT HEAO0CTaTOK
MeHee 3aMeTeH MpPU KOMOMHHPOBAHHOM HCIIOJIb30BAHHH JKUAKHX M
MIPECCOBAHHBIX IPOXKIKEH;
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— JPOXKU TPYAHO COXPAHATH MPHU BBIHY>KICHHBIX IIIUTEIbHBIX
nepepsIBax B IPOM3BOICTBEHHOM TPOIIECCE;

— TPYAOEMKOCTb IPOLIECCA IPUTOTOBICHUS IPOACKEN.

M3BeCTHBI pa3IuyHbIE CXEMbI IPUTOTOBICHUS KUAKUX TPOACOKEH:
Mockogsckasi, [xxamOynbckasi, PoctoBckast, JIeHuHrpajckas u jip.

ITo PoCTOBCKOI CXeM€ «TOpbKYI0» W TPAJAULHOHHYH 3aBAPKU
CMENINBAIOT B COOTHOIICHUH 1:4 W WCTIONB3YIOT JJISl BBIPAIIMBAHUS
JPOAOKEH.

Hpoxoku, mpurorosneHHele 1o Jlenunrpaackoit (JI-4) cxewme,
NPUMEHSIOT JJIsl IPOU3BOJCTBA Xjie0a M3 MYKH MIIEHUYHOH O00OH-
HOW W prkaHOW. B KauecTBe KHCIOTOOOPA3yIOIMIMX MHKPOOPTAHU3-
MOB HCITIONIB3YIOT Me30(hMIIbHBIE MOJIOYHOKHCIIBIE OakTepuu Buaa L.
planlarum — A6.

Haubonee pacnpocTpaHeHHOH B MPOMBIIUIEHHOCTH SBIISICT-
Cs «palMoHalibHAs» cXema, paspaboranHHas B 30-x rogax mpod.
A. . OcTpOBCKHUM.

CyIIHOCTh «PALMOHATIBHOW» CXEMbI COCTOUT B HCHOJB30BaHUU
JUTS BBIpAIIMBaHUA ApOxokel Buga Saccharomyces cerevisiae My4HOM
0CaxapeHHOW 3aBapKH, 3aKBALICHHOW TePMO(QHILHBIMH MOJIOYHOKHC-
JTBIMH OaKTEPHUSIMHU.

IIpu npUroTOBACHUH KUAKUX IPOACGKEH NPUMEHSIOT CIECAYIOIINE
BUJIbI MYKH:

— s xyieba U XJ1e000yIOUHBIX M3JIEIHNA U3 MIIEHUYHON MYKH
BTOPOT'O COPTAa — MYKY IMIIEHUYHYIO BTOPOIO COPTA;

— I U3ACNUN U3 MIIEHUYHOM MYKH HEpPBOrO copTa — CMECh
MIIEHNYHON MYKH BTOPOTO M IIEPBOrO COPTOB B COOTHOLIEHUH 1:1;

— JUIsl pPKaHO-TIIIEHUYHBIX COPTOB XJieba — MKy pKaHyro 00aup-
HYIO U CMECh PXKaHOW OOIUPHOM M MIIEHUYHON 0OOHHOW B COOTHO-
mennu 1:1;

— st xyie0a u3 000HHOW MYKH — MYKY O0OHHYIO.

PanyoHanpHas cxema MPUTOTOBICHUS KUIKUX IPOAOKEH BKIIIOYA-
€T CIIeNYIOINe OCHOBHBIE CTAANN:

— NIPUTOTOBJICHUE 3aBapKU U3 MYKU U BOJIbI U €€ OCaxapHUBAHHE
C HCIOJIb30BaHUEM COJIo/ia 0eIor0 He)ePMEHTHPOBAHHOTO WIIA KOM-
Tuiekca (pepMEHTHBIX MPernapaToB aMUIOIUTHYECKOTO ACHCTBHS;
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— 3aKBallMBaHUE OCAXapeHHON 3aBapKu TEPMOQPHIBLHBIMH MO-
JIOYHOKHCIIBIMH OaKTepUsMHU;

— BbIpalllMBaHKE APOXKOKEH Ha 3aKBalICHHOH 3aBapKe.

IIpu npon3BoACTBE KUIKHX APOAOKEH B OCHOBHOM HCIOJB3YIOT
AKTHBHBIEC ITAMMBI TEPMOPHILHBIX MOJIOYHOKUCIIBIX OaKTepuii BUaa
L. delbruckii u mrammsr apoxokert Saccharomyces cerevisiae, nMero-
e CTa0UIbHBIE TEXHOIOTHYECKUE TToKa3aTeny 1 00aaatonme Kuc-
JIOTO- ¥ TEPMOYCTOHYHBOCTBIO.

IIponiecc MpUTOTOBNEHUS KUJIKUX APOACGKEH COCTOMT U3 2 IH-
KJIOB: pa3BOJIOYHBIN U POU3BOACTBEHHBIM.

Paszeooounwiii yuka. Pa3BOmOYHBIA LUK COCTOMT U3 4 CTaaMid
o0meit mponomkutenbHocThi0 70-130 yacoB. Ilpu aToM mpoucxoaut
JECSATUKPAaTHOE yBeIUUEHHE 00beMa 3aKBAILICHHOM 3aBaApKH B KayKI0H
cTanuu (KpoMe MoCIeAHEH PH IPUTOTOBICHUN MaTOYHBIX IPOKKEN ).
[Ipu 3TOM IPOMCXONUT MOCTENEHHOE PA3MHOKEHHE YHCTBIX KYJIBTYP
MOJIOUHOKHCIBIX OakTepuil u aposxokedl. CHauana Ha COIOAOBOM CyC-
Jie, a 3aTeM Ha MY4YHOHW 3aBapke. Pa3BOZOUHBINA LUKJI HAYUHAETCS C
MIPUTOTOBJICHUSI MOJIOYHOKHMCIION 3aKBAaCKH, KOTOpasi HeoOXxoanMma Jist
HaYaJIbHOTO 3aKBALIMBAHUS 3aBaPKH.

3akeacky TOTOBAT Ha YUCTOU KynbType Oakrepuii lenbOproka uim
C UCIIOJIb30BaHMEM aKTHUBHOTO mramma tepmoduinbpabix MKB ycnos-
HO Ha3bIBaeMoro D-1 (akTHBHBIM KucioTtooOpa3oBareins). [lepBoHa-
YanbHO KyIbTypy JlenpOproka mepeceBaroT B MPOOHPKY € CONOJOBBIM
cycnom (poct 1-2 cytok), 3atem B koi0y ¢ 100 mia cycna (poct 1-2
cyTok). Jlajee KyabTypy MOCIe0BaTeIbHO Pa3MHOXKAIOT B EMKOCTSIX
¢ 1,5 u 100kr 3aBapku. [IpogomxurensHOCTh pocTa Kaxaon (asbl —
OJTHU CYTKH, KOHEUHast KUCIOTHOCTb — 12-14 rpaj. ['oToByto Momou-
HOKHCITYIO 3aBapKy IEPEHOCST B IPOM3BOICTBEHHBIN yaH. Uepes kax-
Ible 2 4 100aBIISIIOT TaKOe JKe KOJTMYECTBO 3aBapKH. YaH 3anonHseTcs
14 4. Temneparypa BbiBeieHus 1 pazmMHoxkeHuss MKb — 50-520C.

Jlist IpUTOTOBIICHUS MAMOYHBIX OpOdiciicel IPUMEHSIOT Hanbo-
Jiee aKTUBHBIE JPOXOKEBBbIE pachl. HacTo MPUMEHSIOT CMECh Pa3sHbIX
KyJBTYp. UHCTYIO KyNIBTypy APOACKEBBIX pac pa3MHOXKAIOT B Jabopa-
TOPHH Ha COJIOZOBOM cyciie (2 CyTOK), 3aTeM TOTOBST CIaIKyIO 3a-
BapKy M BBUIMBAIOT B Hee Opoasuiee cycino. [locne 12-14 u Opokenus
MAaTOYHbIE APOXIKH NEPEHOCSAT B IPOU3BOJACTBEHHBIN YaH U TyJa ke
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JO0aBISIOT 3aKUCIIYIO OXJIAXKICHHYIO 3aBapKy. Uepes 2 4 mocine 3a-
MOJTHEHUsI YaHa HaYWHAETCsl OTOOp IpOXKKel Ha MPOU3BOICTBO.

IIpoussoocmeennuiii yuka. LIUKI ocyleCcTBIsAETCA 110 BYM Bapu-
aHTaM: IPUTOTOBJICHUE KUIKUX APOXOKEH Ha 3aKBAIIEHHOHN 3aBapke
0e3 pa3baBieHus BOIOU U ¢ pa30aBIeHNEM BOJIOM.

Crasnu Mpou3BOJCTBA JKUAKHX IPOOKEH:

— IPUTOTOBJIICHHE 3aBAPKU;

— 3aKBalllMBaHUE 3aBaAPKH;

— pa3MHOXEHHE APOAOKEH.

Ilpueomosnenue 3asapxu. llenp — HakoILUIEHHE BOLOPACTBOPU-
MBIX BEIIECTB (CaxapoB 1 OEJIKOB), HEOOXOAUMBIX JUIsl 3aKBAIIMBAHUS
3aBapKH U PasMHOKEHHsI JPOXOKei. 3aBapKy TOTOBAT B 3aBapOYHBIX
MamuHax X3M-300 npu cooTHOLIEHUH MYKH 1 BoAbI 1:3 ¢ HCIOB30-
BaHueM ropsraeii Boxsl (75-80 oC). Ilpu npruMeHeHn napa HUHAKTUBU-
pyIoTcst (hepMEeHTHI MYKH, Takas 3aBapka TpeOyeT JOMOIHUTEIHLHOTO
ocaxapuBaHus. Brnaxnocts 3aBapku — 70-75%, HauanbHas Temrepa-
Typa — 65-670C. [Ins HakoruieHus OOJBIIOTO KOJIMYECTBA caxapa H
BOJIOPACTBOPUMBIX OEJIKOBBIX BELIECTB 3aBAPKY OCTABISIOT Ha Oca-
xapuBaHue Ha 3-4 4, nobasisis mpu 3ToM conon (1-2%). Bmecro co-
JI0/1a MOYKHO JOOaBISATh aMUJIOJINTHYECKUE (PepMEHTHBIC Mpenaparkl
Amunopusut 110X wnu I'mrokaBamopun I'20X B couetanuu ¢ Amu-
nopuzuHoM [110X u ux 3apyOesKHbIE aHAJIOTH, IPU 3TOM COAEepIKaHUE
aMHHHOTO a30Ta yBenuuuBaercs. [Ipu ucnonbp3oBaHuK (epMEHTHBIX
npenaparoB OTHanaeT HeOOXOAMMOCTh B CTaJUU OCaxapuBaHHUS, T.K.
ONTUMAaJIbHASL TEMIeparypa UX IeHCTBUS U KU3HEACSITEIBHOCTH MO-
JIOYHOKHUCIBIX OakTepuii coBnanarot (48-50 oC).

ObecneyeHHOCTh TEPMOQUIBHBIX MOJOYHOKHCIBIX OaKTEepUd |
JIPOXOKEH MUTATENbHBIMU BEIIECTBAMHU ONPEACISIETCS XUMHUYECKUM
COCTaBOM MYYHOH 3aBapKH, KOTOpasi 3aBUCHUT OT BU/Ia HCIIOIb3YEMOTO
CBIPbsl, BHECEHUS J0OABOK M CTETIEHN OMOXUMHYECKHX MPEBpaILeHHN
ux koMnoHeHToB. ConepKaHnue MUTaTeIbHBIX BEIIECTB B MyYHOH 3a-
BapKe 3aBUCHT OT CIEAYIOMHNX (aKTOPOB: COpTa MyKH, COOTHOLLICHHUS
MYKH ¥ BOJBI, TPOIOJDKUTENLHOCTH 3aKBalIMBAHUsI, KOJIMYECTBA Ha-
KOIUIEHHOM KHCHOTHI. LlenecooOpa3Ho ncnonb3oBath MyKy pKaHyro,
MIIEHUYHYIO0 BTOPOTO COpPTa U 000HHYI0 — copTa Oorarbie BUTaMHHA-
MU U TUAPOJIUTUIECKUMH (pepMeHTaMu.
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3akseawmueanue 3asapxu. llenb — HakomjeHHe OONBIIOTO KOJIH-
YecTBa MOJIOYHOW KHCJIOTBI, KOTOpasi 00ecrednBaeT ONTHMAJbHbIC
YCIIOBHSL CPEAbl IS MOCEAYIOUIETo pasMHOKEHHsT Ipookeit. Mo-
JIOYHAsl KUCIOTa HAJONT0 33JCPKUBACT PA3BUTHE HEXKENaTEeIbHOM
MHUKPOQIIOpPHI B onypadpHukaTax, CTUMYIHPYET Pa3MHOKEHUE JPOXK-
JKe, ymydIaeT CBOWCTBA TecTa U KauecTBo xjeba. [Ipuroropnennyro
3aBapKy HalpaBISIIOT B YaH JJIS 3aKBAIIMBAHUS TP Temrepatype 48-
520 C. B 3aBapke MpOUCXOIUT MOJIOYHOKHUCIIOE OPOKEHUE JIO KUCIIOT-
Hoctu 14-16 rpag B TeueHue §-14 4. 3atem uepe3 Kaxkable 2 4 4acThb
3aKBallICHHOHW 3aBapKH Tepe/] MOCTYIUICHUEM B YaH JUIS pa3MHOKCHHUS
pasz0aBisoT xonoaHou Bonoit 10 280 C u BnaxkHoctu 90%. Ha mpo-
JOJKUTEIBHOCTD MPOLIecca 3aKBalIMBaHUs 3aBapPKH BIUSIET TEMIIEpa-
Typa. [Ipu MeaeHHOM HaKOTUICHHH KUCIOTHOCTHU (Oonee 74) Temrie-
parypy 3aBapKH NOAJIEpKUBAIOT Ha ypoBHE 480 C, mpu yCKOpEHHOM
kucnotoHakorieanu — 54-55 oC. Bakrepuu L. Delbruckii Bmecte ¢
JKUJIKAMU JPOXOKAaMH MONaAaloT B Tecto. OMHAKO MpU TeMIeparype
30-320C onu He pasBuBatoTca. OOpa3zoBaHHAS MMH MOJOYHAsI KUC-
JIO0Ta MPEMSTCTBYET Pa3BUTHIO ME30(MIIBHBIX BUIOB MOJIOYHOKHUCIIBIX
Oakrepuil.

Pasmmnoorcenue opooicorcen. Tlocne oxnaxaenust g0 30 oC 3ak-
BaIlllCHHAsI 3aBapKa W APOXIKH, IPUTOTOBICHHBIC B HEH, CTAHOBSTCS
CcTaOWJIBHBIMH, TaK Kak TepMO(UIbHBIE U ME30(pHIbHBIE OaKTepHH
OKa3bIBAIOTCSI HENlESATEIbHBIMU. Pa3MHOKEHNE APOXKIKEH TPOUCXOTUT
npu temneparype 28-30 oC B TedueHue 6-8 4. 3areM Kaxjple 2 4 4
YacTh TOTOBBIX JIPOXOKEH OTOMpArOT Ha MPOM3BOACTBO, B OCTABIIY-
10CS1 9acTh JOOABISIOT COOTBETCTBYIOIEE KOJTMUYECTBO pa30aBIeHHON
3aKBalIeHHOH 3aBapKu. BONBIIMHCTBO XJI€OOTIEKAPHBIX MPEANPUSTHIA
MPUMEHSIOT JIBYX4acOBOM PUTM 0TOOpa ApOXKKel Ha MPOU3BOICTBO.
Ha HeKoTOpBIX MpeArpHATHSIX MPOUCXOTUT HENMPEPBIBHBIN IMpolece
MIPUTOTOBJICHUS KUAKUX ApOXoKel. [lomyueHHbIe KHUIKUE TPOKKH
HUMEIOT MOIbEMHYI0 cuily 25-30 MUH, KMCIOTHOCTb 7-9 Tpajl, Bilax-
HOCTb 78-83%.

Aoanmusnoe pezynuposanue OUOMEXHONO2UYECKUX — CBOUCME
HCUOKUX OPOACICE.

MHOTOYHCICHHBIMI HAyYHBIMU KOJUICKTHBAaMH IPOBEICHBI HC-
CJIeIOBaHuUs 1O pa3paboTke cocoOOB yIydlIeHUs] OMOTEXHOIOTHYe-
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CKHX CBOMCTB )KMJIKHX JPOKKEH HA OCHOBE ONTHUMH3AIMH COCTABOB
MUTATEIbHBIX CPEJ IS UX BBIPALIMBAHMS, a TAKXKE apaMeTPOB U ycC-
noBuit ux npurorosienusi. B locHUMXII pa3paboransl Hay4yHbIE Ha-
MIPaBJIEHUS YIyUIIeHNsl CBOMCTB XHUAKUX Apoxoked. [Ipu npoussoa-
CTBE KUJAKHUX JAPOAOKEH paHee NCIOIb30BAIUCH CIAETYIOIINE [ TaMMBbI
Oaxrepuii: O-1, BJIA, [I-76, 60. Ux npuMeHeHUe HE YIOBIETBOPSIIO B
MIOJTHOM Mepe TpeOOBaHuUS MPOMBIIIJICHHOCTH, TaK KaK AJIUTEIbHOCTD
Ipolecca 3aKkBalliBaHuA 3aBapok cocTasisuia 10-12 gacos, uro npu-
BOJWJIO K YBEIMUYEHUIO MPOJOHKUTENBHOCTH IPOU3BOACTBEHHOTO
LIUKJIa, CHIYKEHHUIO KaueCTBa JKUIKUX APOAOKEH U COOTBETCTBEHHO Ka-
yecTBa xyeba. B pesynbrare mpoBeAeHHBIX MUCCIEIOBAHUM CENEKLH-
OHUPOBAHBI OoJiee aKTHBHBIE IITAMMbl MHKPOOPTaHU3MOB: — IITaAMM
TepMO(UIBHBIX MOJIOYHOKUCIBIX OakTepuii 30-1 oTnmyaeTcs MoBbI-
IIEHHOM alu10- U TEPMOTOJIEPAHTHOCTBIO MPH KUCIOTHOCTH OT 17 10
22 rpan u Temneparype ot 55 go 70° C. IIpu ero npumMeHeHHH B TIpo-
W3BOJICTBE KHUJKHUX JPOXKKEH MPOAOIKUTENBHOCTh 3aKBallIBAHNS 3a-
BapKH COKpaliaercs 10 6 4, yaydIlIaoTcs CBOMCTBA XKUIKUX APOAOKen
10 MOJBEMHOH CHJIE, U TIOBBIIIAETCSl KAaUeCTBO XJieba; — mITaMM Tep-
MO(UIBHBIX MOJIOYHOKHUCIIBIX OakTepuit Buaa L. delbruckii 30-2, mo-
Jy4YEHHBIH METOJIOM aJjanTallui, KOTOPbIM MPOABIAET )KU3HEACSTENb-
HOCTB Ha cyOcTpare, cofepkamieM 25% MOJOYHOH CBIBOPOTKU. DTOT
IITaMM HIMPOKO UCIOIB3YETCS HAa MPEANPUATUSIX pernoHoB Poccun n
CHI' B mpou3BoJCTBE KUAKUX APOAOKEH M IPU MPUTOTOBIEHUH TECTA
C MOJIOYHOM CBIBOPOTKOM;

— LTaMM JIpoxked 69, MoiMydeHHBIH METOIOM THOpUAN3AINH,
0051a1aeT BHICOKOH CKOPOCTBIO POCTa, BHICOKOW ()epMEHTAaTUBHON aK-
TUBHOCTBIO, a TaKXK€ YCTOMYHMBOCTBIO K IOBBIIIEHHOW TeMIepaType
(4045°0),

— LITaMM 5, UMEIOIIUI HU3KYI0 OCMOYYBCTBHUTEIBHOCTD, OJ1aro-
Japsi 4eMy HCIOJIb3YeTCsl B MPOMBILUIEHHOCTH B Ka4eCTBE OPOIHIIb-
HOU MHKPO(QIOPHI KUAKUX IPOXOKEH MPHU HMPUTOTOBICHUH KHIKUX
COJIEHBIX OTap.

[IpumMeHeHne cyxux KyabTyp MOJIOYHOKHMCIBIX OaKTepuil 3HAYU-
TEJIbHO YNPOLIAET M COKpAIIAeT MPOLECC MPUTOTOBIEHMS >KUIKUX
JIPOXKXKEH, B TOM 4HCIIe B Pa3BOAOYHOM IMKIIE, 32 CUET UCKITIOUEHHUS
CTaJN{ HAKOIIJIEHUsI KYJIBTYp Ha *KMJKHUX MUTaTENbHBIX cpelax u Ie-
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PECEBOB YUCTHIX KYJABTYP AJIS IOJACPIKAHNS UX KU3HECIIOCOOHBIMU B
nabopaTopHbIX ycnoBusX. PazpaboraHsl crocoObl MOATOTOBKH U BbI-
palIBaHUsT YUCTHIX KYJIBTYP MOJOYHOKHUCIBIX OaKkTepuil mepen Juo-
¢unuzanuel, ycTaHOBJICHBI ONTHMaIbHBIE TTapaMeTphl 3aMOpaKuBa-
HUS ¥ cyOnuMmanuu, mofoOpaHbl peKUMBbl PErHIpaTaluid U PEeakTH-
BallMM CyXux OuompenapatoB. Cpok COXpaHEHHsI aKTUBHOCTH CYXHX
OuomnpenapatoB npu Temneparype 5-8°C coctapmnsier 12 Mecsues.

KuszneneaTenbHOCTh KJIETOK MPH KyJbTUBUPOBAHUHU 3aBUCUT OT
COCTaBa MHUTATENBLHBIX CPEll, KOTOPBIE MONOUPAIOTCS C Y4eTOM Ono-
XMUMHUYECKUX CBOWCTB M (PU3MOIOTHUECKHX OCOOEHHOCTEH MHKPO-
OpraHU3MOB, a TaKXKe YCIOBUH, ONpENesSIOUINX MPOTEeKaHUE Mpo-
1eccoB 00OMeHa, B YaCTHOCTH CKOPOCTH MOCTYIUICHHUS MUTATEeIbHBIX
BEIIECTB B KJIETKY, Temreparypsl, pH cpeabl, 00ecie4eHHOCTH KHUC-
JIOPOJIOM.

3akBallleHHas 3aBapKa, SBJISIOIIAsACS MUTATENBHOW cpemoil s
Pa3MHOXKEHHUS APOKKEBBIX KIETOK, coaep:kut 10 30-34% Ha cyxoe
BEIIECTBO MOHO- U TMCaXapH/I0B, IPY 3TOM B 3aBapKaX, 0CaXapeHHbIX
ITIOKOAMIIIAa30H, colepaHHue TIIOKO3bl gocturaer 23% Ha cyxoe
BEIIECTBO, B 3aBapkax ¢ coiogoM —9,0%, B 3aBapkax ocaxapeHHBIX
¢depmenTHbIM npenapatoM Amunopusuaom I110x — 6,5%. Ilpu 3ak-
BAaIllMBAHNHU 3aBapKU MPOUCXOAUT HAKOIUIEHHWE 3HAUUTENIbHBIX KOJIH-
YeCTB CBOOOTHBIX aMHHOKHCIIOT, YTO CBSI3aHO C BBICOKOHM ITPOTEOIH-
TUYECKOH aKTUBHOCTBIO TEPMO(PHIILHBIX MOJIOYHOKUCIIBIX OaKTEPHH.

Pa3zButue m pasMHOKEHHE IPOXOKEH CBA3aHBI C CHHTE30M Oell-
KOB — HanOoiee BaKHBIX KOMIIOHEHTOB KJETKH. benku cocTaBisioT
OCHOBY CTPYKTYPHOTO Marepuaja KJIETKH. DTUM ONpeiesseTcs IMo-
TPEOHOCTh IPOKEBBIX KIIETOK B a30TCOMEPKALIMX COSTUHEHUSX.

s HOpManbHOTO TeYeHHs (HU3HOIIOTHUYECKUX TPOLECCOB B
JPOYOKEBOW KIIETKE U OOMEHa C OKpYXKalolLleH Cpefoil HeoOX0auMo,
4yToOBl MUTATENbHAs cpela Uil ApoXokei Oblna oboraiieHa MuHe-
panbHBIMH BemecTBaMu. OHU y4acTBYIOT B aKTUBAlMU (PEPMEHTHBIX
CUCTEM KJIETKH, PEryJMpOBaHUM OCMOTHYECKOro naBieHus, pH u
OKHUCJINTEIbHO-BOCCTAHOBUTEIBHOTO MTOTEHIIHAA.

Ha ocHoBanuu ucciaenoBaHuii MHOTHMX YYEHBIX OBLITH PEKOMEHI0-
BaHbI CIECAYIOLINE CIIOCOOBI YITYULICHUS COCTaBa MUTATEIbHON Cpeibl
JUTSI 3aKBAIIMBAaHUS 3aBapKU U Pa3MHOKEHUS B HEH APOAOKEH:
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— IpPUMEHEHHE MYIbTHIH3UMHOI Kommno3uimu MOK-XII, conep-
JKaleh B ONTHMaJIbHOM COOTHOLLICHHH aMUJIONUTHYECKHE (EepMEHT-
HBbIE Tpenaparbl FpPUOHOTO U OAKTEPHUAIBHOTO MPOUCXOKACHUS, IS
o0orameHus 3aBapoK OJIUrocaxapamy M JOCTYITHBIM a30TOM;

— IpHUMEHEHUE KYKypy3HOH, TOpPOXOBOW M SUMEHHOH MYyKH B
couetaHnu c¢ (epMEeHTHBIMHU Ipenaparamu u3 Aspergillus oryzae n
Aspergillus awamori;

— MpPUMEHEHHWE BHHOTPAIHOTO, a0pPUKOCOBOTO W JIPYTUX PACTH-
TEJIbHBIX IIPOTOB, COACPKAIINX LIEHHBIE OCIKOBBIE U MHUHEPAJIbHbIC
KOMITIOHEHTBI;

— NPUMEHEHHE PA3MOJIOTHIX CEMSH TOMaroB, conepkamux 40%
Oenka, Buramunbl A, Bl u B2, mukpo- u makpoanements Ca, P, Fe,
K, Nau np.;

— MPHUMEHEHHUE CHECUUATBHBIX MUTATEIbHBIX CMECEH, COCTOSIIMX
13 KOHIIEHTpaTa KBACHOTO Cyclia, MOJIOYHON CBIBOPOTKH, MYKH U BOABI,
KaK CpeACTBO O0OTaIICHUs] Cpelbl YIIEBOAAMH, JIETKOAOCTYITHBIMU
JUISL YCBOGHUS JPOMOKEBBIMU KIIETKAMH, BEHIECTBAMH aKTHBU3UPYIO-
HIMMH Pa3MHOKEHUE U KU3HEACATEIbHOCTE MUKPOOPTaHU3MOB;

— MpUMEHEHUE MUTATEeIBHON CMECH ISl KYJbTUBUPOBAHUS APOK-
JKeW, COCTOsIIEH U3 MYKH, BOZBI, COEBOH HEOOE3KHPEHHOU MYKH H
MOPOIIKA U3 sI0IOYHBIX BBLKUMOK. [IpuMeHenue coeBoit MyKku 103BO-
nsieT cOallaHCHPOBaTh COCTAB MUTATEILHONW CMECH 10 COAEPIKAHHIO
yIiepoja, a30Ta U MUHEPaJIbHbBIX BEILECTB;

— MpPHUMEHEHHE THIKBEHHOTO IOPOIIKA;

— IpUMeHEHHUe SO0JIOYHOTO MOpOLIKa, THAPOIM30BAHHOTO (ep-
MEHTHBIM TIpenapaToM, B KonndecTse 5%, pucoBoil myuku — 3%, a
TaKKe HTHAKTUBUPOBAHHOU IPOKKEBOM OMOMACCHI;

— IpPUMEHEHHE OCaxapeHHbIX Mony(habpHKaTOB, MPUTOTOBICH-
HBIX U3 MYKH, BTOPUYHO NepepadaTbiBaeMoro xjueda u Apyroro Kpax-
MaJicoJiepIKaIlero ceipbs, comaepxkamux 50-70% mirokossl, 25-30%
MaJIbTO3bl 1 Oosee 8 % pacTBOPUMBIX OEIKOBBIX BEIICCTB;

— MPUMEHEHUE MOJIOYHOH CBHIBOPOTKH. /1151 MOBBILICHHUS KUCIOT-
HOCTH CpeJibl TAK)KE MPUMEHSIOTCS SI0JI0UHAas U IMMOHHASL KUCIIOTBI;

— MPUMEHEHHE KOMIUIEKCHBIX IPOXOKEBBIX (PEPMEHTHBIX Ipera-
paroB, MOMYYEHHBIX ITyTeM 00paOOTKU MUBHBIX 0CAJOUHBIX APOAIKEH
Ha yJIBTPa3ByKOBOM ycTaHOBKE MpH TeMmeparype 56-58°C ¢ coxpaHe-
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HUEM B HUX (epMEHTOB -QpyKTOPypaHO3HIa3bl, MAIbTa3bl, IPOTEH-
Has3bl, MENTHIA3bl B AKTUBHOM COCTOSIHUU.;

— MpHUMEHEHHE aBTONHU3aTa XJICOOTIEKAPHBIX IPOXCKEH, BIHSIO-
LIMX HA Pa3MHOKEHHE IPOJKKEBBIX KIETOK U UX aKTHBHOCTD;

— MpHUMEHEHHE THAPOIN3aTa OCTATOUYHBIX JIPOXIKEH CIUPTOBOTO
MPOM3BOACTBA (CIIUPTOBBIX APOKIKEN);

— MpHUMEHEHHE MHAKTHMBHPOBAHHOH APOXIKEBOH OMOMACCHI, KO-
TOPYIO MOIYYalOT TePMOOOPaOOTKON KUAKUX APOXKIKEH MPU TeMIle-
parype 80-85°C B teuenue 20-30 muH. Ee BHOCSAT B TepMO(DUIBbHYIO
3aKBalIEHHYIO 3aBapKy, IIPH 3TOM OTMEUEHO MOBBIIIEHUE WHTEHCHB-
HOCTH KucioToHakoruieHust Ha 30% u ynmydiieHne moJbeMHON CHITBI
KUAKUX Apoxoxer Ha 50% 1o cpaBHEHHIO ¢ KOHTPOJIEM.

Ha psize nmpennpusiTuy 10’KHBIX PaHOHOB B JKapKHW IEPHOJ rofia
MPaKTUKYEeTCS JTO03UPOBAaHUE B KUIKUE APOXOKH YaCTH MOBAPEHHON
comu (0,2 % k Macce MyKH B TECTO), CHOCOOHOM HEHTPaTU30BaTh HU3-
KOMOJIEKYJISIpHBIH OEJIOK MypPOTHOHMH, OOJIaalomMii TOKCHYECKHM
JIEHCTBHEM.

[TurarenpHas cMech NOMKHA OBITH cOalaHCHpOBaHA MO MHHE-
pasbHBIM KOMIIOHEHTaM. K 4ucily MOHOB, akTHBHPYIOIIUX (epMeH-
THI IPOXOKEH, OTHOCSATCS MOHBI Kalusi, aMMOHHMS, HATpHs, MarHus
u ap. OHE MOTYT BXOAWTH B COCTAaB aKTHBHOTO LIEHTpa (DEpMEHTOB,
CTaOMIIN3UPYIOIUX OCIKOBBIE CTPYKTYPBI, a TAKXKE SIBIISIOTCS COSIH-
HUTEJBHBIM 3BEHOM B CHCTeMe ()epMEHT-CyOCTpar. YcTaHOBJIEHA Iie-
71ecO00Pa3HOCTh BHECEHHS B MUTATEIBHYIO CMECh JJIS1 Pa3MHOKEHHSI
IpOOKEH MUHEpalbHBIX cosied ¢ annoHamu ocdopa u XJIopa, OT Ko-
TOPBIX 3aBUCHT MPOHULAEMOCTD KJIETKH.

Abdpanus IpoxiKeil B TeYeHUE OJHOTO Yaca MPUBOJUT K yCHJIe-
HUIO pOCTa APOXCKEBBIX KIETOK. [locie 3 4 BbIpamuBaHHUs KOJIHYe-
CTBO MX BO3pacTaeT B 2,4-2,6 pa3a Npu OJHOBPEMEHHOM YIIyULIEHUN
MOJJbEMHOM CHJIBL.

TakuM 00pa3oM, yCOBEpLICHCTBOBAHHAS TEXHOJOTHS MPHUTOTOB-
JICHUS KUIKUX APOXOKEH € YIyYHIEHHBIMH OMOTEXHOJIOTHYECKUMH
CBOMCTBaMHU UMEET CIIEAYIOLINE TEXHOIOTHUECKUE TPUEMBI:

— ocaxapuBaHHME MYYHOH 3aBapKu (PEpPMEHTHBIMH INpernapaTamu
[IFOKOAMUIIA3bl U O-aMUJIa3bl WM MCIIOJIb30BAaHUE BBICOKOOCAXapeH-
Horo nonyhadpuKara Mpy BeIPAIIUBAHUHT TPOOKEH;
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— BBEJICHHE B 3aBapKy OeJIOKcoIepalliuX MPOJYKTOB — COEBOU
MYKH, OCITKOBBIX KOHIIGHTPATOB M3 MIPOTa XJIOMYATHUKA U Jp., MHAK-
TUBUPOBAHHOMU JPOXKIKEBON OMOMACCHI;

— BHecenue MuHepanbHbIX coneit [CaS04, MgSO4, K 2HPO4,
(NH4) 2 SO4] B HayanpHBIH NEpHUO] BEIPAIIUBAHUS APOXKIKEH;

— TPOBEICHHUE adpaliyl Cpelbl B HAUAJbHOW CTAIUM 3aKBalINBa-
HUSI IPOOKEH HITH TO3UPOBAaHKE B JPOMOKEBYIO0 OMOMAacCcy rOMOTeHH-
3UPOBAHHON 3aKBAIICHHON 3aBapKH.

Dusuxo-xumudeckue Ccnocoowvl YIyuuleHuss Kaiecmed HCUOKUX
opooicacert. Ha psine x1e603aBo0B MPUMEHSIETCSI YCTPOHCTBO, KOTO-
poe aeT BO3MOKHOCTh OTOMpaTh BEPXHHU CIIOH Apoxoked nu3 Opo-
JIWIBHOTO YaHa, TaK KakK JIPOMOKU M3 BEPXHHUX CJIOEB, OOJiee aKTHB-
HBI, YeM U3 HWKHUX. J[J1 moqaep>KuBaHus CTa0MILHOTO KOJIMYEeCTBa
JIPOACKEBBIX KIETOK U UX XOPOIIETro KaueCTBa MPUMEHSIOT COYCTaHUE
MEXaHUYECKOTO MEePEMEIINBAHUS U adPUPOBAHUS MACcChl. AdpUpoBa-
HUE Ccpe/ibl BO3YXOM NMpOoBOAAT B TeueHHe 30 MUH cpasy Iocie oc-
BeXeHUs apoxokei. Kuciaopoa Bo3ayxa 3HaYMTEIBHO YCKOPSAET pas-
MHOXKeHUe Aposxkel. [Ipu aspanuu KOTU4ecTBO KIETOK BO3PACTACT B
2-4 pa3a 10 CpaBHEHHIO C aHAIPOOHBIMHU YCIOBHSIMH, YTO OKa3bIBACT
MOJIOKHUTEIBHO BIUSHUE HAa KA4eCTBO MOypaOpHKaTOB M TOTOBOU
MPOAYKIUH.

O} deKTUBHBIM CPECTBOM YITy4YIIICHHSI KAY€CTBA KHUJIKUX JIPOXK-
JKeH MOXKET CITY>KUTh HACBIIEHUE 3aKBAILIEHHOM 3aBapKU KUCIOPOIOM
IIyTeM TOMOT€HU3allMU B BBICOKOCKOPOCTHOM MHUKCEPE.

TocHUUXII comectro ¢ MI'VIIII npennoxkeH croco0 yimydiie-
HUS KaueCTBa XKHUJIKUX JPOAOKEH myTeM 00pabOTKH MX yIBTPa3ByKOM
B Teuenue 1-3 mun npu nasnenuu 0,4-0,6 Mlla.

Bomnpocs! /151 CAMOKOHTPOJIA:

1. Kakue BuIbl Iposkked MPUMEHSIIOTCS IPH POU3BOJCTBE XJIe-
000YIOYHBIX U3IEINH?

2. Kakue cBoiicTBa JIpOXiKed HEOOXOIMMO YUYHUTHIBATH TPU UX
MPOM3BOACTBE M UCIOIb30BAaHUN IPU IPOU3BOACTBE XJICO00YIOUHBIX
U3aeInii?

3. Ilokazarenu KauecTBa NPECCOBAHHBIX M CYLICHBIX IPOXOKEH.

4. MeTozpl MOBBILICHHUS AKTUBHOCTH XJI€OOTIEKAPHBIX JPOAOKEH.
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5. Metoabl crabunau3anny OMOTEXHOIOTHYECKUX CBOMCTB XJeho-
MEKAPHBIX JIPOIKIKEH.

14. Yro npeacTaBisioT co0o0i )KUAKNE XJIeOOneKapHbIe APOXKIKH?

15. Craanu TeXHOJIOTWYECKOTO MpOLecca MPUTOTOBICHUS KHI-
KHUX JPOKIKEH.

16. IlpeumyniecTBa U HEIOCTATKH MPUMEHEHUS JKUJKUX JIPOXK-
JKel TIPY MPOU3BOJCTBE XJI€O00YI0UHBIX U3ICITIHA.

17. CriocoOsb! yny4iiieHus: OMOTEXHOJIOTUYSCKUX CBOWCTB KUIKUX
JIPOAKEH.
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TEMA 3: TNMPUTOTOBAEHWE VI TIPUMEHEHWE
3AKBACOK

[Ipu npousBoaCTBE pKAHBIX, PHKAHO-MIIEHUYHBIX U MIICHUYHBIX
COPTOB M3/IEITUH UCTIOJIB3YIOT PAa3HOOOpa3HbIC TEXHOJIOTMYECKHUE CXe-
MBI KyJITHBHPOBAHUS MUKPOOPTaHU3MOB, 00€CIIEUHNBAIOIINX 00pa3o-
BaHHME OPraHMYEeCKUX KUCIIOT U pa3pbixjeHue nomnydadpukaros. [Ipo-
LeCChl OPOXKEHUS PKAHBIX U MIICHUYHBIX 3aKBACOK OCYIECTBIISIOTCS
JPOMOKEBBIMU KJIETKAMHU U MOJIOYHOKUCIIBIMU OaKTEpUSIMHU B CHMOHO-
THYECKUX yCIIOBUSX.

3akeacka — >To TYCTON WM KUAKUK TOMy(adpuKar, TpUroTOB-
JICHHBIN U3 P’KaHOMU, PrKAHO-NIIIEHUYHON M MIIEHUYHON MYKH IyTeM
3aMeca U OpOXKEHUsI, UCHOIb3YEMbI YaCTUYHO VISl IPUTOTOBIICHUS
TECTa WK ONapbl U BO30OHOBJICHUS 3aKBACKH IIyTEM €€ OCBEIKCHHSI.

B xnebomexapHOW MPOMBIIIIIEHHOCTH, TepepadarbIBaromieil He-
CTEpUIIBHOE ChIphe, 0c000€ 3HaYEHHE UMEET UCIIOIb30BAaHNE YUCTBIX
KyJIBTYp. Yucmoii Kynvmypoti Ha3bIBaeTCsl COBOKYITHOCTh MUKPOOpTa-
HU3MOB, BBIPAIIEHHBIX M3 OJHON KIJIETKH U HE COIEPIKAIIIX MTOCTOPOH-
HUX MHKPOOPTaHU3MOB. TeXHHYECKN YMCTHIE KYIbTYPhl — KYJIBTYpPHI,
CoZeprKalllie HEe3HAYUTEIbHbIE IPUMECH APYTUX MHUKPOOPraHU3MOB.
[TpuMeHeHUs YUCTHIX KYJABTYP MOJIOYHOKHUCITBIX OaKTepHii ITO3BOJISICT:

— HCHOJIb30BaTh ONPEACICHHBIC BUIbI M LITAMMBI OaKTepuil, CO3-
JlaBaTh ONTHMAJIbHBIE YCIOBUS MX )KU3HEAEATSILHOCTH B CPEax;

— KOMOMHHUPOBATh OAKTEPUH U MOJIyYaTh MPOLYKTHl pa3HOOOpa3-
HOT'O BKYCa, HCIOJIb3Ys clielu(pUIecKre CBOWCTBA OTACIbHbIX IITAM-
MOB;

— obecnieunBaTh NPUTOTOBJICHHUE 3aKBACOK BBICOKOI'O KauecTBa B
HanboJjiee KOPOTKUH MEepHoJ] BpEMEHHU U rapaHTHPOBATh MOJIABIICHHE
MOCTOPOHHEW MUKPO(IOPHI MyKH;

— IOBBIIIATH BHIXOJ HNPOLYKLHUH 3a c4eT 0oJiee 3KOHOMHOTO HC-
MOJIb30BaHMS MYKH B TIPOLIECCE OPOKCHUS;

— €O031aBaTh yCJIOBUS AJIs1 HAIIPABJICHHOIO YIIPABICHUS TEXHOJIO-
TMYECKUM IIPOLIECCOM.

CoxpaHeHHe YUCTBIX KYJIBTYp UMEET OOJIBIIOE NPAKTHYECKOE 3Ha-
YEeHHUE, TIOCKOJIbKY KHJIKUE KYJIbTYphl, 00Jatatomue 0oJbIei akTUB-

113



HOCTBIO, YeM CyXH€, HE BBIIEPKHBAIOT IJTUTEIBHOTO XPaHEHHMS, UX
WCIIOJIb30BAHUE OTPAHUYUBAETCS TPYAHOCTSMH MPU TPAHCIOPTUPOB-
ke. Cankr-IlerepOyprexum gunmanom [locHUMXII pa3padborana Tex-
HOJIOTHsI 00€3BOKUBAHHS YHCTHIX KYJIBTYP METOJOM JTHO(DHIN3ALHIH.

B nacrosimiee Bpems sl IPUTOTOBJICHHUS 3aKBACOK MPUMEHSIOT
craptepsl. CTapTepsl — clielMaibHO OTOOpaHHBIC MpenapaTbl MOJIOY-
HOKHCJIBIX OaKTepuil B YNCTOM BUJE MU CMEIIAHHBIE C JPONOKAMHU.
OHM UHHLIMHUPYIOT OpOKEHHE 3aKBACKU. BBIMycKaroTCs B BUAC KUI-
KHX TIpernapaTtoB WM CyXHX HOPOIIKOB. [TaBHOE MpeuMyIIecTBO
CTapTEepPOB 3aKJIIOYAETCS B JIETKOCTH IPUMEHEHUSI.

Hcnonk3oBaHue cTapTepoB MO3BOIISCT:

— YIOPOCTUTH BBIBEJCHHE 3aKBACKH M MPOHM3BECTH 3aKBACKy B
OJIMH ATaM MPOJOIKUTENBHOCTHIO 18-24 vacos.

— HCKJIIOYHMTH TpyroeMKHe (a3bl pa3BeJCHUS M TMOIACPKaHMS
3aKBaCKH, YTO HEOOXOIUMO 110 TPAJIUIIMOHHON TEXHOIOTHH.

— obecrneynTh CTAOMIBLHOCTD MOKa3aTelNel KauecTBa.

K HenocraTkam MpUMEHEHUS cTapTepa MOXKHO OTHECTH yBeJnde-
HHUE ce0EeCTOMMOCTH MPOIYKTA.

Paznuuarotr crieayromume TUIIBI CTapTEPOB:

— cTapTep KUAKHUN WU 3aKBaCKa;

— CyXOM JaKTOOAKTEePHH;

— cTapTep CMEHIaHHbBIN (JTAKTOOAKTEPHH U CYyXHe APOXKIKH)

CocTosiHrEe MUKPOOPTaHU3MOB B KHIKHX CTApTEPax M3-3a BBICOKOH
AKTHBHOCTH HE CTa0MJIBHO, IIO3TOMY MX CPOK XpaHEHHS OTPaHHUYEH.

Oupma XaHceH pa3zpabaTbiBaeT CyXOH JaKTOOAKTEpPHH MO Map-
Koi «Dropamnan.

Opannysckas ¢upma Jlecapdp mpousBoAUT cTapTEepsl Mapok
Cag-Jlesen JIB1 u Cad-JleBen JIB2 (tabm. 2) [Ipenapatsl cogepxar
Oo0JbIIOEe KOMMYECTBO KUBBIX MUKPOOPTaHM3MOB (He MeHee | MIpa.
KJIETOK APOXKe M 1MIIpJ MOJOYHOKHCIIBIX OaKTepHil), OTIMYAIOTCS
KOMIIO3UIMEeld MHUKPOOPTaHU3MOB TI0 BHJIOBOMY COCTaBY M KOJHYe-
ctBy. Craptep Cad Jlesen JIB1 comepxut: apoxoku Saccharomyces
chevalieri, MomouHokucnble Oaktepun Lactobacillus brevis u
Lactobacillus casei. Craprep Cad Jlesen JIB2 conmepkut: Iposku
Saccharomyces chevalieri u monounokucinsie 6akrepun Lactobacillus
brevis.
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Tabmnuna 2

Peuentypa ryctoil v )Kuakoi 3aKBaCKH ¢ IPUMEHEHUEM CTapTOBOM
KyabTypbl Cad-JleBen (IpHu BIa)KHOCTH PrKaHON OOJUPHON MyKH

13,0%)
HaumenoBaHue chIpbs Pacxon chIpbs 1/ 3aKBACKH
TyCcTOH KHAKOM
Myka pxanast oOmupHasi, T 500 500
Craprosas kynsrypa Cad-JleBeH, r 2,5 2,5
Boma, mn 371 954

Pexomengannu mo nmpuMeHeHus: cTapToBbiX KynsTyp Cad-JleBeH
ClIeAYyIOIIUE:

e CraproBas kynbTypa Cad-JleBen JIB2 Oosee akTMBHO Haka-
TUIMBAET KUCJIOTY B PrKaHBIX 3aKBackax. biaromapsi BBICOKOH KHCIIOT-
HOCTH TPEAINOJaraeTcs pacxoJoBarh €¢ B HEOONBUIMX KOIUYECTBAX
JUTSL TOCTHXKCHUS TpeOyeMOH KHCIOTHOCTH TECTa.

e 3aKBAacKH, MPHUTOTOBJIEHHBIE C HCIOJIb30BAHHUEM CTapTOBOM
KynbTypbl Cad-JleBen JIB2, nMeroT OONBIIYIO KUCIOTHOCTD (TUTPY-
€MYIO ¥ aKTUBHYIO), YeM aHaJIOTMYHbIE 3aKBACKH, IIPUTOTOBICHHEIE C
UCIIONIb30BaHUEM CTapToBOH KynbsTyphl Cad-JleBen JIBI.

e Uem BhllIe TeMmmeparypa OpOXKEHHUSI 3aKBACOK, TeM OOJIbIIC
KHCJIOTHOCTh 3aKBAaCOK M Xy’Ke MOJbEMHAsI CHJIa 3aKBACOK, 0COOEHHO
SpKo 3TO npogasiseTcs npu 35°C.

e 3akBackH, BeIBeZIeHHbIe Tipu 25°C, Kak T'yCTble, TaK U KUIKUE
UMEIOT XOpOUIyI0 NoabEMHYIO cuiy (1o 20 m 22 MHHYT COOTBET-
CTBEHHO), HO ONTUMaibHast KUCAOTHOCTH (11-14 mnsa rycteix, 9-12
JUTS )KAAKHUX) JOCTUTAeTCs TOJIBKO Tocie 24 yacoB OpOsKeHHMSI.

e JKunkue 3akBacku, BeiBeAeHHBIE TTpu 30°C, 1OCTUTAIOT ONTHU-
MaJIbHYIO KUCJIOTHOCTh paHbllle, 4eM rycTbie (xuakue -JIB2 yxe k 18
gacam, JIB1 k 21 gacy, ryctsle — k 21 u 24 yacaM COOTBETCTBEHHO),
npru4éM MOIbEMHAS CHITa 3aKBACOK, 00J1aJaf0IUX ONTHMAaIbHOM KHC-
JIOTHOCTBIO, XOPOILasl.

e 3akBackH, BeIBeJIeHHBbIE Tpu 35°C, kak npaBuio, yxe nocie 21
qaca TepAr0T NOABbEMHYIO CUITy ITPU BBICOKOW KHUCIOTHOCTH.
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e JlogpéMHas cuia TyCThIX 3aKBAaCOK BBILIE MOJABEMHOW CHIIbI
JKUJKHUX 3aKBAaCOK.

ITo TY 9383-006-11163857-97 OO0 «M-TEX TIJIFOC» 1. Cep-
myxoB 1o pazpaborke [ocHUUXII Poccenbxozakagemuu (Cankr-Ile-
TepOyprekuii (umai) BhITyCKaeT JaktooakrepuH. [lomydyenue nax-
TOOAKTEPHHA COCTOUT U3 CIESIYIOIINX ONeparyi:

— HakoIUIeHHE OaKTepHaJbHBIX KJIETOK Ha CHElHMalbHOW MUTa-
TEJIbHOU CpENE;

— Jo0aBieHHE 3AIMUTHOM cpelbl (Caxapo3HO-KelnaTo3HOH, MO-
JIOYHO-KEJIaTO3HOM);

— CTepWJIbHOE A03UpOBaHue cycreH3nu 1o 10 M1 Bo (rakoHBI;

— 3amopaxkuBanue npu temmeparype (-40) — (-50) °C;

— 00e3BOKMBAHUE B BAaKyyMe JI0 OCTaTOYHOM MacCOBOM JIOJIH BJla-
v 4 %;

— YKYIOpHBaHHUE B aTMOCdepe a3oTa.

JlakTo0aKTeprH UMEET BHJ MEJIKOIIOPUCTHIX TaOJIETOK KPEMOBO-
ro 1uBeTa u comepxut B 1 mo3e m1o 10 mMipa *KHUBbIX OaKkTepHaTbHBIX
KJIETOK.

Cyxoii 1akTo0aKTEpHH BBIITYCKAETCS TPEX BUIOB!

— cmech mrammoB L. plantarum-63, L. brevis-5, L. brevis-78 mns
T'YCTBIX 3aKBaCOK; — cMech mTaMMoB L. plantarum-30, L. brevis-1, L.
casei-26, L. fermenti-34 st ;KMIKHUX 3aKBACOK;

— mramm L. delbruckii-76 mis TepMOQHUIBHBIX 3aKBACOK.

Cyxoil 1akTo0aKTepuH UMEET CPOK TOAHOCTH A0 12 MecsueB npu
temrneparype xpanenus 4-6°C. [Ipumenenue naktodakTepuHa UMEET
CIIEAYIOIINE TPEUMYIIECTBA!

— YHOPOULISIETCS U YCKOPSIETCSl MPUTOTOBICHUE 3aKBACOK B Pa3BO-
JIOYHOM LUKJIE;

— obecrnieynBaeTcsi CTaOMIBHOCTh CBOMCTB IMPOM3BOACTBEHHBIX
3aKBaCOK;

— CO3[aI0TCsl OMaronpHUsTHBIC YCIOBHS AJISl Pa3BUTHSI HEOOXOIM-
MOW MHKpPO]IOpEI;

— CIOCOOCTBYET HIMPOKOMY PAaCHpOCTPAHEHUIO B MPOMBILICH-
HOCTH IIPOTPECCUBHBIX TEXHOJIOTHYECKUX MPOLECCOB IPUTOTOBICHHUS
x71e000yTOYHBIX M3ENUI HAa YUCTHIX KyJIbTypax MUKPOOPTaHU3MOB.
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3.1. Cnoco6bl MPUroTOBAEHUS PXKCOHBIX 3AKBACOK

IIpu BIpa®OTKE U3METHA U3 PKAHOUW U PHKAHO-TIIIICHUIHON MYKH
HEOOXOIMMO CO3/IaHNe YCIIOBUS JIJIsl THTEHCHBHOTO KHCIIOTOHAKOTIJIE-
Hus. OOpasyromuecs OpraHnYecKue KUCIOTHI PErylInpyIOT MpOoTeKa-
fomye B noiydadpukarax OMOXUMHUYECKHE, MHKPOOHOJIOTHUYCCKHE,
KOJUTOMIHBIE U (PM3NKO-MeXaHu4ecKue mpouecca. Heooxonumas xuc-
JIOTHOCTh TI0NTy(paOpHKaTOB 00ECTICUNBACTCS KU3HEACATCIIHBHOCTHIO
crienuuaeckoit OpoamIIEHON MUKPOMIOPEI — MOJIOYHOKHUCITBIMU OaK-
TepusiMU. VI3BECTHO MHOTO CITOCOOOB IMPUTOTOBJIICHHUS 3aKBacok. I1o
KOHCHUCTEHIINY OHU MOTYT OBITh TYCTHIMH W )KUIKAMH.

TpaIULIMOHHBIM TEXHOJOTUYECKUM TPOIIECC MPOU3BOJICTBA PrKa-
HOTO M PXKaHO-IIIIIEHUYHOTO XJ1e0a, SBIsSeTCsl MHOTO(a3HBIM H JeIUT-
cs Ha nBe (haspl: MPUTOTOBIICHUE 3aKBACKH, NIPUTOTOBJICHHE TECTA.
[IpuroroBnenne 3aKBaCKH COCTOUT U3 PA3BOAOYHOTO IMKJIIA, BKITFOYA-
fo1ero Tpu (asbl, ¥ MPON3BOICTBEHHOTO ITHKIIA.

Pazeooounviii yuxkn TPUTOTOBIIEHUS 3aKBACKH COCTOUT U3 TPEX
¢da3: mpoxokeBas, TPOMEXYTOYHass M OCHOBHAs 3akBacka. Llembio
MIPUTOTOBJICHHS 3aKBACOK Pa3BOJIOYHOTO IIUKJIA SBJSETCS TOTYYCHHE
OTIPE/ICTICHHOTO KOJIMYECTBA AKTHBHBIX MOJIOYHOKHCIBIX OaKTEpHil.
[Ipu 3TOM B TIporiecce pa3BOIOYHOTO IHUKIIA YBEITHYUBACTCS KHUCIOT-
HOCTb 3aKBacKu. [ OTOBYIO HCXOTHYIO 3aKBaCKy MUCTIONB3YIOT JIJIs TIPH-
roToBieHnus Tecta. C 3TOTO MOMEHTa, HAauWHACTCS HPOU3B00CHIBEH-
HbILL YUK, U TATbHENIIIee BRIpaIlliBaHue MUKPOOPTaHU3MOB 3aKBACKU
mpoBoAMTCS ¢ 0TOopamu. OT TOTOBOH MCXOMHOM 3aKBACKH OTOMPAIOT
2/3 unu 3/4 ee oObeMa, a k ocraBiueiics 1/3 wiun 1/4 100aBIIsSIIOT TaKoe
KOJIMYECTBO MYKH U BOJIBI, YTOOBI BOCCTAHOBUTH MPEKHUH 00BeM. 1 0-
TOBHOCTB 3aKBaCOK OIPEEIISIETCS M0 KOHEYHOW KUCIOTHOCTH, TTOTb-
€MHOU CHJIE W OPraHOJENTHYECKUM TOoKazareisiM. B pazBomodHOM
ITUKJIE MOYKET OBITh NCIIOJIB30BaHA 3aKBACKa MPEIBLIYIIETO IMPUTOTOB-
JICHWS ¥ TIPECCOBAHHBIE APONOKH MITH YHCTHIE KYIBTYPBl MUKpPOOpTa-
HU3MOB.

Tecto mns xireba U3 prkaHOH M CMECH PKaHOU M MIIIICHIYHON MyKH
TOTOBSIT Ha TyCTOH 3aKBacke, Ha *HUJIKOH 3aKkBacke Oe3 3aBapku, Ha
JKUKOM 3aKBacKe C 3aBapKOi, Ha KOHIICHTPHPOBAHHON O€3IpOXIKeBOI
MOJIOYHOKHMCIION 3aKBacke. /IpucomosiieHue picanoeo mecma Ha 2y-
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cmoti 3akeéacke 1IpUroToBieHne TecTa Ha I'yCTOW 3aKBAacKe PEKOMEH-
JyeTcs MPUMEHSATH TIPH MPUTOTOBICHUHN TeCTa U3 pKaHOW 00OWHOH H
00MpHON MYKH, a TaK)Ke U3 CMECH Pa3HbIX COPTOB PXKaHOW M TIIIe-
HUYHOM MykH. ['ycTas 3akBacka JOIKHA UMETh BIAXKHOCTH — 48-50%,
KHCJIOTHOCTH -13-16 rpax u3 pkanoil oOoiHOH mimm 11-14 rpan u3
pPKaHOH 0OAMPHON MYKH M TIOXBEMHYIO CHIIY IO INApUKy» 10 25
MUH. B KauecTBe YMCThIX KyJAbTYp UCIONB3YIOT CMeCh JIGHMHTPaICKUX
HITAMMOB MOJIOYHOKHCIIBIX OakTepuii L. plantarum-63, L. brevis-5, L.
brevis-78 mim cyxoii 1aKTOOaKTEpPHH B COYETAHUH CO ITAMMOM JIPOK-
kel S. minor «YepHopeueHCKHi». ['yCTyro 3aKBacKy, BEIBEACHHYIO 10
Pa3BOJOYHOMY LIMKJTY, HAKAIUIMBAIOT JI0 HY’KHOTO KOJIMYECTBA U Jajiee
MOJIIEP’KUBAIOT B MIPOM3BOJCTBEHHOM LIMKJIE ITyTEM OCBEXEHHUS C I10-
CJICIYIOIIUM BBHIOpaKMBaHHEM JI0 HAKOTIJICHUS TpeOyeMOoil KUCTIOTHO-
CTH B 3aBUCHMOCTH OT copTa MyKH. [Ipu 3ToM BBIOpOKEHHYIO 3aKBa-
CKY B JieXax JEJSIT 0ObIYHO Ha 4 WK 3 9acTH, U3 KOTOPBIX OJHY YacTh,
co0TBEeTCTBEHHO 25% nmn 33,3% B mepecueTe Ha MyKY, HCIIOIB3YIOT
JUTSL BOCITPOM3BO/ICTBA 3aKBACKH, & OCTAJIBHYIO MAaccy PacXoAyloT Ha
MIPUTOTOBJIEHUE COOTBETCTBEHHO 3-X MJIM 2-X MOPLUIi TecTa.

[Tpu pa3nuYHBIX MPOU3BOJACTBEHHBIX CUTYAIMSX MOSBISIETCS He-
00XOIMMOCTh KOHCEPBAIMH 3aKBACOK C MOCJIEAYIOIEH ee aKTHBaIH-
eif. CymecTByeT HECKOJIBKO CIIOCOO0B KOHCEPBALIMH T'yCTON 3aKBACKU:

— oxnaxaeHue a0 5-10 oC, npu »ToM pemiaroiiee 3HaYCHUE UMe-
eT MOKa3aTellb € TOTOBHOCTU U CKOPOCTh CHIKEHHS TeMIIEpaTyphl.
[Ipu MemIeHHOM OXJIaXKACHWN CBEXETPUTOTOBIEHHON 3aKBacKH Ha-
YHHAIOT aKTUBHO pa3MHOXKaThCs Apoxckd. Crenyer oxyaxaaTh 3pe-
JIY10 3aKBacKy KMCIOTHOCTbHIO 12-14 Tpan;

— nobasnenue xjopuaa Hatpus (2%) wnm OukapOoHara HaTpus
(0,5%). Koncepparuio 3akBacku Ha 10-12 4 MOXHO HCITOJIb30BaTh
OJIMH pa3, TaK Kak MpH J00aBICHUH KOHCEPBAHTOB yXY/ILIACTCS OB~
eMHasl CHJla 3aKBacoK;

— Ppa3zKIKeHHe XoJIoAHOW Bojoi 10 BraxHocTH 70%. Temnepa-
Typa 3aKkBacku cHuxkaetcs 10 16-200C, a KUCIOTHOCTH 710 7-7,5 rpa.
YMeHbIIeHHEe KOHIIEHTPAIMK COPaKMBAEMBbIX CaXxapoB TOPMO3HUT MU-
KpoOuonornueckue npoueccsl. [locie ocBekeHns: ¢ BOCCTaHOBICHH-
eM BIaXHOCTH 3akBacku 49-50% u Temmeparypsl 26-28 oC nokazare-
T OpOXKEHUSI €€ TIOJIHOCTHIO BOCCTAHABIMBAIOTCSL.
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Ipueomosnenue poicanozo mecma Ha sHcuoxkux 3axeackax. OCHOB-
HBIM TIPEUMYIIECTBOM JKUJKUX 3aKBACOK SIBIISIETCS KOHCHCTEHITHS,
KOTOpasi MO3BOJIAET TPAHCHOPTHPOBATH MX IO MaTepHaoNpoOBOAAM
CaMOTEKOM (MJTH TIPH TIOMOIIIM HACOCOB) M CO37]aeT BO3MOKHOCTh aB-
TOMaTU3UPOBATh MPOIECC TECTONPUTOTOBIEHUS. Pa3nnyaror cxeMsl
MPUTOTOBJICHHUS JKUAKHX 3aKBACOK C MyYHOH 3aBapKoii u Oe3 Hee.

Ha oicuokoti 3axeacke 6e3 3asapku no yuughuyuposannou Jle-
HUHEPAOCKOU cXxemMe MOKHO BBIpabaThIBaTh XJieO U3 prkaHOW U CMecH
pa3HBIX COPTOB PrKaHOW M MIIEHUYHON MyKH. CyIIHOCTB criocoba 3a-
KITIOYAeTCsl B MPUTOTOBJIEHUH 3aKBACKH BIAKHOCTBIO 69-75%, Kuc-
JOTHOCTBIO 9-13 rpaj (B 3aBUCUMOCTH OT COPTa MYKH) MPHU MOIBEM-
Hoi1 cuie 10 35 muH. [Ipu 3amece TecTa ¢ KUAKON 3aKBACKOU BHOCST
25-35% myKku oT 0011Iei Macchl B TECTE C MOCIETYIONIM OpOXKEHHEM
TECTa 10 HaKOTIeHHsI TpeOyeMOl KHCIOTHOCTH B 3aBUCUMOCTH OT CO-
pra xieba. B pa3BoouHOM ITUKIIE KUJIKYIO 3aKBACKY BBIBOJST C TIPH-
MEHEHHEM CMECH YHCTBHIX KYIbTYp Apoxxked S. cerevisiae JI-1 u S.
minor «YepHOPEYCHCKHIT» B COYCTAHUU CO CMECHIO JKUJKUX KYIIBTYD
L. plantarum-30, L. casei-26, L. brevis-1, L. fermrnti-34 i cyxoro
JIAKTOOAKTepUHA JUIS KUJIKHX XJICOHBIX 3aKBACOK U3 CMECH 3THUX XKE
IITAMMOB MOJIOYHOKHCIIBIX OakTepuii. B MpoM3BOJACTBEHHOM IIMKIIC
JKHUJIKYIO 3aKBAaCKy BIaKHOCTBIO 69-75% 0e3 3aBapKu OCBEXKAIOT 110
JIOCTIKCHUH KHCIOTHOCTU 9-13 Tpas uepe3 3-5 4 (B 3aBUCUMOCTH OT
BJIQKHOCTH 3aKBaCKH, COPTa M KayecTBa MyKH) myteM otbopa 50%
CHeJIoN 3aKBacKu U3 OpONWJIBHOTO B PACXOAHBIN YaH M Jajiee Ha 3a-
MecC TecTa U J00aBJIeHUs B OpOAMIIBHBIN YaH K OCTaBILICHCSl Macce IK-
BUBAJICHTHOTO KOJIMYECTBA MUTATEILHOW CMECH U3 MYKH M BOJBI JJIs
BOCIIPOM3BOJICTBA 3aKkBacku. [Ipu 3amece TecTa ¢ )KHJKOU 3aKBACKOU
BrnaxkHocTho (70£1) % BHOCAT 30-35%, a BnaxkHocthio 75% — 25%
MYKH OT 00IIei MacChl.

Ha sicuoxoil 3axeacke ¢ 3asaproi no ynuguyuposanmou Jlenun-
2padckoli cxeme BbIpabATHIBAIOT MPEUMYILIECTBEHHO COpTa Xjeba u3
CMECH PIKaHOM W MINICHUYHOW MYKH. 3aKBacKa C 3aBapKOd JIOJDKHA
uMeTh BIaxHOCTh 80-85%, kucmotHocts 9-12 Tpaj, MOABEMHYIO
cwity 10 30 MuH. sl cTUMYNSIMN KU3HECATSILHOCTH JPONOIKEH
3aKBacKy OCBEXaroT MUTATEbHOW CMEChIO U3 MYKH U BOABI C J00aB-
JeHreM 3aBapku B konmdectBe 20-35% k macce cMmecu. [Ipu 3amece
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TecTa C 3aKBackoi BHOCAT 15-20% MyKH OT OOILIETO KOJMYECTBA B
Tecte. bpokeHue Tecta MpPOIOHKASTCS JI0 HAKOILIEHUS TpeOyeMoit
KHCJIOTHOCTHU B 3aBHCUMOCTH OT copTa XJjieba. B pa3zBogouHom 1ukie
JKUJKYIO 3aKBACKy TOTOBSAT C MPUMEHEHUEM CMECH YUCTBIX KYIBTYP
npoxokeit S. cerevisiae JI-1 B coueTaHUM CO CMECHIO YHUCTBIX KYJIBTYP
L. plantarum-30, L. casei-26, L. brevis-1. L. fermenti-34 uiu cyxoro
JIAKTOOAKTepUHA JUISL KHUJKUX XJICOHBIX 3aKBACOK M3 CMECH 3TUX KE
IITAMMOB MOJIOYHOKHCIIBIX OakTepuii. B MpoOW3BOJACTBEHHOM IIHKIIC
SKUJKYIO 3aKBACKY C 3aBapKOM OCBEXKAIOT MO JOCTHXKEHUU KUCIOTHO-
ctr 9-12 rpax yepe3 3-5 u OpokeHust (B 3aBUCIMOCTH OT BIa>KHOCTH)
myteM oToopa 50% crenoil 3aKBacKU B PACXOHBINA YaH U Jlajee UcC-
MOJIb30BAHMS €€ Ha 3aMeC TecTa W J00aBlIeHUS B OpOIWIBHBIN YaH
K OCTaBIICHCS Macce 3aKBACKU MUTATEIBHOM CMECH U3 MYKH, BOJBI
Y 3aBapKu AJI1 BOCIPOM3BOACTBA 3akBacku. ComepikaHue 3aBapKu B
nuTatenbHol cMecu coctapisieT 20 u 35% npu BIaXKHOCTU 3aKBACKU
cooTtBeTcTBeHHO 80 1 85%.

Ha xonyenmpuposannoii 6e30poicoice8oti MOIOUHOKUCTOU 3aK6a-
cxe (KMK3) pexomenayercsi BbIpaOaTbiBaTh Xj1e0 U3 pP:KaHOH MYKH
Y CMECH PXKaHOW M MIICHUYHON MYKU Ha MPEANPUSITHIX, paboTaro-
IIUX B JIBE€ CMEHBI WM C MepephiBaMu B OTAeibHbIC AHH. CyIIHOCTD
crioco0a 3aKIIo4aeTcs B IMPUTOTOBICHHM 3aKBACKU BIAXKHOCTBIO
60-70%, xuciaorHoctbio 18-24 rpan npu temmneparype 37-40°C. Oc-
HOBHYIO MUKPO]IIOPY TPEJCTABISIOT MOJOYHOKHUCIBIC OaKTepPHH.
[Ipu 3amece TecTa ¢ 3akBackoi pacxoayrot 5-10% Myku ¢ mocneny-
IOIUM OpOXKEHHEM TecTa JI0 HAKOIUICHUs TPeOyeMOi KHUCIOTHOCTH
B 3aBHCHUMOCTH OT copTa Myku. B paszBogounom nuxie KMK3 BbI-
BOJIAT C MMPUMEHEHHEM CMECH JKUIKUX KynbTyp L. plantarum-30, L.
casei-26, L. brevis-1, L. fermrnfi-34 wnu cyxoro nakro0akreprHa AJis
JKUAKUX XJIEOHBIX 3aKBACOK. YHCTYIO KYJIBTYPY IPOXKKEH HE BHO-
CAT BBUIY BBICOKOM KHCIOTHOCTH 3aKBAacKu. B Mpon3BOACTBEHHOM
nukie KMK3 ocBexaroT npu COOTHOILIEHUU CIIENON 3aKBACKU U MH-
TaTenbHON cMecHu paBHOM 1:9 otrbopom 90% KMK3 kucnoTHOCTBIO
18-22 rpan u go0aBJIeHNEM SKBUBAJICHTHOTO KOJIMYECTBA MTHTATEb-
HOUM CMECH U3 MYKHU U BOJIBI.

B mporecce nmponsBocTa xyieba myTeM CHCTEMAaTU4eCKOro OCBe-
JKEHHsI 3aKBaCKHM MYKOU M BOJIOM (ITUTATeIbHON CMECHIO) M TIO/IJIepIKa-
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HUS ONITUMAJIBHOH TeMIIepaTypPhl CO3JJAI0TCsI OJ1aroONpPHUSITHBIC YCIIOBUS
JUTSL JKU3HEICATEIIBHOCTH JIPOXIKESH U MOJIOYHOKHUCIIBIX OaKTePHiA.

Jlis perynupoBaHUsl KU3HEACITEIBHOCTH OPOAMIBHOW MHKPO-
¢Gopsl  HEOOXOTUMO YUYUTHIBATH (DU3MOJIOTHYECKHE OCOOCHHOCTH
BHOCHUMBIX KYJBTYp U BIUSHHUE HA HUX OTJACIBHBIX (DaKTOPOB BHEIII-
Hell cpensl. Ha pa3Butie Apoxoked M MOJIOYHOKHCIBIX OakTepuil B
PKaHBIX W MIICHHYHBIX MONy(padpukaTax BIHMSET IENbI KOMILICKC
(aKTOpOB, B YaCTHOCTH, TEMIIEPATypa, BIAXKHOCTh, KHUCIOTHOCTh
CpeIbl, KOJIMYESCTBO 3aBapKHU, KAYECTBO MYKH, MUKPOOHOJIOTHYECKOE
COCTOSIHHE CBIPbSI U BOJIbI, 4 TAK)KE CAHUTAPHOE COCTOSTHUE Ha TPe/I-
MPUATHH.

Hapy1ieHus: TeXHOIOTMYECKOTO IPOIecca MPUTOTOBICHUS 3aK-
BAaCK{ BBI3BIBAIOT U3MEHEHMsI B COCTaBE MUKPO(IOPHI 3aKBAaCKH, B
YaCTHOCTH, CHIKCHHE KOJIMYECTBA JPOMOKEBBIX KJIIETOK U yBEJIHYE-
Hue OakTepuid, OBICTPYIO MOPYY 3aKBACKH, YXY/IIICHUE CBONUCTB TeCcTa
¥ KauecTBa xJeoa.

BaxHbIM yCIOBHEM MTPOU3BOICTBA PIKAHBIX U PIKAHO-TIIIICHUYHBIX
COPTOB XJ1e0a SIBISETCS CTPOTUN TEXHOJIIOTUYESCKUI U MUKPOOHOJIOTH-
YECKUH KOHTPOJIb MPUTOTOBJICHUS 3aKBacKU M Tecrta. [Ipu npaBuib-
HOM BEJICHUU TEXHOJIOTMYECKOTO MPOIIecca PrKaHbIe 3aKBACKH MOYXHO
rotoButh B TeueHue 0,5-1 roga 6e3 moaHoro OOHOBICHHUS 3aKBACOK.

3.2 POAb APOXOKEN N MOAOYHOKUCABIX 6OKTEpPUM Npun
MPOU3BOACTBE PXXAHOro XAeba

PaznooOpasnas Mukpodopa pKaHbBIX 3aKBACOK M TecTa Tpel-
CTaBlieHa JpOXOKaMH Saccharomyces M MOJIOYHOKUCIBIMH OaKTe-
pusimu Lactobacillus B konmnuectBennom cootnomenun 1:80. Haps-
oy ¢ Saccharomyces cerevisiae B TeCTe BCTPEYaeTCsl M IPyrod BUA
apoxokeit — Saccharomyces minor. Tak, Ipu BBICOKOH KHUCIOTHOCTH
(13-14 rpanx) mocne 15-30 qHei BeleHUs 3aKBACOK HA YUCTHIX KYJlb-
Typax MOJIOYHOKHCIBIX OaKTepHid U IpooKax S. cerevisiae, UCTIONb-
3yeMble MIepBOHAYaLHO JPOXOKUA HE oOHapyKuBaloTcs. B 3akBackax
NOPUCYTCTBYIOT MEJIKHE APOXKH S. Minor — APOXKKH, CTABIINE B pe-
3yJbTaTe €CTECTBEHHOT0 0TOOpa Crenn(pUUeCKUMH sl PKaHOH 3aK-
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BaCKH. YCTaHOBJICHO, YTO APOXOKU S. minor, He umerone GepMeHTa
0-TJIFOKO3H/Ia3bI, XOPOILIO Pa3BUBAIOTCS B piKAHBIX 3aKBackax. JTO
MOXHO OOBSICHUTH BBICOKHM COJIEPYKaHWEM COOCTBEHHBIX CaxapoB B
pxaHol Myke (5,5% B pxkaHoit 00oiHOM 1 10 6,5% B prkaHOU 00-
nupHoi Myke). Kpome Toro, B pesynbrare neiicTBusi pepMEHTOB MyKH
1 KU3HEACATEIILHOCTH MOJIOYHOKHUCIBIX OaKTepuil 00paszyeTrcsi HeKo-
TOpPOE KOJIMYECTBO CaxapoB, JOCTYIHBIX Uil COPayKUBAHUS TaHHBIM
BUOM JPOXOKEH. B 3aKBackax u Tecte U3 prKaHoOi MyKH 0OHapYKEeHO
TaK)k€ HEKOTOPOE KOJIMUYECTBO AUKUX IUIEHYATBIX Apoxkxkeil. Momou-
HOKHCJIBIM OaKTepHsM NPUHAIUICKHUT BeIyllas poib Npu OpOKeHUH
pkaHbIX TomydadpukaroB. Mojo4Has KHCIOTa 3HAYUTEIBHO BIHSET
Ha PeoJIOTHYECKUe CBOMCTBA prkaHOro TecTa. KucimoTHocTh crnocoo-
CTBYET HaOyXaHHMIO ¥ TIEITU3AIMU OEJIKOB pKaHOW MYKH, 33 CUET YEeTO
YBEJINYMBAETCS BSI3KOCTh TECTA, BO3PACTAET €ro razoyJepKuBaroas
cnocoOHOocTh. KpoMe Toro, conepkaiuiics B pkaHOH MyKe aKTHBHBIN
(bepMeHT 0-aMuinasa, odecrednBaeT HaKOIJICHNE B TECTE JEKCTPUHOB,
YTO JeNaeT MSIKHII PXKaHOTO XJieOa JIMIKUM U 3aMUHAIOIUMCs. AK-
THUBHOCTb 0-aMHUJIa3bl MOYKHO OTPAaHUYUTh MOBBIIIEHUEM KUCIIOTHOCTH
3akBacku. l'etepohepMeHTaTHBHBIE MOIOYHOKHUCIIBIE OaKTEpUU yda-
CTBYIOT B Pa3pbIXJICHHH TECTa 3a CUeT 00pa30BaHUS JUOKCHIA yIiie-
pona. MoJodHOKHCIbIe OaKTEpHH OKa3bIBAIOT OONbLIOE BIUSHHUE Ha
BKYC M apoMar p>kaHoro xJyieba. [IpuHATO cuuTaTh, 4TO BKYC M apoMar
x71e06a BO MHOTOM ONPEAEISIOTCS COOTHOILICHHEM MOJIOYHOU U JIeTy-
YHUX KUCIOT. [oModepMeHTaTHBHBIE BUABI MOJIOYHOKHCIIBIX OaKTepHid
00pazyrot 10 10% neTyuux KUcIoT, B TO BpeMsl Kak y retepodepMeH-
TaTUBHBIX KOJIMYECTBO JIETYUHX KUCIOT B 2-3 pa3a Oombiie (Y OTaesNb-
HBIX IITAMMOB KOJIMYE€CTBO KUCJIOT cocTaBiisieT 10 34%). [omodep-
MEHTaTHBHBIE KYJIBTYPbl 00pa3yIoT MEHbILIE OPraHUYECKUX TU- ¥ TPH-
KapOOHOBBIX KHCJIOT, HO HECKOJIBKO OOJbIIE JETyYHX KapOOHMIBHBIX
coeauHeHunid. ['oModepMeHTaTUBHBIE BUIBI, KaK MIPABUIIO, SBISIOTCS
Oonee CUIIBHBIMU KHCIOTOOOpa30BaTe/IIMU. YCTaHOBJICHO, YTO XJieO
Ha TYCTBIX 3aKBacKax ¢ MPUMEHEHHEM OJHHX TOMO(EpPMEHTaTUBHBIX
BUJOB MOJIOYHOKHUCIBIX OaKTEpUH JIMIIECH CIEHU(PHUECKOTO apoMara.
Pa3zBuTHe TONMBKO reTepoEepMEHTATUBHBIX KYJIBTYp CIOCOOCTBYET
OoJbIIEMY HAKOIJICHHUIO YKCYCHOW KMCIIOTBI, KOTOpasi MpHaaeT XJely
pe3kuil 3amax u Oosee kuciblid BKyc. Hanbonee xopommit xned mo
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BKYCY M apOMary MoJy4aeTcsl MPH COBMECTHOM ITPUMEHEHHUH TOMO- U
rerepo)epMEHTaTUBHBIX IITAMMOB KHCIOTOOOpa3yoUnx OakTepuil B
cooTHouIeHuu 1:2.

B rycThIX piKaHBIX 3aKBacKax MPUCYTCTBYIOT JiBa BHJAa MOJIOY-
HOKHCIBIX Oakrepuit — L. brevis u L. plantarum, uto cBs3ano, oue-
BUJIHO, C TEMIIEPAaTypHBIM PEKHMOM HPUTOTOBJIICHHUS TYCTHIX 3aKBa-
COK, KOTOpBIH OJM30K K ONTHUMAaJbHOM TeMIepaType pasBUTHS LIS
JaHHBIX BUIOB Oaxktepuid. J[pyrue BHIBI MOJOYHOKHUCIBIX OaKTepHid
NpU BHECEHHH B T'YCTbI€ 3aKBAaCKH HE BBIACP)KUBAIOT KOHKYPEHIMH
CO CIMIOHTaHHOH MUKpodmopoit MykH. JKUIKHE pKaHble 3aKBACKH MO
BUJIOBOMY COCTaBY KMCIIOTOOOpa3yromeil MUKpOQIOPHI MaJlo OTIHYa-
I0TCsl OT TycThIX. OHaKO, MPU OPOKEHUH >KUAKUX 3aKBACOK CyIIle-
CTBEHHYIO pojib Hapsny ¢ L. brevis u L. plantarum. urpatot Buasl L.
fermenti u L. Casei. [lo-Bunumomy, Temmneparypa KUIKUX 3aKBACOK
32-35°C oka3zbiBaeT OnaronpusaTHOE Bo3neiicTBUe Ha BUABI L. casei n
L. fermenti, A7l KOTOPBIX ONTUMYM TEMIIEPATYpPbI JEKUT Bbime 30°
C. Kpome Toro, Ha BHI0BOH cOcTaB MUKPOQIOPHI KUIKAX 3aKBACOK
BJIMSIET MPUMEHEHHE YHCTBIX KYJIbTYp. B jKMAKHX 3aKBackax, BbIBe-
JEHHBIX Ha YHCTBIX KYJIbTypax, HapAgy C HCIOJIb3YEeMBIMH BHIAMH
MOJIOYHOKHCIIBIX OaKTEepUi, CIOHTAHHO Pa3BUBAIOTCS APYI'He BUABI,
IPY 3TOM OOJIBIIYIO POJIb UTPAIOT OAKTEPUH, BHECEHHBIE B Pa3BOI0Y-
HBIN LUKIIL.

[Ipu mpUroTOBNIEHNHN PXKAHBIX 3aKBACOK B IIpOIecce KyIBTHBHPO-
BaHHS MOJIOYHOKHUCIIBIX OaKTEepHU U Opooicoiceli nociedHue oKa3vléad-
10m NON0HCUMENbHOE 6UAHUe Ha CIeTYIOIINe TPOLECChI:

— oforamaroT cpeay psIOM BKCTPALECUTIONSPHBIX HPOAYKTOB
CBOET0 MeTaboyn3Ma | JIeNaloT ee Oosee OIaronpusTHOHN U1l pa3Bu-
THUSI MOJIOYHOKHUCIIBIX OakTepuil. B mpucyTcTBrUM ApokKeid mocienHue
MOTYT Pa3BUBAaThCSl B )KUAKUX Cpelax, IIe OHU CaMOCTOSTEIbHO HE
pasMHOXKaroTCsl (3T0 HAOIIOAAETCS B MUTATEIBHBIX CMECSX, JIMIICH-
HBIX PsJia BATAMHHOB, aMUHOKHCIIOT, ITyPUHOBBIX M TUPHUMUIMHOBBIX
OCHOBaHUM);

— 00ecrneynBalOT YCIOBUS U JKU3HEACATENBHOCTH KHCIIOTO-
oOpasyronux OakTepuii, MoTpeOsisi KUCIOPOJ, CIOCOOCTBYIOIIUNA
MOBBIILICHUIO KHUCJIOTHOCTH 3aKBAaCKH, BBI3BIBAEMOW OaKTepHsIMU
L. brevis u L. fermenti;
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— aCCHMWJIMPYIOT OPTraHNYECKUE KUCIOThI — MPOAYKThI KU3HEE-
ATEJIEHOCTH MOJIOYHOKHUCIIBIX OaKTepHi.

B cBoro ouepens, monouHOKUCIbIE GAKMEPUU OKA3LIBAION NOJIO-
JIcUmenbHoe 6UAHIe Ha CIEAYIOIINE IPOLECCHI:

— o0ecneynBalOT YCIOBU JKU3HENesATeIbHOCTH Saccharomyces,
MOBBIIIAsI KUCIOTHOCTH CPE/Ibl, YTHETasi KOHKYPEHTHBIE BUIBI;

— PpacIIEIUISIOT MajbTo3y Ha JBE MOJIEKYJBI INIOKO3bI, KOTOpas
MOJHOCTBIO yCBAaMBAETCSl OPOMOKAMH, YCKOPSisl Ta3000pa3oBaHUE B
3aKBaCKax;

— HEKOTOpbIE BUBI OaKTEpUil THAPOIN3YIOT CIIOKHBIE a30TUCTHIC
COeMHEHHs, 00ecIeunBasi a30THBIM ITUTAHHEM JIPOXKKEBBIC KJIETKH.

OpHaxo B ONpEAETIEHHBIX YCIOBUSIX APOACIKA U MOJIOYHOKHCIIBIE
OaKTepuu MOTYT yeHemams IpyT Apyra:

— TIOBBIIIEHHOE COZAEP’KAHME 3aBapKH B COCTABE MUTATEIbHOMN
CMECH M KYJIBTUBHPOBAHHE MHUKPOOPraHM3MOB MpPU TeMIepaType
30°C obecrnieunBaeT MHTEHCHBHOE Pa3MHOXKECHUE APOXKIKEBBIX KIle-
TOK, co3iaBasi AePUUUT cOpaKMBAEMBIX CaxapoB AJISI MOJOYHOKHC-
TBIX OaKTepuu;

— MOBBIIIEHHE TeMIeparypsl 3akBacku 10 32°C HebmaronpusT-
HO CKa3bIBAeTCs Ha KU3HEJEATENIbHOCTH JPOXKAKEH, UTO MPUBOAMUT K
YXYIILEHUIO MOABEMHOM CHIIbI 3aKBACKH, IPH STOM UHTCHCUPHULIUPY-
€TCsl KUCIIOTOHAKOIIJIEHUE;

— YKCyCHasl KHCJIOTa, CHHTE3UpyeMasi MOJOYHOKHCIIBIMHU OaKTe-
pusimu B kostndecTBe 1 T Ha 100 r 3aKkBacKH, TOPMO3UT JKU3HEESTEIb-
HOCTb BCEX BHJIOB JIPOXIKEN;

— MOJIOYHOKHCIIbIE OaKTEPUU MOTYT apa3UTHPOBATh Ha APOXKIKeE-
BBIX KJIETKaX C pa3pyLICHUEM MOCIEIHUX, OCOOCHHO MPH MOBBIILIEH-
HBIX TEMIIEpaTypax.

TakuM 006pa3omM, OCHOBHBIMH THIIAMH OPOKEHHSI B PKAHBIX MOJTY-
(abpukarax SBIAIOTCS CIUPTOBOE M MOJIOYHOKHCIOE TOMO- U TeTe-
podepmentatuBHoe. Kpome TOro, NporcXoAsT B ONpEACICHHON Mepe
JIpyrue THUIBI OpokeHUs (IPOMMOHOBOKHUCIIOE, OyTHIICHITIMKOJIECBOE,
aIleTOHOATUIIOBOE, alleTOHOOYTHIIOBOE M MACIISTHOKUCIIOR).

MornouHas KHCI0Ta nMpuaaeT xjaedy KUCIOBaThIii BKYC, a JIETy4ne
KHCIOTHI — cnienuduueckuii apomar. Kpome JeTyuynx KHUCIOT BIUS-
HUE Ha apoMmar xyieba OKa3bIBalOT M- U TPUKAPOOHOBBIE KHUCIOTHI,
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a TaKXKe KapOOHWILHBIC COCUHCHHS, B TOM YUCJIE CIUPTHI, SPUPHI,
aJbACTU/IBI, KETOHBI, CEPOCOEPIKAIINE COSAUHEHHUSI U MHOTHE ApY-
rue. B 00pa3oBaHUM MHOTHX U3 HUX yYaCTBYIOT KaK MOJIOYHOKHUCIIBIC
OakTepuu, Tak U JPOAOKU.

B npou3BoACTBEHHOM LUKIIE IPU MHOTOCTYIICHYaTOM COpaKuBa-
HUY 3aKBACKU M TECTa U3 PXKAHOH 000WHOI MYKH B TeueHue 24 4acoB
MOJIOYHAsI U YKCYCHasl KHCJIOThI OOpa3yrTCs B SKBHMOJIIPHBIX KO-
JIMYECTBAaX B COOTBETCTBUM C aHA’POOHBIM MPEBPAIICHUEM THPOBU-
HOTPAAHOU KUCJIOTHL. YCTAHOBJICHO, YTO YEM BBILIE JIOJI1 YKCYCHOM
KHCJIOTBI B O0OIIIEM COJIEPIKAHUH KHCIIOT, TEM PE34€ BBIPAKCH KHUCITBIN
BKYC TOTOBOTO m3jienus. Josi YKCYCHOUM KHCIIOTHI B OOIIEH KUCIOT-
HOCTH pKaHOoTro Tecta coctasisieT oT 20 10 40%. MonouHas kuciora
OJIaroNpUsTHO BIUSET HAa NEITU3AIUIO OCITKOB U aMHJIOIHN3 KpaxmMara,
U, COOTBETCTBEHHO, HA CTPYKTYPHO-MEXaHUYECKUE CBOMCTBA PiKAHO-
ro Tecra.

[Ipu noBeieHnu Temneparypsl 6poxenus: ot 27 no 37°C coort-
HOIIIEHUE KUCIIOT U3MEHSETCSI B CTOPOHY YBEIMUYEHUS MOJIOYHOM KHC-
JIOTHl. YMEHBIICHUE KOJIMYSCTBA BOJHLI B 3aKBACKE 110 OTHOLICHHUIO K
MYKe MPUBOANT K YBEIMYCHHUIO CKOPOCTH OOIIET0 KHCIOTOHAKOILIC-
HUS U YBEIMYCHHUE JOIH YKCYCHOUM KUCIOTHI. BHECEHHbBIE B 3aKBACKY
JPOXOKU TIPUHUMAIOT YYacTHUE B TPOIECCE HAKOIUICHHSI KUCIOTHO-
CTH, YTO CBSI3aHO ¢ 00pa30BaHUEM YTOJBHON KUCIIOTHI U3 JHOKCHJIA
yIJIepo/ia, CHIKAs TOJIF0 YKCYCHOHM KUCIOTHL. JloOaBiieHHe K 3aKBacKe
(TOPUCTOTO HATPUSI U3MEHSET COOTHOIIEHUE MOJIOYHOW M YKCYCHOU
KHCJIOT B CTOPOHY YKCycHOM. Kpome Toro, BakHbIM (haKTOPOM pery-
JUPOBAHMS COOTHOIICHHSI MOJIOUHOW M YKCYCHOW KHCJIOTHI B 3aKBa-
CKax SIBIISICTCS MOI0OP COOTHOIIEHUS Pa3jIMYHBIX BUJIOB MOJIOYHO-
KHUCIIOW MUKPOQIIOPHI.

IIpu moBbIIIEHUH KUCIOTHOCTU CPEAbl B PE3YAbTAaTe >KU3HEACS-
TEIBHOCTH MOJIOYHO-KHCIIBIX OaKTEPHI MOBBINIAETCS PACTBOPUMOCTD
A30TUCTBHIX, BEIIECTB B BOJIE, YTO MPUBOAUT K CHIKEHHUIO COMICPIKAHUS
[JIMIMHOBOM ¥ B MEHBIIICH CTEIICHU TIIFOTEHUHOBOM (ppakiiuu Oenko-
BBIX BEIICCTB PIKAHOIO TECTA, YBEIUUCHUIO CONCPKaHUS PaCTBOPU-
MBIX OCIIKOB B 3aKBACKE, YBEITUUYCHUIO KOJIMYECTBA HU3KOMOJICKYIISP-
HBIX (Ppakiuii OenKoB. 3HAYUTEIbHASI YaCTh OCJIKOB PyKaHOW MYKH B
TECTe HEOTPAHUYCHHO HA0yXaeT, MENTH3UPYETCs, IEPEXOJIUT B COCTO-
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STHAE BSI3KOTO KOJUIOMIHOTO PacTBOpa, COCTABIISIIOIIET0 OCHOBY YKH/I-
kol (hazel prkanoro Tecta. XKunkas aza p>KaHOTO TecTa OnpeesseT
CTPYKTYPHO-MEXaHUUYECKHE CBOICTBA PHKAHOTO TECTA: BBICOKYIO BSI3-
KOCTB, TUIACTHYHOCTbD, MaJyl0 CIIOCOOHOCTh K PacTsSHKEHUIO, HU3KYIO
ynpyrocts. Hegocrarounast 1 CIMIIKOM OOJbIIasi MENTU3ALHS OCIKO-
BBIX BEILECTB B PKAHOM TECTE HEXKeJarelbHa, T. K. MOXKET MPUBECTH
K 4pe3MEPHOMY PazKMKEHHIO TECTa U CHIDKEHHIO €r0 CIIOCOOHOCTH
yAepKUBaTh (POPMY IPH PACCTOMKE U BBITIEUKE MOJOBBIX BUIOB XJIe0a.

3.3 Cnoco6bl NPUroTOBAEHMS MILEHUYHbIX 30KBACOK

[IpuroToBnenne NIIEHUIHOTO TECTA HA )KUIKUX MIICHUIHBIX 3aK-
BacKax PEKOMEH]IyeTCs C Pa3TUIHON LETbI0:

— ISl pa3pBIXJICHUS TECTa;

— TIpu TIepepadoTKe MYKH C TOHIKEHHBIMH XJIEOOTEeKapHBIMHU
CBOWMCTBAMH;

— @IS YCTPaHEHHs ONMACHOCTH BO3HUKHOBEHHS KapTO(hembHOMH
0oJ1e3HHU;

— 7Sl MHTEeHCU(HMKAIINK CO3PEBAHMS TECTa B YCKOPEHHBIX TeX-
Honorusix. [Ipumensiercs Oonee 10 pa3nuyHBIX CXeM MPUTOTOBICHUS
KHUJIKUX TIIEHAYHBIX 3aKBACOK. 3aKBACKH, HCIIONB3yeMbIe U pa3-
PBIXJIEHUS TECTA, TOTOBAT C MCIIOIB30BAaHUEM YUCTHIX KYJIBTYp APOXK-
Kel, a WHOoTAa KylmbTyp Me30(HIbHBIX Oakrepuit (J[xamOymbckas
cxema u JI-4). 3akBacku, WCIIONB3yeMbIEe KaK CPEICTBO ITOBBIIICHUS
KHCJIOTHOCTH TIONy(haOpHUKaTOB W YCKOPEHHS CO3PEBAaHUS TECTa, TO-
TOBSIT C MCTIOJIb30BAHUEM TOJIBKO YHCTBIX KYJIBTYP MOJOYHOKHUCIBIX
6axrepwmii (Kazrunpormmenpom, BHUMXII, KMK3).

OHH TPEACTaBIAIOT COO0W KOMOWHAIINA W aCCOIMAINH Pa3HBIX
BHJIOB M IITAMMOB MHUKPOOPTaHH3MOB M MOTYT IPUMEHSTHCS B KU/~
KOM, CyXOM H TTacTO00Opa3HOM COCTOSTHUH. Yaiiie BCero B MIIIEHUIHBIX
3aKBacKax MCIOIB3YIOT MOJOYHOKHCIBIE OakTepuu BUAOB L. casei,
L. brevis, L. fermenti, L. leichmanii, L. delbruckii, L. plantarum u
Ipoxcku Buma Saccharomyces cerevisiae. Panee MUKpOOpraHU3MEL,
MpeIHa3HaYeHHBIE U TTPOW3BOACTBA IMIIIEHWYHBIX 3aKBACOK, BBI-
JIEJSITA W3 CIIOHTaHHBIX 3aKBACOK WJIM TIPOU3BOJICTBEHHBIX CPEI.
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CoBpeMeHHBIE JIOCTHIKEHUSI B 0071aCTH OMOTEXHOJIOTUH, CEICKIIUH,
MOJICKY/ISIPHOM OMOJIOTUY MTO3BOJIMIIN PEIINTH 33724y IPOTPaMMHOTO
CO3J/IaHUs 3aKBACOK Ha OCHOBE OTOOpPa MUKPOOPTaHU3MOB C 3apaHee
3a/IaHHBIMH CBOWCTBaMHU, TIOJTYYCHHBIX B PE3yJIbTaTe THOPUIN3AIIH,
MyTareHe3a, MHAYKIUMU M agantanun. OTOOp MHUKPOOPTaHU3MOB
MPOU3BOAUTCS C YYETOM HA3HAYCHUS TOW WM HHOW MUIICHUYHOU
3aKBaCKH, KaK, HalpuMmep, NMOJyYeHHEe MUKPOOUOIIOTUYECKUA YHCTOM
MPOAYKIUU (aHTUOMOTHYECKOE JSHCTBUE HA CIIOPOOOPa3YIONIyI0 U
rpuOHYI0 MUKPOQIIOpY), MPUAAHUE H3ICIHSIM 3alUTHBIX CBOWCTB
Onaronapsi 00OTraIIeH!I0 -KaPOTUHOM U BUTAMUHAMU TpyIiel B u D,
YBEJIMYCHUE MUILIEBON IIEHHOCTH B PE3yJbTaTe MOBBIIMICHUS COIEp-
’KaHUS HE3aMEHUMBIX aMUHOKHCIOT U JIETKOYCBOSIEMBIX CaxapoB U
T. 1. Kpome Toro, Hamu4ue B COCTaBe HEKOTOPBIX MIIICHUYHBIX 3aKBa-
COK JPOX’KEBBIX KJIETOK C BBHICOKON MalIbTa3HOW aKTUBHOCTBIO JAAaeT
BO3MOKHOCTh MCIOJIb30BaTh TAKUE 3aKBACKU B YCKOPEHHBIX CXEMaX
TECTOMPUTOTOBIEHUS, COKpAaTUTh Ha 30-50%, a UHOTIA U TTOJTHOCTHIO
WCKJTIIOYUTh MCIOJIB30BAHUE TPECCOBAHHBIX WM CYIIEHBIX XJ1e00-
MIEKAPHBIX JIPOXOKEH B pelenTypax OTIEIbHBIX COPTOB Xjeba u Oy-
JIOYHBIX U3JCIUH, YTO JaeT ONPEIEICHHBIN YKOHOMHYECKH 3PPeKT
MPEINPUITHIO, @ B PETHOHAX, HE 00CCICUEHHBIX XJIEOOIIEKapHBIMU
JPOXOIKAMU, CITY>)KUT €IMHCTBEHHBIM CIIOCOOOM TONy4YeHHs Xie0o-
MEeKApHOHN MPOayKUHUU. VICTOUHUKOM YHCTBIX KYIBTYp SIBISIOTCA MY-
3¢HBIC NITAMMBI, MPUMEHSIEMbIC B XJICOOTCKAPHOM, IPOXKIKEBOM,
MOJIOYHON IPOMBIILIEHHOCTH, KYJAbTYPHl, BBIACICHHBIE U3 TPOU3-
BOJICTBEHHBIX CpPE[l, 32aKBACOK CIIOHTAHHOTO MPOUCXOXKICHUS, a TaK-
K€ TIPUPOIHBIX HCTOYHHUKOB.

B ocHoBe cozmaHust onpeaeNeHHbIX BUAIOB 3aKBACOK JIEXKAT Clie-
JIYIOIINE ACTICKTHI:

— CEeJIeKIUS BBICOKOAKTUBHBIX BUIOB U IITAMMOB MUKPOOPTaHU3-
MOB C OIPE/ICIICHHBIMU (DU3UKO-OMOXMMHUYECKUMU CBOWCTBAMH, CIIO-
COOHBIX Pa3BUBATHCS HA MYUYHBIX CpeJaX B YCIOBUSX HE3HAYUTEIIh-
HOH aspauuu;

— nuddepeHIUPOBaHHBIA TMOX0J] K MPUMEHEHHUIO 3aKBaCOK B
3aBUCHMOCTH OT IPOOJIeM U 3a/iau XJIe0OMeKapHOro MPOU3BOACTBA C
Y4EeTOM MPUHIIUIIA UX HAMPABICHHOTO KyJIbTUBUPOBAHUS,

— ONTHUMH3AIUS TAPAMETPOB MIPUTOTOBICHHUSI 3aKBACOK.
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TpeOoBaHMsI, IpeABSIBIAEMBIE K 3aKBACKAM:

— CMocoOHOCTh pa3BUBATHCS HA MYYHBIX Cpelax;

— cTaOUIBHOCTD NIPU HEMPEPHIBHOM KYJIBTHBHPOBAHHM;
OTIpeeNICHHBIH YPOBEHb (PepMEHTATUBHON aKTUBHOCTH;
CHHTE3 HEKOTOPBIX BUTAMHHOB;

— HaJIM4Yhe aHTUOMOTUYECKOW aKTHBHOCTH.

s xneOonekapHOW MPOMBILUIEHHOCTH pa3padoTaHbl cleaylo-
M€ BUJIBI 3aKBACOK ISl IPUTOTOBJICHHSI MIIEHUYHOTO TECTa: Me30-
¢ubHasl, KOHIEHTPUPOBAHHAST MOJOYHOKHCIIAs, KOMITJICKCHAS, aly-
no(unbHas, IPOXOKEBast, TPOITMOHOBOKHUCIIAS, «BUTAMUHHAS.

Mesoghunvras monounoxucaasa sakeacka. Me3ohHUIbHYIO 3aKBa-
CKy NPUMEHSIOT MPH NepepaboTKe MyKH ¢ TOHIKEHHBIMU XJjie0ore-
KapHBIMU CBOMCTBaMH U3 3€pHa, TOBPEXKIECHHOTO KIOMOM-4Yepernari-
KOH, MPOPOCILIETO, BBICYIIEHHOTO ITPH BBICOKOH TeMIIEpaType, MOpO3-
000WHOTO U APYTOTO, a TAKKE C UENBIO MPEIOTBPALICHUS KAPTOPETb-
Holi 6one3Hu. CyIHOCTh coco0a CBOAUTCS K HAKOTIJICHUIO BBICOKOM
KHCJIOTHOCTH B 3aKBacKe Me30(MILHBIMH MOJIOYHOKHCIBIMU OaKTe-
pusimu Buaa Lactobacillus fermenti-27 npu Temmneparype 37° C. Kynb-
Typa Me30(QHIIbHBIX MOJIOYHOKUCIBIX OakTepuii L. fermenti-27 Boize-
JieHa U3 MUICHUYHOW 3aKBACKU CIIOHTAHHOTO OpokeHHs. OnTumab-
Hasl TeMIIepaTypa JKu3HeaesITeIbHOCTH OakTepuii coctasisier 37°C. B
BOJHO-MYYHOH CpeJie BIaXKHOCTBIO 75% M3 MyKH BTOPOTO COpTa OHH
HAKaIUIMBAIOT TUTPYEMYIO KHUCIOTHOCTb 15-16 rpax B TeueHue 12 4
npu temneparype 37-40°C. llItaMM oTnuyaeTcss aHTarOHUCTUYECKH-
MU cBolicTBamH K OaktepusiM Bacillus subtilis, cropbl KoTopbIX sIB-
JSI0TCS BO3OyOUTENIMU KapTodenbHoi Oone3nu. Crenuduyeckoit
O0COOCHHOCTBIO ILTaMMa SIBISIETCSI CBOMCTBO OakTepuil NpOSBIATH
BBICOKYIO KHCIIOTOOOPA3yIOILyI0 aKTUBHOCTh Ha Cpele, COCTOSLICH
n3 neHnyHoi Myku [ nnnm I copra u Bozbl, 6€3 AOMOIHUTEIBHOTO
ocaxapuBaHusi Myku. bakrepun L. fermenti-27 akTUBHO MPOSIBIISIOT
JKU3HEJESITEIbHOCTD TPU BBICOKUX 3HAUEHHSX KHCIOTHOCTH CPEbI
(22-25 rpan, pH 3,6-3.,4).

TexHonoruyeckass cxema MPUTOTOBICHUSI 3aKBACKH COCTOUT M3
JBYX CTaJIHii: pa3BOJOYHBINA U MPON3BOACTBEHHBIN HUKIIBL. [IpuroTos-
JeHre Me30(pHMIBHOM MOJIOYHOKHMCIIONW 3aKBACKH IO Pa3BOJOYHOMY
LUKITy COCTOUT B IEPEXOJE CO CTEPHIILHOM Cpeibl Ha HECTEPUIIbHBIN
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CyOCTpaT U CONMPOBOXKIAETCS HECKOJIBKMMU TIEPECeBaMU MyTEM YBe-
nrnueHnst oobeMa B kax o ¢ase B 10 pas (1 wactb ucxoanoi gassl u 9
YyacTel nuTaTeabHoi cMecn). ISl 7TOro HaKOMICHHYIO YHCTYIO KyJb-
TYPY MOJIOYHOKHCIBIX OaKTepHil 3aceBalOT B MHUTATEIbHYIO CMEChH
(1:9) u xyneTUBUpYIOT IpH TeMmeparype 35-38° C. Yepes 24-36 ya-
COB TUTpyeMasi KUCIOTHOCTh Me30(MIbHOW MOJOYHOKHCION 3aKBa-
CKH{ JIOJIKHA cocTaBiATh 18-22 rpax ans myku I copra u 22-25 rpan
st myku 11 copra ninm 060iHHOM.

[Ipon3BOACTBEHHBIN LUK COCTOUT U3 CIEAYIOMINX CTaIUH:

— IPUTOTOBJICHHE TTUTATEIBHON CMECH;

— IPUTOTOBIICHHE 3aKBACKH;

— BO300HOBJICHHE 3aKBACKH.

Pexomennyemblil cOCTaB MUTATENBHON CMECH:

— MIIEHUYHasi MyKH BBICILIETO MJIM TIEPBOTO COPTa: BOJa MpPHU CO-
oTHomenuu 1:1,5;

— MIIEHUYHasi MyKH BTOPOTO COpPTa MM 000iHas: BOJa IPU COOT-
HoleHuu 1: 2.

BrnaxxHocTh 3aKBacKu M3 MIIEHUYHOW MYKH | copra cocraBiser
65-68%, 11 copra — 72-75%. Ilpu coOMONEHNN YCTAaHOBICHHOTO TEX-
HOJIOTUYECKOTO peXHUMa U pelenTypbl Me30(pHIbHasE MOJIOUYHOKHCITAS
3aKBaCKa COXpaHsIeT CTA0OMIIbHBIC TEXHOJIOTHYECKHE CBOMCTBA B TeUe-
HHE Toa. 3aKBacKa COACPIKUT B CBOEM COCTaBe OOJBIIYI0 OMoMaccy
MOJIOYHOKHCIIBIX OakTepui, (pepMeHThI, aMUHOKUCIOTHl U BHUTAMH-
Hbl. OCHOBHas1 OMOMacca 3aKBacKd — Me30(UIIbHbIE MOJIOYHOKHUCIIBIC
OakTepuu, 00ecIeunBarolIye ee BRICOKYI0 KHCIoTHOCTh (pH 3,6-3,8).
Me3so¢unbHas 3aKkBacka MPUMEHSIETCS] IPH BBIPAOOTKE MILEHUYHOTO
xJ1eba U3 MyKH JIF000T0 COpTa, MPUTOTOBICHHOTO TI0 Pa3IUYHbIM TeX-
HOJIOTHYECKUM cxeMaM. Ee ncronb3yroT B koiauuectse 3-6% Kk Mmac-
ce MYKH IIpH omnapHoM criocode, 8-10% — npu 6ezomapHoM criocode
npou3sBoscTBa. Kpome Toro, BO3MOXHO OZJHOBPEMEHHOE HCITIOIb30Ba-
Hue 10-20% MomouHO CBHIBOPOTKH U 4-6% Me30(pMIbHON 3aKBACKH
NPY TIPUTOTOBICHUH OTIapHhI.

Konyenmpupoeannas monounokucnas saxkeacka. Vcnonb3oBanue
KOHLIEHTPUPOBAaHHOM MonoyHokucioi 3akBacku (KMK3) pexomenny-
eTcsl ISl IPENNpPUSTHI C MPEPBIBUCTBIM PEKUMOM PaOOThI, TaK Kak
B HepabOouee BpeMsi KMK3 He TpebyeT nprHYAUTENBFHOTO OXJIaxke-
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HUS WU IpyTUX IPUEMOB KoHcepBHupoBaHus. [Ipurorosnenne KMK3
ocymiecTBisieTcs 1o JICHHHTpaaCKO# cxeMe ¢ TPUMEHEHNEM JKUIKUX
KYJIBTYP MOJIOYHOKHCIBIX OakTepuit L. plantarum-30, L. casei-26, L.
brevis-1, L. fermenti-34. JI7s moxy4eHus 3aKBaCOK MCIIONB3YIOT KaK
JKUJIKHE KYJIBTYPBI, TaK ¥ CyXOH JlakToO0akTepuH. Mcnonb3oBanue cy-
XHX KYJBTYP YCKOPSIET ¥ YIPOIIAeT Pa3BOIOYHBIN ITHKII, 00eCTIeUBa-
€T CTaOMIIbHOE Ka4eCTBO MOTy(hadpHUKaToOB U Xjieba U BO3ZMOKHOCTH
BHEJPEHUs JAHHON TEXHOJOTHH B JIOOBIX paiioHax cTpaHbl. OnTH-
MajbHasg TeMIepaTypa sl KU3HEAESITEIbHOCTH MOJOYHOKHCIBIX
oaxrepuit B KMK3 cocrasmsier 37-41° C. KMK3 umMeer BiiaxHOCTh
60-70%, kucnotHocth 18-24 rpaa. PazBonouHblil UK BKIOYAET 3
¢azpl. IlepBpie nBe (ha3bl MPOBOIAT B YCIOBUAX JabopaTopuu mpu
temreparype 38-41°C, ctuMynupyromeid pa3BUTHE MOJIOUYHOKUCTBIX
OakTepuil M CACPKUBAIOILECH pa3BUTHE APOXIKEBBIX KJIETOK M JPYTHX
MHKPOOPTaHU3MOB, TIOMAIAI0IINX ¢ MYKOH B 3aKBacKy. B mpomsBoa-
cteHHOM ke KMK3 ocBexaroT mpy cooTHOIIEHUH BRIOPOKEHHON
3aKBackH M muTarenbHoi cmecu 1: 9. Ilpu 3amece tecta Ha KMK3
B KauecTBE OHMOJIOTHUECKOTO Pa3pbIXJIUTENsl BHOCAT MPECCOBaHHBIC
i xuakue apoxoku. C 3akBackoit pacxoxyercs 5-15% myku ot 00-
IIei Macchl €e B TeCTE C MOCIEAYIONTNM OpOJKEHHEM TeCTa B TEUCHHE
60-120 MuH 10 TpeOyeMoii KHCIOTHOCTH B 3aBHCUMOCTH OT BbIpada-
TBIBAEMOT'O COpTa XJieba.

Uccnenosanus, nposeaenusie B [ocHUUXII. no3Bonunu 3Haun-
TEJIHHO PACIIMPHUTH BUABI MINIEHHYHBIX 3aKBACOK, pa3paboTarh TeX-
HOJIOTMW TIIIEHWYHBIX 3aKBACOK C OaKTEepPHIMJIHBIMH CBOHCTBaMH,
MOBBIIIEHHBIM COJIEP’KaHUEM OPraHUYECKHUX KHCIIOT, IETYYUX COEIH-
HEHUI — MPEAIIECTBEHHUKOB BKYCOBBIX M apOMAaTHYECKUX BEIIECTB,
CHUHTE30M BUTaMUHOB A, [], rpymrsl B, ynydlieHHBIMU TEXHOJOrnYe-
CKHMU TIOKa3aTeIsIMH.

OcHOBOH cO37aHHsI HOBBIX BHJIOB IMIIEHWYHBIX 3aKBACOK SIBIIS-
€TCsl CEJIEKIIMs BBICOKOAKTHBHBIX BHJIOB M IITaMMOB MHKpOOpra-
HU3MOB, CIIOCOOHBIX Pa3BUBAThCSI HA MYYHBIX Cpelax B YCIIOBHSX
HEe3HAUYNTEeNbHON a’paruu. [lpn 3TOM, MOMHMO TpPaJAWIIMOHHBIX Me-
TOJIOB CEJIEKIIMHU (BBIJIEJICHNE YUCTHIX KYJIBTYP MUKPOOPTaHU3MOB U3
CHIOHTAHHBIX 3aKBACOK M TPOM3BOJICTBEHHBIX CPEA), MCIONB3YIOTCS
COBpEMEHHBIE METOJIbI CEJICKINH: WHIYIIMPOBAHHBI MyTareHes, I'i-
Opuam3anus, aaanTaius, KOMOMHIPOBAHHbBIE METOBI.
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BaxxHpIM 3TanoM co3maHusl 3aKBaCOK HANpaBJICHHOTO JEHCTBUS
SBJSIETCSl COCTABIICHUE M3 CEJIEKIUOHUPOBAHHBIX MHUKPOOPTaHU3MOB
KOMIIO3UIMI B OmpenesneHHbIX cooTHomeHusx. [locne dopmuposa-
HUSI MEKPOOHOJIOTHYECKOT0 COCTaBa 3aKBACOK HEOOXOIUMBIM YCIIO-
BUEM HX CTa0MJIBHOCTH SIBIISICTCS ONTHMU3AIINS MTApPaMETPOB TPHUIO-
TOBJICHHUS 3aKBAaCKH: COCTaBa U CIIOCO0A MPUTOTOBICHHS OCHOBHOTO
NUTaTeNLHOTO CyOcTpaTa, ONTUMyMa TeMneparypsl, pH cpeabl, Kuc-
JIOTHOCTH, IPOAOJKUTENILHOCTH BhIpAIlMBaHUs, PUTMa 0TOOpa 1 BO3-
OOHOBJIEHUS 3aKBACKH U JIP.

VICTOYHUKOM YHUCTBIX KYyJIBTYp MHUKPOOPTaHM3MOB SIBIISIIOTCS MY-
3eliHbIe IITaMMBbI, IPUMEHSIEMbIE B XJIeOOMEeKapHO, IPOKKEBOM, MO-
JIOYHOM MPOMBIIICHHOCTH, KYJIBTYPbI, BBIJICICHHBIC U3 MPUPOIHBIX
MCTOYHHMKOB, IPOU3BOICTBEHHBIX CPEJl U 3aKBACOK CIIOHTAHHOTO Opo-
xenus. Cpenu My3elHbBIX KyJIbTYp OTOUPAIOTCS TAKKUE BUIBI U IITaM-
MBI MHKPOOPTaHM3MOB, KOTOpBIE IO CBOMM CBOHCTBaM OTBEYAIOT
OIIpe/ICICHHBIM TPEOOBaHMSM, TPEIbSBISEMbIM K 3aKkBackam. K HUM
OTHOCATCSI CIIOCOOHOCTh Pa3MHOXAaThCsl HA MYYHBIX cpelax, ompe-
JeNICHHBIH YpOBEHb (PEPMEHTATUBHOW AKTUBHOCTH, CTaOMIBHOCTD
CBOWCTB MpPU HEMPEPHIBHOM KYyJIBTUBHUPOBAHMH, CHHTE3 ONpEesICH-
HBIX BUTAMUHOB, HaJM4YHE aHTUOMOTHYECKOW aKTHBHOCTH, TEMIIEpa-
TYPHBIH ONITUMYM POCTA U IPyTHe TTOKa3aTeIH.

B pesynbrare npuBeeHHBIX UCCIIETOBaHUM OBLIIH CO3AaHBI CACIY-
IOIIHE 3aKBACKU: MMPOTIMOHOBOKHCIIAs, KOMIUIEKCHAs!, alln0(UIIbHAs,
BUTaMHHHAsI, 3PrOCTEPUHOBAS, TPOKIKEBASL.

Iponuonosoxucnas 3axeacka OCHOBY NMPONHOHOBOKHCIOH 3aK-
BacKM cocTaBisieT mTamMM Propionibacterium freundenreichii ssp.
shermanii BK. M-103. [lanHast 3akBacka pa3zpa0OoTaHa Ui MONydYe-
HUsI HanbOosnee 3(h(PEeKTUBHOTO OMOTEXHOJIOTHYECKOTO CPEACTBa Ipe-
JOTBpalieHus: kaprodenbHol Oone3HH Xjeda M ero IUIECHEBEHUSI.
Hcnonb3oBanne MponMOHOBOKHUCIION 3aKkBacKu 3()(HEKTUBHO ISl TMO-
BBILICHUS] MUKPOOHOJIOTMYECKON YUCTOTHI CBIPbS U MPOAYKIMH, B TOM
YHCIIC B TEXHOJIOTHIX C IPUMEHCHUEM IMIIEHUYHBIX U PIKAHBIX OTPY-
Oeii. [IponroHoBast U MypaBbUHAsl KUCIOTBI, CHHTE3HUPYEMbIE STHM
HITAMMOM, OKa3bIBAIOT MaKCUMallbHOE MHIHOHMpYIOLIee ACHCTBHE Ha
pa3BUTHE CIIOPOBBIX OaxkTepwid, moAaBisisi (IaBUHOBBIE (EepMEHTHI
JBIXaTeIbHOTO [UKIIA.
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Kpome Toro, 3Ta KyasTypa B poiiecce MeTadoIr3Ma HaKaraInBaeT
3HAYUTENIbHBIC KOJIMUECTBA BUTaMruHa B12, ypoBeHb KOTOPOTO MOYXKHO
peryaupoBarh IMyTeM BBEJICHUS B CPEy COJiei KobayibTa. DTOT BUTA-
MUH YYacTBYET B MPOIECCE KPOBETBOPEHUS, MOATOMY IPUMCHEHHE
JTAHHOW 3aKBAaCKM MMEET JIBOWHOE 3HAueHWe: JUIS TPEAOTBPALICHHUS
pa3BuTHs B XJieOe MUKPOOUOIIOTHYESCKUI MH(EKIMK 1 00OTalieHue
ero BUTaMHHOM B12, KOoTOpBI HEOOXOAMM JUJIsl JIFOACH, MTPOKHBAFO-
IIMX B PETMOHAX C TOBBIIICHHBIM YPOBHEM pajHallid, BOIU3U Me-
TAJUTyPrUYeCKUX M XUMHYECKUX MPOU3BOJICTB, a TAKXKE VIS JACTEH C
MpU3HAKAMH aHEMHH.

B npomnroHOBOKHMCIION 3aKkBacke OOHApY)KEH BBICOKHUN YpPOBCHB
aMUHOKHCIIOT, 11 JeTy4nx KOMIIOHEHTOB, B TOM YHUCIIC, COCIUHEHUS,
coJiepKallie aMUHO-, METHIITPYMIIbI, (ypaH, [MUKINYSCKUE YIIEBO-
JIbI, alleTaNbJIETH]l, YKCYCHAs, IIPOITMOHOBAs, MypaBbUHAsI KUCIIOTHI.
[IpormmoHoBOKKCIIAsT 3aKBACKA XapaKTEPHU3YETCs CICIYOIIUMU OUO-
XUMHYECKUMHU U TEXHOJOTUYCCKUMHU TTOKA3aTeIISIMU: OaKTSPUIUTHAS
aktuBHOCTh 100%, dynruumanas akrusHOcTh 100%, KommuecTBO
kietok 200-250 x107/r xucnorHocts 12-14 rpa.

Komnnexcnas saxeacka. llpu mpUTrOTOBICHUN 3aKBACKH HCIIOJb-
3YIOT My3€iHBIE ITAMMBI TPEX BHUOB MOJOYHOKUCIBIX OakTepuii L.
casei-Cl1, L. brevis-B78, L. fennenti-34, nponMOHOBOKHCIBIX OakTe-
puii Propionibacterium freundenreichii ssp. shermanii BK. M-103 u
Ipoxku S. cerevisiae B cootHomrenuu 0,5:0,25:0,25:0,02:1. B kaue-
CTBE IMUTATEILHOTO CyOCTpara AJisi IPUTOTOBJICHHUS 3aKBACKH UCTIONb-
3yeTcs My4YHas OcaxapeHHasl 3aBapKa, KOTOpasi TOTOBUTCS M3 MIIICHUY-
HOW MYKH TIEPBOTO COPTa MPU COOTHOIICHUH MYyKH U BOJbI 1:3. Tlpu
HENPEPHIBHOM BEJICHUU KOMILUICKCHOW 3aKBACKU B TEUCHUE 3 HEJCIb
MOJTyYeHbI CTAOUIIBHBIC TOKA3aTeU KOMILIEKCHOW 3aKBACKH.

KomrinekcHast 3akBacka sIBISIETCS pA3HOOOPA3HOM 110 XUMUYECKO-
My COCTaBy, B Hell 00HapyxkeHo 20 eTy4rx KOMIIOHeHTOB. Cpeiu HUuX
npeo0NIalaloIMMU SIBISUTUCH 3-MeTHI-0yTanon (22,99%), sagup my-
paBbuHOM KuCHOTH (18,52%), 1-meTtunokcu-2-nponanon (17,24%),
ykcycHas kucnota (7,02%), mpou3BoAHbIC MPOMAaHOJA, dTAaHONIA U
oensaranona (3,19%, 2%, 3,83% coorBercTBeHHO). KoMmruiekcHas
3aKBacka 00Ja/IaeT aHTHOMOTUIECKON aKTUBHOCTHIO K CIOPOHOCHBIM
OaktepusM u meceHsM. [IpoBeieHHbIN CPaBHUTEIBHBIN aHAIIU3 MH-
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KpPOOHMOJIOTHUECKOTO COCTaBa, (EPMEHTATHBHOW aKTUBHOCTH, Oak-
TEPULIUIHBIX M TEXHOJIOIMUYECKHUX CBOWCTB KOMIUIEKCHOH 3aKBACKH
MO3BOJIMJI PEKOMEH/I0BAaTh €€ B KaueCTBE YIyUIIUTENIs KauecTBa W3-
JISJIAN U3 MYKH CO CJTa0OW KJICHKOBUHOM, MPU YCKOPSHHOM CIIOCO0E
TECTONPUTOTOBIICHHUS], @ TAK)KE B TEXHOIOTUAX U3JIEJIUI C IIIEHUYHbI-
MU OTpyOsiMH. 3aKBacKa MOKET OBITh HCIIOIb30BaHA C YACTHYHON WIIH
IIOJIHOM 3aMEHOM MPECCOBAHHBIX APOXGKEH. bUoXxuMudeckue U Tex-
HOJIOTHYECKHE XapaKTEepUCTUKH KOMITJIEKCHOH 3aKBacKH CIIeyIOIIHeE:

— MaJibTa3Has aKTMBHOCTL 65-70 MuH;

— aHTHOMOTHYECKast aKTUBHOCTB: — 10 OTHOLICHHUIO K CIIOpoodpa-
3YIOIIMM OaKTEepHsIM MOJTHOE MOAaBICHUE B TeueHue 48 4; — 110 OTHO-
IIEHHUIO K IIJIECEHSIM — I1O/IaBJIeHHE B TeueHue 72 u;

— moabeMHas cuna 15-20 MuH;

— KHUCIIOTHOCTb 8-12 rpafg;

— KOJIMYECTBO KIIETOK: — mpoxokeit 23-25107/r; — MOIOYHOKHUC-
nbix Oaktepuii (cymmapnoe) 120-130107/r; — mponMOHOBOKUCIBIX
Oakrepuit (cymmapnoe) 1,5-2,0 107/r.

Ayudogunvnasn 3axeacka. Ilpu TPUTOTOBIEHUM 3aKBACKU HC-
NOJB3YIOT My3eliHble KyabTypsl L. asidophillus-146 n mramMm apox-
xkell «Psizanckue-17», afanTHPOBAHHOTO K BBICOKUM TeMIIepaTypam
(40-45° C). B anunodunbHON 3aKBacKke OOHAPY)KEH BBICOKHH ypo-
BEHb aMHHOKHCIIOT: coaep:kaHue nu3uHa coctasisieT 1585 mr/100r,
neiinmHa -1275mr/100 1, Banuua 510 mr/100 1. B anunodunsHOH 3aK-
Backe HMJECHTH(UIIUPOBAHBI CIEIYyIOIIUe JIETYyYHe BellecTBa: 3-Me-
TUII-OyTaHOJ, YKCYyCHAsl KUCIIOTA, |-METHI-IPONIaHOI, TPOIMOHOBAS
KucioTa u ap. [IpuMmenenune anunoguiabHON 3aKkBacku 3(hHEKTUBHO
JUISL yIy4dINeHUs KauyecTBa U3JENHUM C KPENKON KIECWKOBUHOH, IIPHU
YCKOPEHHBIX TEXHOJIOTUSAX IPUTOTOBIIEHUS TECTA, a TAKXKe MPHU BbIpa-
00TKe 6aTOHOB M CIOOHBIX U3/ICIHI C BBICOKHM COJEPKAHNUEM caxapa
U KMpa. 3aKBacka MOXKET OBITh MCIOJb30BaHA AJS YaCTHYHOW WM
MOJTHOM 3aMEHbI MPECCOBAaHHBIX IPOXOKeH. ANUnoQuibHas 3aKBa-
CKa XapaKTepHU3yeTcsl yCTONUYHNBOCTBIO K TIOBBIIICHHUIO TEMIIEpaTyphl,
uMeeT cieayrone OMOXMMUYEeCKHe H TEXHOJIOTHYECKHe MoKa3are-
mu: noabemHast cuia 10-14 muH; kucnotHocTsh 9-12 rpan; conepxa-
HUE KIeTOK apoxokei 35-40x107/r; comeprkaHue MOJOYHOKHCIBIX
Oaxrepuii 200-250x107/r.
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Bumamunnas 3axeacka. Ilpy IpUroTOBICHUH 3aKBACKH UCTIONB3Y-
10T JPOXOKH BUAa S. cerevisiae mramm Op-3, MOITOUHOKHCIIBIE OaKTe-
puu L. acidophillus-146, npormonoBsie OakTepun Propionibacterium
freundenreichii ssp. shermanii Buma BKM-103 B cooTHOIICHUU:
1:1:0,5:0,2, a Takke aKTUBHBIM IITaMM KapOTHHCHHTE3UPYIOIINX
npoxokedt Buma Bullera armenioca C06-206, xoTopelii He oOnamaeT
OpOAMIBHOM aKTUBHOCTBIO U UMEET HU3KYIO CKOPOCTh POCTa, HO aK-
TUBHO HAaKaIUIMBAeT KapOTHH.

BuTtamuHHas 3aKBacKa C BBICOKHM COJIEPKaHUEM [-KapOoTHHA H
BuTamuHa B12 oOmagaer OakTepHUMIAHBIMA M PagrONpPOTEKTOPHBI-
MU CBOHCTBaMH. B kauecTBe OCHOBHOTO cyOcTpaTa AJsl MONyYCHHS
3aKBaCKU HEOOXOIMMO HCIIOIB30BaTh MYUHYIO OCaXapeHHYIO 3aBapKy
BIaXHOCTBIO 82-85%. Ilpoliecc BhIpamuBanus MPOJOIKACTCS B Te-
yeHue 5-6 4 npu temmeparype 22-25° C.

[TpumensieTcs BUTaMUHHASI 3aKBacKa JUIsl YJIy4lICHUs] KauecTBa
W3JICNIUHT U3 MYKH CO CJIa00M KIIEHKOBHHOM, IPU YCKOPSHHOM CIIOCO0e
TECTONPUTOTOBJICHUSI C HCIOJIB30BAHUEM TPECCOBAHHBIX JPOMOKEH,
JUTSL TIOBBIICHUSI TTMIIEBOM IIEHHOCTH TOTOBBIX U3JICIHA, YTO SBIISETCS
AKTyaJIbHBIM B 9KOJIOTUYECKU HEONaronpusTHBIX PErHOHaX.

Opaocmepunosas 3axeacka. 11pyn NMPUTOTOBIEHUM 3aKBAacCKU HC-
MOJIB3YIOT Me30(HIIbHBIE MOJIOYHOKHCIBIE Oakrepuid L. plantarum-
A63, L. casei-Cl, L. plantarum-30, a Takxe JIPOXIKEBBIC KICTKH —
ruopua 576. DToT mTaMMm 00nagaeT BHICOKUMH OMOXMMUYECKHMHU U
TEXHOJOTMYECKHMHU CBOWCTBAMU U CIIOCOOEH K MTOBBIIIEHHOMY CHHTE-
3y aprocrepuHa (Butamuna D).

MakcuMyM KHCIOTOHAKOIUICHHUS! B TECTE C 3PrOCTEPUHOBOMN 3aK-
Backol (8,2-8,4 rpaa) Habmonaercs yepes 1,5-24. OTIHYUTEeIbHBIMU
CBOWCTBAMH 3PrOCTEPHUHOBOM 3aKBACKH SIBJISICTCS] HAIMYKE OpOIMIIb-
HOUW aKTUBHOCTH, 00YCIIOBIHMBAIONIEH BOZMOXXKHOCTb YaCTUYHOH 3ame-
HbI IIPECCOBAHHBIX JIPOXKKEH IProcTeprHOBOM 3akBackoil. IIpouecc
OpokeHHsI Hanbosiee MHTEHCUBHO MPOUCXOAUT mpu 3amene 50% ot
PELenTypHOrO KOJMYECTBa MPECCOBAHHBIX Apoxkeld Ha 15% spro-
CTEpUHOBOH 3aKBacKH (K Macce MyKH B Tecte). Mcrnonb3oBanue spro-
CTCPUHOBOM 3aKBACKHU IIPH MPHUTOTOBICHUU XJIeOa U XJIe000yITOuHbIX
W3AETHH COCOOCTBYET YBETUUEHHIO yAelbHOro oobema Ha 9-20%,
MOPUCTOCTH — Ha 2-4%, cxumaeMocT — Ha 10-15% 1o cpaBHEHHUIO
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¢ koHTposieM. Kpome Toro, nosslilaeTcs MUILEBasi [IEHHOCTh U3JENHUN
3a cueT oboramieHus W3Aenuii BuTaMruHoM D. 3akBacka peKOMeHIy-
eTcst ISl IPUMEHEHHSI B PETHOHAX DKOJIOTHUECKOTO HEOIaromomyus.

Meszoghunvras opooicoicesas u Opooicorcesas 3axsacku. Jst cozna-
HUS IPOXOKEBBIX 3aKBACOK B PETHOHAX C HU3KUMU 3HAYCHUSMU CPE-
HETOIOBBIX TeMIeparyp (B3aMeH KHIKUX IPOXOKEH) MCIONb3YIOTCS
IITAMMBI MOJIOYHOKHUCIBIX Oakrepwmii L. casei-Cl, L. plantarum-A63,
CHOCOOHBIX pa3BUBaThes Npu Temneparype 25-280C, u npoxxu S.
cerevisiae mramm «Dp-3».

IIpu ucnonb30BaHUU MEPEUUCTCHHBIX KYIBTYp HOCTUTAIOTCS Hau-
Jy4IIHe TEXHOJIOTWYEeCKHE MOKa3aTeln Me30(pHIbHON APOXKIKEBOH
3akBackd. [Ipu wcnonbp3oBaHMKM Me30(MIBHON JPOAIKEBOM 3aKBa-
CKH TIpollecc ra3000pa3oBaHus B TeCTe HHTEHCU(UIUPYETCs, COKpa-
MIaeTCsl MPOIODKUTEIBHOCTh OpoxkeHus. OTMedaeTcsl yBelTHueHHE
yaensHoro oobeMa xieba Ha 15-20%, mopucroctu — Ha 2-3 %, o01Iei
ynpyroi nedopmaruu — Ha 35-40% 1o cpaBHEHUIO ¢ ipobamu xJiebda,
MIPUTOTOBJICHHBIMYE Ha TPAJIUIIMOHHBIX KXUAKUX ApOxoKax. Bapuan-
TOM JIPOACKEBOM 3aKBACKM SIBIISIETCS 3aKBACKa, CO3/1aHHAs HAa OCHOBE
BBICOKOAKTHUBHOTO mITaMMa npoxkeit «Kpacnogapckas-11», koTopsiii
ObUT BBIJIEJIEH M3 3aKBAaCKH CIIOHTAHHOTO IMPOMCXOXKACHUS, MpHUMe-
HSIeMOH Ha ofiHOM U3 xy1e003aBooB I. KpacHonapa. OtinyurensHON
0COOCHHOCTBIO JIPOJKKEBOM 3aKBACKU SIBIACTCS BO3MOXKHOCTH HC-
MOJIb30BAHMSI JUISI BHIPAIIUBAHUS JPOXOKEH BOJHO-MYYHOU cpensl. B
MPOM3BOCTBEHHBIX YCIOBHUIX APOXKIKEBAs 3aKBACKA MOXKET OBITH HC-
MOJIb30BaHA B3aMCH JKUIKUX JPOXOIKEH JIUIsl MPUTOTOBJICHUS XJjie0a U3
MYKH{ MIICHUYHON MEPBOTO U BTOPOTO COPTa HA TeX MPEINPHUSITHSIX,
TJI€ OTCYTCTBYIOT YCJIOBUS JUIsl IPUTOTOBIIEHHSI OCaXapeHHOH My4HOU
3aBapku. OOHOBIICHHE IPOXOKEBON 3aKBACKU OCYILECTBISETCS 10
Mepe CHMKEHHUs CBOMCTB, HO He pexxe | pasza B Mecdu. JpoxokeBas
3aKBacka 00JaaeT CIeayIOUMMI OMOXUMUYECKIMU U TEXHOJIOTHYE-
CKHMH CBOMCTBaMU: MajbTa3Hasi aKTUBHOCTh 60-62 MUH; MOAbEMHAS
cuna 20-25 muH; KucnoTHOCTh 8-10 rpaj; KOIMYECTBO KIETOK JAPOXK-
xeit 20-30x 107/r. IlppuMeHeHne HOBBIX MIIEHUYHBIX 3aKBACOK B XJIe-
OONeKapHOM MPOM3BOACTBE MO3BOJIIET SKOHOMHTH MPECCOBAHHBIC
JPOYOKU, MHTEHCU(HUIUPOBATH MPOLECC Ta3000pa30BaHusl, YIIydlIaTh
KaueCTBEHHBIE TIOKA3aTeIN TOTOBBIX M3/EIHA.
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Bomnpocs! A5t caMOKOHTPOJIA:

1. Yro mpencraBisieT coO0i 3akBacka?

2. IIpenmMy1iecTBa MCIOIB30BaHUS YUCTHIX KYJIBTYp MUKPOOpra-
HU3MOB TP IPUTOTOBIICHUH 3aKBACOK?

3. IlpeumMyiiecTBa UCHONB30BAaHUS JTAKTOOAKTEPHHA. CTapTEPOB
MIPH IPUTOTOBJICHUH 3aKBaCOK?

4. Yro mpencraBiseT cOOON pa3BOJAOYHBIN ITUKI TPUTOTOBICHHS
3aKBacKu?

5. CriocoObl KOHCEpBAIIUY 3aKBACKH?

6. Kakne MHKpOOpPTaHWU3MBI MIPUCYTCTBYIOT B PKaHBIX Moiyda-
Opukarax?

7. Uem omnmyaroTcsi ToMo(epMEeHTaTHBHBIE U reTepodepMenTa-
THUBHBIE MOJIOYHOKHCIIbIE OaKTepHu?

8. Ha xakue mporiecchl, MpOUCXOISIINE B PKAHBIX MONyhadprka-
Tax, OKa3bIBAIOT MOJIOKHUTEIHHOES BIUSHUE JIPOACKA?

9. Kakue KOMIIOHEHTHI JIOJKHA COJIEp)KaTh MUTATeNbHAs cpena
JUTsE 0OeCTieYeH sl HOPMaJIbHOW JKU3HEACSITEIbHOCTH MOJIOYHOKHCITBIX
OaKTepuil u APONOKEn?

10. C kaxo# 11eNbI0 MPUMEHSIOTCS KUIKHUE MIICHUYHbIE 3aKBACKU
MIPH BBIPA0OTKE M3/ICIHI U3 MIIIEHUYHOH COPTOBOU MYKH?

11. Kakue BUBI KUIKUX MIICHUYHBIX 3aKBACOK IPUMEHSIOT IPU
BBIPa0OTKE M3/IEIH U3 MIIEHUYHOH COPTOBON MyKH?

12. Yto mpencraBistoT cOOOHM 3aKBaCKH C IleJICHANPaBICHHBIM
KyJBTUBUPOBAaHUEM MHKPOOPTaHU3MOB?
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TEMA 4: NMPUMEHEHWNE
OEPMEHTHBbIX MPEMAPATOB
MNKPOBNOAOTNHECKOTO
MPONCXOXKAEHWMS TTPU
MPON3BOACTBE MYYHbIX USAEAUNN

[Ipu mpou3BoACTBE MYYHBIX W3AEIHH HCHONB3YIOTCS Kak IpoO-
MBILIJICHHBIE ()ePMEHTHBIE penaparsl pACTUTEIILHOTO U MUKPOOHOTO
MPOHMCXOXKICHHS, TaK U (DEPMEHTHBIE CUCTEMBI ChIPbS 1 MUKPOOpra-
HHU3MOB B IIPOLIECCE UX )KU3HEACATENLHOCTH B ONy(padpuKarax.

B texnonoruum xneba ¢epMeHTHBIE Mpenaparbl UCIOJIB3YIOT AJIS
KOPPEKTHPOBKH XJICOONEKAPHBIX CBOMCTB MYKH, PETYINPOBAaHUU Me-
TaboIM3Ma APOACKEBBIX KJIETOK U MOJIOYHOKHUCIIBIX OaKTepHid, 1OCTH-
JKEHUS JKEJIAeMbIX PEOJOrMYECKUX CBOIMCTB TeCTa, MOMYUYCHUS H3JIe-
T C yAyYIIEHHBIMU CBOMCTBAMM M 3aMEIJICHMS IpoLiecca UX 4ep-
CTBEHUSI, VIS TIOJTy4YeHHs (PEPMEHTUPOBAHHBIX THIIPOIU3ATOB.

Brimyckaror ¢epMeHTHbIE Ipenaparsl pa3InuHOl CTEIEeHU KOH-
LHEHTPUPOBAHMS U OUYMCTKUA. MHOTHE BH/IbI OTEUECTBEHHBIX ()EPMEHT-
HBIX NPErnapaToB UMEIOT HA3BaHHUs M MHAEKCHI, B KOTOPBIX OTpake-
Ha uH(pOpMaLuUs O TpoayLeHTe ¢epMeHTa (BUAe MUKPOOPTraHU3Ma),
OCHOBHOH aKTHBHOCTH M crocoOe BblesieHus npenapara. Hazanue
TaKuX IPernapaToB COCTOMT M3 JBYX YacTel: MmepBasi COOTBETCTBYET
BUJy OCHOBHOW aKTHBHOCTH, BTOpas — BUJOBOMY Ha3BaHHUIO NPOAY-
nenra. Hampumep, AMUIocyOTHIMH — Ipenapar-aMuiasbl U3 KyJb-
Typsl B. subtilis, [TmiokaBamoprH — npenapar DitokoaMmuiiasel U3 A.
awamor, LleutoBupuaun — npemnapar uesutonassl u3 1. viride.

Paznuuaror npenaparsl, BbACICHHBIC U3 ITyOUHHOM KyJIBTYPBI, B
WX Ha3BaHUU UMeeTcs o0o3HadeHue «I» (TyOUHHBIIT), U U3 TBEPIOU
¢azer — «II» (moBepxHOCTHBIN). 3aTeM cienyeT nudpoBO WHIEKC,
KOTOPBIM XapakTepu3yeT CTEleHb KOHICHTPUPOBaHMS (epMeHTa B
npenapare no OTHOLICHHUIO K KyJIbTYPalbHON KUAKOCTH WK TBEPHO-
¢aszHo#t kynbType. Tak npenaparsl ¢ uHIeKcoM ['10X TOKHBI HUMETh
AKTHUBHOCTbH B e/T B 10 pasa Bbllle, 4eM CPEAHss aKTUBHOCTH KyJIb-
TypaJbHOH XHUIKOCTH B ea/Mi1. Hapsny ¢ mpemaparamu, HMEIOIIUME
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OyKBEHHO-IIU(POBYIO MHAEKCAIMIO, PACHPOCTPAHEHBI Mpenaparbl ¢
Ha3BaHUSAMH, B KOTOPBIX OTPa)K€Hbl OCHOBHOM BHJ aKTMBHOCTH, Be-
JMYUHA aKTHBHOCTH, Ha3BaHUE (PUPMBI-IIPOU3BOJUTENS U T. II.

®depMeHTHBIE TIpernaparbl MOTYT OBITh TBEPABIMU W KUIKHMH,
MMMOOMJIM30BaHHBIMH, @ TakKXe MPOJOHTUPOBAHHOTO JEHCTBUSL.
TBepavle GpepMeHTHBIE MpenapaThl, KaK MPaBHIIO0, CTAHAAPTU30BAHBI
COJIBIO, KPaxMaJloM, MYKOM M JAPYTMMH BELIECTBAMU B 3aBUCUMOCTHU
oT obnactu npuMeHeHus. B xiebonexapHOi MPOMBIIIIEHHOCTH OHH
HaxoAsAT HauOoJjbluee npuMeHerne. Kpome toro, TBepabie GpepMeHT-
HBIE MPEnapaTsl MPOU3BOISTCS B CHIITyYeM U TaOJICTUPOBAHHOM BH/IE.
Kunkue popmbl cTaOMIN3UPYIOTCS KOHCEPBAHTAMM.

4.1 AMUAOAUTHNYECKME depPMEHTHbIe NpenapaTbl

g ruaponuza Kpaxmania HCIOIb3yI0TCS aMIIonuTHYecKne (ep-
MEHTHBIE Tpernaparsl, oONajaromye o-aMAJIa3HOW W TIIFOKOAMHUIIa3-
HOM aKTHMBHOCTHIO. B 3aBUCHMOCTH OT YCIIOBHM KyJIBTHUBUPOBAHUS
MHUKPOOPTaHU3MOB U CIIOCOOOB IMOJYyUYEHHsI MPENapaToB aKTUBHOCTh
(epMeHTOB KoJieOneTcs B MHUPOKKUX TpeAeax, Py 3TOM BaXKHO Ha-
JUYre COMYTCTBYIOMEH akTUBHOCTH. DepMeHTHBIE IMpermaparsl, 00-
JIa/TAf0IHE O-aMHUJIA3HOW aKTHBHOCTHIO, MOTYT OBITh OaKTepHaIbHOTO
¥ TPUOHOTO MTPOMCXOXKICHUS, YTO OTIPENEIIET UX XapaKTEPUCTUKU U
YCJIOBHS IeWCTBHS B TOTy(hadpuKarax.

[lpuHOMTT fmeWcTBUS o-aMWITa3bl 3aKIIOYAeTCs B THUAPOIH3E
a-1,4-TTIOKO3UIHBIX CBA3€H B IMONMCaXapuaxX, COAEpPXKAIIUX TPH U
0ojee OCTaTKOB D-ITIOKO3BI, COCMUHEHHBIX —1,4-CBA3SIMHU, TTpHUEM
9TH CBS3H Pa3pBIBAIOTCSA OECIIOPAIOYHO (UTO OTMPEAETSeT O-aMHIa3y
Kak SHIO(PEPMEHT), B pe3ylIbTaTe 4ero 00pa3yroTcs HU3KOMOJIEKYIISP-
HBIE JEKCTPUHBI, B TAK)KE HEOOIBIIOE KOMMYECTBO MabTO3kI. Paciie-
TUICHUIO TTOJIBEPraeTcs KaK aMriI03a, TaK M aMAJIONIEKTHH Kpaxmara.

[IpumeneHue o-aMuIIa3bl TOBHIIIAET CONlEPKaHNe COPaKMBAEMBIX
caxapoB B TeCT€, YTO MPHUBOAWT K MHTEHCHU(HKAIMH TIpoIecca Co-
3peBaHus NOMypabpUKaToB, YBEIHUESHUIO KOJTHIECTBA JEKCTPHHOB, B
TaKke CIIOCOOCTBYET COXpaHEHHUIO CBEkeCTH Xireba. [Ipu nodaBneHnn
(hepMEHTHBIX TIPETapaToB B ONTUMAIBHBIX JO3UPOBKAX YBEIHIHUBACT-
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cs1 00beM xJ1e000YIIOYHBIX M3ACTHN, YIyUIlaeTcs CTPYKTypa HX I0-
PHCTOCTH, MSIKHII CTAHOBHUTCS OOJIee AIAaCTUYHBIM, YITy4LIaloTCsl BKYC
U apoMar xJyieba, Kopka npuodperaeT 0ojee HHTCHCUBHYIO OKPACKY
U IJISIHEL, YJIyYLICHHBIE CTPYKTYPHO-MEXaHWYeCKHe CBOICTBa XJyeba
coxpasstoTcs 0oJiee ATUTEIbHOE BPEMS.

B Poccuu BblmycKaroT creayromue aMuIONUTHYecKHue (ep-
MEHTHBIE MpenapaThl: ¢ aKTUBHOHN 0-amuiazoil — AmMuiopusut (10x,
I20x), Amunocyotunua ['10x; rmokoammnazoii — [mokoammumnasza
ouniieHHas. B cocraBe Amuminopusuna [110x comep uTcs KOMILIEKC
(epMeHTOB: O-aMuiIas3a, dK30MEeNTHIa3a, KCuiaHasza, P-IIoKaHasa,
B-rmroko3unasa.

[Iponyuentom Amunopusuna I110x sBisieTcst miuecHeBoi rpud
Aspergillus oiryzae. Amunocyotunua ['1OX mpeacraBiseT coboit
OYMIICHHBIH (PePMEHTHBIM Npenapar, MpoxyuupyeMblid OaKTepus MU
Bacillus subtilis. Ilpenapar comepxut o-amunasy, B-TIIOKaHasy H
sHponenTuaasy. bakrepuanbHas o-amuiasa 1Mo CpaBHEHUIO C TPHO-
HOW 001agaeT BBICOKOH TepMOCTaOMIBHOCTHIO. AMuminopusuH [110x
n Amunocyotunun ['10x oxasbiBatoT Haubonee 3hdexkTuBHOE IeH-
CTBHE IPU J00ABJICHUU K MYKE C YINPYrod, HEAOCTATOYHO SIaCTHY-
HOW KJICMKOBUHOM, C MOHIKEHHOW M HOPMaJbHOH caxapooOpasyro-
et cnocooHocThio (180-250 Mr Manbro3sl Ha 10 © Mykn). Tak kak
aMIJIOJIMTUYECKUE MTPenaparbl IMEIOT COMYTCTBYIOIIYIO IPOTEOIUTH-
YEeCKYI0 aKTMBHOCTb, 3TO 3aTPyJHIET MX HCIOJNb30BaHKE NpHU Mepe-
paboTKe MYKH C TIOHMKEHHBIM COZICP’KaHHEM KIICHKOBHHBI, a TaKKe
cra0oii 1o cuie.

Oupmamu  «Quest Int. Nederland B.V.» (Huzepnanmsi),
«Novozymes» ([lanus) n «Danisco Ingredients» ([lanus) Beimyckaert-
sl LeNbIA psil epMEHTHBIX IpenaparoB, 00JalalomnX aMUJIOIUTH-
YeCKOW aKTUBHOCTBIO. OTIIMUNTENEHON 0COOEHHOCTHIO (PepPMEHTHBIX
npenaparoB, NpenIaraéMblx 3apyOeKHbBIMU (QUPMaMU, SBISETCS UX
arJIOMEPUPOBAHHBIA BU, MOJTY4YaeMblii B pe3yJbrare CHeluanbHON
TEXHOJIOTUH, YTO MO3BOJSIET CHU3UThH PACTIBUICHHE THX MPOLYKTOB,
a TakyKe OTCYTCTBHE WJIM HU3Kas aKTUBHOCTH COIYTCTBYIOLINX (ep-
MEHTOB.

[Ipenaparer Fungamyl BG (®ynrammi), OpUrOTOBICHHBIA Ha
OCHOBE O4YHMIIEHHOH rpuOHON amunasel (ontumyMm pH 4,5-5,0, Tem-
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neparypsl 53-55° C), Biobake P cone (buobeiik), Grindarnyl A 1000
(I'pungaMuIT) XapakTepU3yIOTCSl HU3KUM YPOBHEM [ITFOKOAMUIA3HOM 1
MPOTEMHA3HOI aKTUBHOCTH, YTO MO3BOJISIET MPUMEHSTh UX MIPU Tepe-
paboTKe MYKH C pa3InYHBIMU XJIeOOMeKapHbIMU cBoWicTBaMu. OnTu-
MaJibHasl T03UPOBKa (PEPMEHTHOTO Mpernapara 3aBUCUT OT €ro aKTHB-
Hoctu: st Amunopusuna [110x ona coctasuset 0,001-0,002 %, Oyn-
ramun 2500 BG — 0,0004-0,001 %, I'punaamun A 1000-0,001-0,005%
K Macce MyKH.

®epmentnble npenaparsl @ynramun Cytp MA (AX), Buobeiik
721 u Ipungamun S 100 pazpaboTaHbl I KOPPEKLUH HU3KOH aMUIIO-
JUTUYECKOH aKTMBHOCTH MYKH, a TaKXKe JJIsl YAyULICHHS CTPYKTYPBI
MSIKHILA, TOBBIIICHUsI 00beMa XJ1e000yI0UHBIX U3ACTUN U MPOICHHS
CpOKa COXpaHEeHHsI CBeXeCTH. B TononHenune K o-aMuiia3HoH, mpernapa-
TBI COZIEp>KaT ONTHMAIILHOE KOJINYECTBO MEHTO3aHA3HOH aKTHBHOCTH.

®epmentrbie npenaparsl Novamyl (Hosamui), bruoGeiik 2000,
I'pungamun MAX-LIFE U4 u I'punnamun MAX-LIFE ES npenna-
3HAUCHBI IS YIUIMHEHHsI CPOKa COXpaHEHHs CBEKeCTH Xjeba. Pexo-
MeHayemasi no3upoBka HoBammina cocrasnser 0,006-0,06% x mac-
ce myku (6-50 T Ha 100kr mMykn). [Ipemapatr MOKHO HCIIOJIB30BATh
B MPOU3BOJCTBE LIMPOKOTO aCCOPTHMEHTa XJ1e000yI0uHON MPOIyK-
UM, BKIIIOYAsl U3ACIMS U3 LEIBHOCMOJIOTOrO 3epHa. HoBamui BO3-
JEHCTBYET B MpOLECCe BHIMEYKH Ha Kpaxmall MsKHIIa XjeOa, BhI3bl-
Basi 00pa30BaHUE HU3KOMOJCKYJSPHBIX IEKCTPUHOB. DTH JEKCTPUHBI
MPEMSATCTBYIOT B3aMMOJCHCTBUIO KpaxMana M KICHKOBHHBI, a TaKkKe
perporpaganuu kpaxmaia. [Jokoamunasa — 3k30(hepMeHT, KaTaiu-
3UPYIOIINH OTLICTIIICHUE [ITIOKO3bI OT HEPEAYLMPYIOIIEro KOHIA aMH-
JI03bI ¥ aMWJIOTIEKTUHA. [TIokoamuiia3a pacilernisieT ¢ HauOombILei
CKOPOCTBIO  0-1,4-TTTMKO3UAHBIE CBSI3H, CIIOCOOHA THIPOJIM30BATh
—1,6- u —1,3-mHUKO3UIHBIE CBSA3U. MexXaHu3M TUApONHu3a — MOCIe-
JOBaTEJbHBIA THAPOIN3 HECKOJIbKUX IIMKO3HIHBIX CBSI3€i B OJHOM
MoJiekyie cyocrpara. DPpQeKTUBHOCTh NEHCTBUS TIIIOKOAMHIIA3bl TEM
BBIIIE, YEM BBIIIE MOJIEKYJISIpHAsi Macca cyOcTtpara. MakcumaibHast
AKTUBHOCTbH [JIIOKOaMMUIIa3bl mposiBisiercs npu pH 4,3-5,7 u remnepa-
Type 40-70° C.

Oupmoit «Novozymes» BbIycKaeTcsi (epMEHTHBIH Mpenapat
rmokoamunaza AMG, npogyuupyemsiit Aspergillus niger u rugponu-
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syromuid 1,4-, a Takxke 1,6-0-TITIOKO3UIHBIE CBSA3U aMUJIO3bl U aMU-
JIOTIEKTHHA € 00pa30BaHMEM IVIIOKO3bl M HEOOIBIIOTO KOJIMYECTBa
nexctpuHoB. JlobaBinenne AMG B xonmmyecte 0,003-0,03% k mac-
ce MYKH CHOCOOCTBYeT MHTEHCHU(HUKAIIMK ra3000pa3oBaHus B TECTE,
YAYYIIEHUIO IIBETa KOPKU M3JENHH M CTPYKTYPHO-MEXaHHUYECKUX
CBOWCTB MsikuIa. D(HHEeKTUBHOCTD ACHCTBHA (PepMEHTHOTO Mpenapa-
Ta AMG BoO3pacTaer npu COBMECTHOM €r0 HCIOJIb30BaHUM C O-aMU-
7a30i 1 KcunaHazHol. ONTUMaIbHBIMU YCIOBUSMU JIEUCTBUS Mpena-
para asisitorcs pH 3-5 u remneparypa ot 40 1o 70° C. ®epMeHTHBIH
npenapar TIIOKOaMHJIa3bl MPUMEHSETCS TPU MPUTOTOBICHUN XJieba
YCKOPEHHBIM CMOCOOOM, B TOM YHCIE C HCIHOJIb30BAHUEM KOHIICH-
TPUPOBAHHOIN MOJIOUHOKHUCIION 3aKBACcKH, a TAaK)Ke MPH MPOU3BOJICTBE
BBICOKOOCaXapeHHBIX (DepPMEHTATHBHBIX MONY(HaOpPUKATOB M HKHUIKUX
JPOACKEH.

[Ipu npuroToBneHnu TecTa Ha KOHIEHTPUPOBAHHON MOIOYHOKHC-
noi 3akBacke (KMK3) nonoxkutenbHble pe3yasTaThl 1a€T UCIOIbB30-
BaHHE ()EPMEHTHBIX MPENapaToB, MPOSBIAIOUINX TITIOKOAMHIA3HYIO
aKTUBHOCTH. Pusnko-xumuyeckue coiictea KMK3 (BnaxuocTs, pH)
COOTBETCTBYIOT ONITUMYMY JI€HCTBUS TPUOHOM [TFOKOAMMUIIA3bl, ONTH-
MaJIbHBIMH YCJIOBUSAMU JIEHCTBHS KOTOPOil cocTaBnaoT pH —

4,0 u Temmneparypa 45-60° C. [lmeHnuHbIi XJ1€0, MPUTOTOBIICH-
Hbiii Ha KMK3 ¢ mirokoammiasoit, oonanaet 0ojee BHICOKUMHE TOKa3a-
TessiMU KadecTBa, ueM Ha KMK3 6e3 no6asok. I1pu aTom oTMeuaeTcs
3HAUUTENILHOE YBEIWYCHUE B XJeOe aibIeruaon, 3pupos, apomaru-
YEeCKHX M TeTePOLMKIMYECKIX COSIMHEHUH, TO €CTh apoMaToOpasy-
OLIMX BEIIECTB.

[IpuMeHeHne aMHUIONUTHYECKUX (PEPMEHTOB MpPU MIPOU3BOACTBE
xJ1eba U3 pKaHOW MYKH CHHYKAET KOJIMYECTBO aMHJIOAEKCTPUHOB U 32
CUET 3TOr0 YMEHBIIUTCS JMIKOCTh U 3aMHUHAaEeMOCTh XxJieba. J{oOas-
JIeHHE TIIOKOAMHJIa3bl TIPU MPUTOTOBJICHUH 3aKBAaCKU (TYCTOH, KH[-
ko, KMK3) moBblaer yaensHoro odobema xijieda, ero mopucToCTh,
yAy4IllaeT CTPYKTypHO-MEXaHUYecKHe cBoicTBa Makuma. Kommiekce
AMIJIOJIUTUYECKUX (DEPMEHTOB, OONAJAIOMINX O-aMUJIA3HOW U TJIIO-
KOAMHJIa3HOH aKTHBHOCTBIO B COYETAaHHM ¢ MUpodocdaToM HaTpus
(muTaHue OPOXCKEH) JaeT XOpolUre pe3yabTarbl PH HCIOIb30BaHUN
pPKaHOW MYKH € pa3IHMYHBIMH XJIeOOMeKapHbIMU CBOMCTBaMH, B OOJIb-
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el CTEeNeHU ¢ TOHMKEHHOM aBTOJIMTHYECKOM akTUBHOCTHIO. Co-
Kpalaercsi MpOAODKUTEBHOCTh OpOXKEHUST 3aKBACKHU, MOBBIILIACTCS
MoABEMHAsl cuila 1moy¢padpuKaToB, CTAHOBHUTCS O0Jiee BBIPaKEHHBIM
BKYyC U apomar xJyeoa.

Kommneke (epMEeHTHBIX NpenaparoB O-aMUJIa3bl M TIIOKOAMH-
J1a3bl HAaXOJUT IMPUMEHEHHUE TpPH TOJyYEHUH BBICOKOOCAXapEHHBIX
¢depmentaruBHbBIX nonyhadpukaro (B®II), BHeceHHEe KOTOPHIX B
peuenTypy xjeba cokpamaeT MpoaoKUTEIbHOCTh Mpolecca TecTo-
[IPUTOTOBJIECHUS U pacxol caxapa. s npurorosnenus BOII ucnomns-
3yIOT pa3iMyHble KpaxMaJICoJAeprKalllie NPOAYKTHI: MIIEHUYHYIO,
pKaHYI0 MYKY U MYKYy 3€pHa TpUTHKaJle, a TaKKe PUCOBYI0 MYUKY,
KpaxMaJbHO€ MOJIOKO, KpaxMaJl-ChIpel], YepcTBbIil xied. OcaxapuBa-
HUE MPOBOJAT B TeueHue 6 4 nmpu temmeparype 60-65°C u pH 4-4,2,
4T0 OO0ECleunBaeTCs MNPUMEHEHWEM JHMMOHHOW, opTodocdopHOi
KHMCJIOTBI MM MOJIOUHOM chIBOpOTKU. KonmuecTBo mmoko3sl B BOII
13 pa3NUYHbIX BUAOB CHIPBs Kosebiercs B mpenenax 50-75%, coctas-
a1 B BOIT u3 mmennynoit myku 1 copra 66-68 %, 13 KpaxManbHOTO
Mousoka — 75%, u3 pucoBoit myuku — 50% K Macce CyXuxX BEIIECTB.
Crenens rugponnsa kpaxmana B BOII u3 nmennynoit Mmyku 1 copra
cocraBnseT 73-75%, u3 xneba nmumennunoro 1 copra — 84-85%, pu-
coBod Mydku — 66-68%. [IpombinuieHHbIH cioco0 momydenust BOIT
OCHOBAaH Ha UCIOJIb30BaHNUHU KOMILJIEKCa MpenaparoB [ mokaBaMopHrHa
1 Amunopusuna. Amuminopusus 110X uMeer npoTeoaTUTHYECKUN KOM-
IJIEKC C BBIPAXKEHHOM 3K30IE€NTHIa3HON aKTUBHOCTBIO. B pesynbrare
MPOUCXOJUT THIPOJIN3 OCTKOB MYKH J0 aMHHOKHCIOT M TENTHIOB.
JlerkoycBosiemble (hOPMBI a30Ta CTHMYJIHUPYIOT Pa3MHOKEHUE U CHH-
Te3 QepMeHTOB npoxkei. VcnonszoBanue BDII mpu 3amece Tecta
MPUBOAUT K YBEIUYEHHUIO TOIBEMHON CHIIBI APOXKKEH, CKOPOCTH
cOpakMBaHMSI CaxapoB, YTO IO3BOJSIET COKPATHThH IMPOIOKUTEIb-
HoCcTh TecTonpurorosnenus. BOIT s exTruBHBI U UCIIOIB30BAHUH
KakK B OTHO(a3HbIX (0e30MapHBIX, YCKOPEHHBIX ), KaK M OMAPHBIX CIIO-
co0ax MPUTOTOBJICHUSI TECTA.

B penentypy MHOrux Xj1e€000yJI0UHBIX M3IEIUH BXOAUT MOJIOY-
Hasl CBHIBOPOTKA, Pa3IMuHbIE BUABI KOTOPOW (CHIBOPOTKA MOJIOYHAS
KOHLIEHTPUPOBaHHAs, ChIBOPOTKA MOJIOYHAsl CTYyIEHHAsl, CBIBOPOTKA
MOJIOUHAs cyxasi) cogepkat ot 13 1o 95% cyxux BeliecTB, B COCTaB
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KOTOPBIX BXOJST OEJIOK, JTaKTO03a, KHUPbI, MUHEPAJIbHbIC BEIICCTBA U
Butamunbl. Coaepikanue JTakTo3bl coctaBiugeT A0 90% Ha cyxoe Be-
IIECTBO CHIBOPOTKHU. V3BeCTHO, 4TO JIakTO3a HE COpakMBaeTCs XJie-
OorekapHbpIMU Jpoxokamu. [Ipu paciieruieHuu JakTo3bl, KaTaau3u-
pyeMoM [-ranakro3uma3oi (Jlakrasoii), oOpa3yeTcsi 3KBUBAJICHTHOE
KOJIMUECTBO TIIFOKO3bI M TaJIAaKTO3bI. [JIFOKO3a JIETKO COpa)kKMBaeTcs
XJIEOOTIEKAPHBIMU JIPOACKAMH, @ TaIaKTO3a SBJSCTCS AKTUBHBIM KOM-
MMOHEHTOM PEaKIIMU MeJIaHOUIMHOO0Opa3oBanus. [IpoayKTel ruposu-
3a JIAKTO3bI 00JIeE CIIaJIKHE, XOPOIIO YCBAUBAOTCSI OPTraHU3MOM YEeJI0-
Beka. ' MIpou3 JIakTo3bI MOBBINIAET APPEKTUBHOCTH UCIIOIh30BAHUS
MOJIOYHOH CBIBOPOTKH B XJIeOOIEUeHUH. VICTOYHMKOM TOIy4eHUs
B-ranakTo3umasel SBISIOTCS Pa3IMYHBIE MUKPOOPTAHU3MBIL: JIPOXK-
KU, OakTepuu U TPUOBbI. bakTepuanabHbIe U JPOKKEBBIE MPEIapaThl
MPOSIBJISIFOT HAWOOJBIIYI0 aKTHBHOCTh B HEUTpAJIbHOM JHANa3oHe
pH (6,9-7,2). I'pubnble nmpenaparbl UMEIOT ONTHUMYM JAeicTBUs pH
3,6-5,3, omu4arorcs OOJbIIeH CTAaOMIBHOCTHIO M IIMPOKOH CIIEIH-
¢uvHOCTHIO CyOCcTpara.

YcraHoBieHo, uTo 3()()EKTUBHOCTh NpPUMEHEHHS (EPMEHTHBIX
MPeraparoB [-rajlakTo3u1a3bl 3aBHCUT OT COOTBETCTBUSI ONTHMAaJlb-
HBIX YCIIOBHI JNEHCTBUS (DEPMEHTHOIO Iperapara rnapaMerpam TeX-
HOJIOTHYECKOTO IMPOLECCa U ONMPENeisieTcss UX aKTUBHOCThIO. OTMe-
YaeTcss MHTCHCU(UKAIUS MPolecca CO3peBaHus MOMypaOpUKaToB ¢
WCIIOJIh30BAHUEM [-TallaKTO3HIa3bl, YTO BHIPAKACTCS B YBEIMYCHUU
CKOPOCTH Ta3000pa30BaHUs, TMOBBIIICHUN KHCIOTOHAKOIUICHUS W B
KOHEYHOM UTOTE YIYUIIaeT KAYECTBO TOTOBBIX H3/ICIIHIA.

4.2 LiutoAutnyeckume depmMeHTHble npenaparbl

ITon mmronmuTHuecknMy (EepMEHTHBIMH TpernaparaMd TOHUMa-
0T TIperaparsl, 00IaIafone TeMUTICIUTIONA3HON, TeHT03aHa3HON |
[EJUTIONAa3HON aKTUBHOCTSIMH. B HacTosIiee BpeMst HAXOAAT MPaKTH-
Yyeckoe IpruMeHeHHe (DepMEHTHBIE Mpenaparsl, 00NaAaroIne TeMu-
[EJUTIONA3HON aKTUBHOCTHI0. OHU BO3JEHCTBYIOT Ha HEPACTBOPUMBIE
BBICOKOMOJIEKYJISIPHBIE KCHIIAHBI, TIIOKaHbI, apaOWHAHBL, M JIpyTHe
HEPaCTBOPUMBIE TTOJIMCAXapHIbl, collepKamuecs B Myke. Baecenne
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TeMUIIEIUTIONA3bI B TECTO YBEIMYMBACT OO BOJOPACTBOPUMBIX IIEH-
TO3aHOB, YTO CIIOCOOCTBYET YBEIMYCHHUIO JIOJH CBSI3aHHOW BIIAaTd B
noiyQaldprkaTax u MPUBOJUT K YBEIMYECHHIO MX BOAOMOIIOTUTEIb-
HOW CIMOCOOHOCTH, YNYYIIEHHIO PEOJIOTHYECKUX CBOMCTB Tecta. M3-
BECTHO, YTO TIEHTO3aHbl 00JaJar0T BBICOKOW BOJOIMOITIOTHTENbHON
criocobHocThIO (1 T meHTo3aHoB moromiaet 10 15 v Boxkl). Jlo6aB-
JICHHE B TECTO U3 MYKH BBICOKHX BBIXOJIOB, COACPIKALINX CYIIECTBEH-
HOE€ KOJMYECTBO 00O0JI0UEUHBIX YaCTHL 36PHOBKHU, (PEPMEHTHBIX Mpe-
naparoB, oONaJaOMIMX TeMUIIEIUTIONA3HOW aKTHBHOCTBIO, COMPOBO-
JKIaeTCsl yBeMUeHHeM ynenbHoro oosema xnebda 10 30%. CreneHb
(epMEHTAaTHBHOTO THAPOIN3a HEKpaXMaJIbHBIX MOJIMCAXapua0B MO/
JNEHCTBUEM LHUTOIUTHYECKUX (PEPMEHTOB ONPENeIIeTCS] MCXOJHBIM
COCTaBOM CBHIPbS, TUTIOM HCIIOJIb3yeMBIX (DEPMEHTHBIX IpEnaparos,
napamMeTpaMy TEXHOJIIOTHUECKOTO Mpolecca U BUIOM MYYHBIX H3[e-
nid. [TomHBIN MUIPOTU3 reMULEIITIoNa3 JO ONUrocaxapoB 3P QeKTu-
BEH MPH NPUTOTOBJICHUH OMCKBUTHOTO TECTA.

®depMeHTHBIE TpenapaTsl, 00JaJaroIiue TeMHULEIIIONa3HON aK-
TUBHOCTBIO, SIBISIOTCS KOMIUIEKCHBIMH TIperapaTaMu, COCTaB KOTO-
PBIX M aKTUBHOCTH 3aBUCHT OT MPOAYLEHTa, POJIb KOTOPOTO BBITIOJIHSI-
10T pa3In4YHble OAKTEPUU U MUKPOCKOTMYECKHE TPHOBI.

OTe4yeCTBEHHBIH LUTONUTHYECKUH (epMeHTHBI mpemnapar,
MPOIYLEHTOM KOTOpOro siBiseTcst KynbTypa rpuba Trichothecium
rozeum, o0nazaeT TEeMHLEIUIIONA3HOM, UEeIII00Ma3HOM, MeHTo3a-
HazHOH axkTtuBHOCTAMHU. Llutoposemun I110x, koTopblil oTnMYaercs
BBICOKOW LIUTONUTUYECKOW ¥ HE3HAYUTEIBHOW AMWJIOIUTUYECKOU U
MPOTEOTUTHYECKON aKTUBHOCTHIO. JloOaBIeHne ero B TeCTO B KOJIH-
gyectBe oT 0,01 1o 0,1% k Macce MykH CIOCOOCTBYET JIOTIOIHUTEb-
HOMY OOOTAIllEHHIO TECTa PEAYLUPYIOIUMH caXxapaMu, MPUBOIUT K
3HAUUTEILHOMY HAaKOIUIEHUIO B HEM BOJIOPACTBOPHUMBIX TIEHTO3aHOB,
M3MEHEHUIO YIIPYTo-3JIaCTUYHBIX CBOMCTB KJICHKOBHHBI, yITy4LICHUIO
PEOIOTUYECKMX CBOMCTB TECTA, YTO MIPUBOIUT K YBEITUUCHUIO YIeIb-
Horo oObeMa xjeba. BbICOKyl0 3((EKTHBHOCTb TpH MepepadoT-
Ke prkaHOW MyKH umeeT mpenapat LlemnodTopuH, BblIeneHHBIH U3
KyJbTYpBI rpuba pona Myceliophthora n o6nanaromuii nemtonazHom
Y KCUJIaHA3HOM aKTUBHOCTBHIO ¢ onTUMyMoM neiicteust pH 4,0-6,5 u
temneparypsl 50-70° C.
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®epmentHblil npenapar llenroman Mono BG mnpencrasmsier
co0oif oumieHHYr 5HA0-1,4 [B-kcuinanasy (IIEHTO3aHa3a), KOTO-
pasl mPOLYLHUPYETCs] TeHETHUECKH MOTU(PHUINPOBAHHBIM IITAMMOM
Aspergillus oryzae. [Ipumenenue npenapara Ilentonan Mono BG
CHocoOCTBYET CTAOMIBHOCTH CBOMCTB T€CTa, 0COOCHHO MPH Nepepac-
CTOMKE; YBEIMUYEHUIO [I0bEMA TECTA IIPH BBIINEUKE U, CIIEJ0BATEIILHO,
o0bema xyeda, yIyqlIeHUIO CTPYKTYpBl U Kopouku. [lenTonan MoHO
BG MoxHO MCTIONB30BaTh NpU MPOU3BOACTBE XJICOOOYIOUHBIX H3JIe-
T mpororo accoptuMenta. [lentonan Mono BC obnanaer cunep-
reTH4eckuM d(PQGEKTOM TPH HCIOJIB30BAHUU COBMECTHO C TPUOHOM
amMuiIa3od M OpyruMu (EepMEHTHBIMU mpenapatamu. llpumenenue
[lenronan Mono BG npu npurotoBieHu# xiae000yTOYHBIX H30ETUH
MO3BOJISIET YIYYIIMTh 3JIACTUYHOCTh KIEHKOBHHHOIO KapKaca TecTa
IIyTEM BO3JEUCTBUS KAaK HA PACTBOPUMBIE, TAK U HA HEPACTBOPUMBIE
MEHTO3aHbl MYKH. TecTo XapakTepusyercsi HauOOJNbIIeH CTaOHIIb-
HOCTBIO U HAWIYYIIMMH CTPYKTYPHO-MEXAHMUYECKUMHU CBOMCTBAMHY,
0COOEHHO Tipu paznenke. Xied, IPUTOTOBICHHBIH C UCIOIb30BaHU-
€M 3TOro Tpenapara, 00J1aJaeT ONTUMAIBHON CTPYKTYPOH MSKHIIA U
BBICOKMM 00beMoM. [Ipenapar nHaKTUBHpYETCS B IPOLIECCE BHINEUKH
roTOBBIX U3enui. birarogaps BeICOKOM yucTore no3uposka [lenrona-
Ha MoHo BG cymiecTBeHHO HUXKE, YeM IPU UCIOIb30BAHUU TPaIu-
LUOHHOW IeMULEIUIoNa3bl. PekoMenayeMas 1O3UPOBKa COCTABIISIET
2-5 r va 100 kr MyKH.

4.3 NMpoTteoAuTnyeckme pepmMeHTHblIe Npenaparbl

®depMeHTHBIE TIperraparhl, 00JIaafoNTie MPOTCOTUTHICCKON aK-
TUBHOCTBIO, U3MEHSIOT CTPYKTYPY KICHKOBUHHBIX OEIKOB, YBEIHYH-
BAaIOT KOJTMYECTBO HU3KOMOIIEKYIISIPHBIX a30THUCTHIX BEIIECTB, HCIIOIb-
3yeMbIX APOXOKAMHA /IS IUTAHUS, B Pe3yabTaTe Yero MHTEHCHUHUITH-
pyercs mporiecc OposkeHus monmydadpukatoB. lcmons3oBaHne Tpo-
TEOIUTHIECKUX (DEPMEHTOB IIeJIecOo00pa3HO TpH MepepadboTKe MYKH
C YpE3MEPHO CUIILHOM MJIM KOPOTKOPBYIIIEHCS KICHKOBUHOM, TaK KaK
(hepMEeHTHI STOW TPYTMITHI OKAa3bIBAIOT JIECTPYKTYPHUPYIOIIee AeiicTBHE
Ha KJIEMKOBUHY MYKH.
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[IpumeHeHne TPOTEOIUTUUECKUX (EPMEHTOB CIIOCOOCTBYET
YIYYLICHUIO PEOJIOTMYECKUX CBOMCTB TECTa JUIS 3aTsKHOTO IEUEHbS,
CJIOEHOTO 0E3IPOKIKEBOTO TeCTa, Kpekepa, rayeT, Badens u ap. B Ha-
nreld cTpaHe Mpou3BOAMTCS (PePMEHTHBIN Mpenapar ¢ MpOTeOInTHYE-
ckoil akTuBHOCTBIO IIpoTocyoTrnun I110x, mpoayeHTOM KOTOpOTo
apysieTcsl m1yOouHHas Kynsrypa Bacillus subtilis. ComyTcTBytomummu
(epMeHTaMHU SIBISIIOTCSA KCUIIaHa3a, aMuiasa, SHIonoKaHasa. OnTu-
ManbHbIe yeioBus nercteus: pH 7-7,5, temneparypa 50° C.

Jns mepepabOTKM MyKH C CHJIBHOW KICHKOBHHOW (upma
«Novozymes» BblllyckaeT (epMeHTHBIH mpenapar Neutrase (Heii-
Tpasa). HeliTpasa comepkut HelTpanbHyr0 4acTh mpoTeas3 Bacillus
subtilis. OnTumaneHbIe yCcI0BUS A5 AelicTBUs Tpenapara: pH 5,5-7,5
u Temneparypa 40-50°C.

4.4 AvnoAutnyeckune pepmMeHTHblIe npenaparbl

[MpakTHueckoe 3HaYeHHE HMEET HCIOIb30BaHHE (EPMEHTHBIX
npenaparoB, OONAJAIONIMX JTHITOIUTHICCKOH AKTHBHOCTBIO, OCY-
NIECTBISIONINX THAPOIN3 TPHAMITIHIEpUI0B. OOpasyemblie mpome-
’KYTOUHBIE IPOIYKTHI THIPOJIN3a MACEI U )KHUPOB MOHO- M TIUTITUTICPH-
JIbI 00J1aJIA0T TIOBEPXHOCTHO-aKTUBHBIMH CBOMCTBAMHU U OKa3bIBAIOT
yaydIIaroliee JeicTBUe Ha Moiy(habpHKaThl K TOTOBBIC U3JICITHSL.

B kauectBe mpemnapara, MpOSBISIONICTO JIMIA3HYI0 aKTHBHOCTS,
¢bupma «Novozymes» npemraraet npoaykt Lipopan 50 BC {Jlumomnan
50 BC), mpoayeHToM KOTOPOTO SBJISETCS TEHETHISCKH MOIU(DHIIH-
poBaHHBIHA mTamMM Aspergillus oryzae. [Ipumenenme 3Toro mpemnapara
MTO3BOJISIET YIIYUIIaTh PEOJIOTHUECKUE CBOKCTBA MOTy(hadpuKaToB, 00-
JIervaTh YCIOBUS Pa3leNIki TeCTa, CTPYKTYPHO-MEXaHHUECKUE CBOM-
CTBa MSIKHIIA, €TO [BET, YBEJIHMYMBATH 00HEM TOTOBBIX H3IEIUH U UX
MTOPHUCTOCTH, OCOOCHHO TPH MPOU3BOICTBE XJICOOOYIIOUHBIX HU3IICITHIA
C JKUPOBBIMH TIPOJYKTaMH (pacTUTEIbHBIM Maciom) [Ipu coBMmecT-
HOM HCIOJIB30BaHUM JIUIA3bl ¢ PePMEHTHBIM MperaparoM aMUIONH-
THYECKOTO JCUCTBH HAOIIOMaeTCsS CHHEpreTHIecKuil 2P dekt. OnTu-
ManpHBIe 103upoBKH Jlumoman 50 BC cocrasmsger 0,001-0,005%
Macce MYKH.
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YcTaHOBJIEHO, YTO BHECEHHE (DEPMEHTHOTrO Ipernapara JUMa3bl
yAy4IIaeT CTPYKTYPHO-MEXaHWYECKHe CBOMCTBA MAKHIIA XJieba, ero
3JIaCTUYHOCTh, TEKCTYpy, YIpPYrHMe CBOWCTBA, a TaKKe€ INPOAJIEBACT
CPOK CBEKECTH TOTOBBIX M3aenuil. Mcnonbp3oBaHue npemnapara Jumna-
3Bl TO3BOJISIET YMEHBIIIATh COAECPKAHNE KUPOBBIX MPOTYKTOB B peLiel-
Type xJyeba 0e3 CHIKEHUS MoKa3aTesieil KaueCcTBa FOTOBBIX U3/ICTHH.

4.5 OKncAnTeAbHble depMeHTHbIe NpenapaTbl

B mocnemnue rompl B KadecTBe YMYUIIMTENEH OKHUCIUTEIHHOTO
JEHCTBHS HAXOAAT MPUMEHEeHNE (pepMEeHTHBIE TpenapaThl IITFOKO300K-
cuaassl. [Ipenapar kaTanu3upyeT OKHCIeHNE TIIFOKO3BI KHUCIOPOIOM C
00pa3oBaHNEM y-TITFOKaHOIAKTATa, KOTOPHIH MPEeBPAIIaeTCs B TITFOKO-
HOBYIO KHCJIOTY W TIEPOKCHJI BOOpoa. BHeceHne TIOK0300KCHAa3hI
MIPH 3aMece TeCTa BBI3BIBAET OKMCIEHHUE CBOOOMHBIX CYIb(TUIPUIH-
HBIX TPYI B CTPYKTYpE KIECHKOBUHHBIX OEIKOB, TIOCPEIICTBOM YETO
00pasyroTcss AUCYIb(GUIHBIE CBSI3U, CIIOCOOCTBYIONMINE YKPEILICHUIO
TECTa, YBEIIMYEHHIO DIACTUIHOCTH TECTa, YBEIMUSHHUIO 00beMa n3Je-
TN,

Jns mpomsBoncTBa (epMEHTHOTO Tperapara TITFOKO300KCHa3bI
TIPUMEHSIOT pa3TUdIHbIe BUABI TpuOoB: Aspergillus niger, Penicillium
vitale u ap.

®epmentrerit penapar Gluzyme (I'ro3mm) sBisieTcst mpemnapa-
TOM TITFOKO300KCHAA3bl C aKTUBHOCTHIO (pepMeHTa KaTaslasbl, MPOy-
upyeMoit Aspergillus niger. OH MOXeT OBITH HCITOJIB30BaH B Kade-
CcTBe J00aBKH, 00eCIIEUNBAIOIIEH OKUCINTENLHOE Bo3aelcTBIE. [I10-
3UM aKTHBEH B Tecte, crabuieH npu pH 3,5-7,0 u mpu temmepatype
50-60°C, mHaKTUBHpYETCS B Tpoliecce BhIMeUkd. ONTUMambHas 0-
3UpoOBKa epMEeHTHOTO Tperapara [mo3um aktuBHOCTRI0O 10000 E/T
(10000 Glucose Oxidase Units) coctamser 0,00025-0,007 % x macce
mykH (0,25-7 r za 100 kT MyKn).

N3ydeHna BO3MOXKHOCTh TIPUMEHEHUS TIPY MIPUTOTOBICHUN CHO0-
HBIX W3IeIud (epMEHTHBIX IpemnapatoB B-GpykrodypaHo3uga3kl.
O060CHOBaHMEM K €€ MPAKTHIECKOMY HCTIONB30BAHUIO SBIISETCS yBe-
JTUYCHUE CTETICHH clIafocTh B 1,3 pa3a mpu mHBEpcHH caxaposbl. Mc-
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MOJIb3YsI MFHBEPTHBIH caxap B Ka4eCTBE 3aMEHUTES caxapo3bl BOBMOXK-
HO JIOCTM)KEHHE aHAIOTUYHBIX BKYCOBBIX OLIYIICHUN MPU CHIKCHHS
colepkaHus caxapa-iecka B peuentype. @epment B-ppykrodypa-
HO3MJa3a MpoAyLHpyeTcs rpudbamu Buga A. awamory. OntumanbHas
ycnosus nevicteust pH — 3-5, temneparypa 65° C.

Bomnpocs! A5t caMOKOHTPOJIA:

1. Kakue depmeHTHBIC IpeniapaThl UCIOIB3YIOT AJISl PEryIupoBa-
HUSI caxapo- U ra3o00pasylomieil CrtocOOHOCTH MYKH?

2. C KaKo# LeNbl0 UCIOIb3YIOT MPOTEOINTHYECKUE (PEPMEHTHbIE
npenaparsl Ipyu IPUTOTOBJICHUH TecTa?

3. B xakux cinyyasx Lesnecoodpa3sHo HCHONb30BaTh (pepMEeHTHBIC
npenaparsl ¢ JIMIOJINTHYECKON aKTUBHOCTBIO?

4. Kakoli (hepMeHTHBII Mpenapar meaecoo0pa3HO HCIIOIb30BaTh
MIPH BBIPAOOTKE M3/ICIHI C MOJIOYHOUN CHIBOPOTKOM?

5. Ilpu BbIpaOOTKE KaKUX M3ICIHH LieiecooOpa3sHO NMPUMEHSTH
LHUTOIUTHYECKHE (PEPMEHTHBIEC TIPenapaThl?

6. Kakne MUKpOOpraHU3Mbl IPUMEHSIOTCS [IPH TTOJTydeHuu Qep-
MEHTHBIX IpernaparoB Amunopusut [110x u AmMunocyOotmmmn 10x?

7. Kako#t (hepMeHTHBIN Ipenapar peKOMEHAYETCsl IPU IPUTOTOB-
nenun tecta Ha KMK3?
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