MIHICTEPCTBO OCBITH 1 HAYKH VYKPATHU _
HAIIOHAJIBHUHU YHIBEPCHUTET XAPYOBUX TEXHOJIOI'TH

IncTuryT (pakyabrer)  0i0TEXHOJIOLII TA €KOJOrIYHOr0 KOHTPOJII0

Kadgenpa 0i0TeXHOJIOTi1 | MiKpP00i0JI0Tii
«Jlo 3axucry B EK» «J10 3aXHMCTy 10NMyLIEHO»
JlexaHn ¢akynbTeTy 3aBimyBau kadeapu
Haranis T'PETTPYAK Biktop CTABHIKOB
(mizmuc) (im’st T2 npi3BHILE) (miznuc) (iM’st Ta nipi3BHILE)
« » YEepPBHA 2024 p. « » YyepBHA 2024 p.

KBAJI®IKAIIAHA POBOTA
HA 3JOBYTTSA OCBITHBOI'O CTYIIEHSA BAKAJIABPA

31 CIE1aILHOCTI 162 «bioTexHoJorii Ta 0101HKEHEPISD)
(xoz1 Ta Ha3Ba creiaabHOCTI)
OCBITHBO-TIPO(ECiitHOT TporpamMu «bioTexHosorii: gpapmalieBTU4HA,
MIPOMHCJIOBA, Xap4uoBa, IIPUPOJIOO0XOPOHHA
Ha TEMY. «biocunHTes kinep-rokcuniB Torulaspora delbrueckiiy

Bukonas: 3mobyBau__ IV kypcy, rpynu__ 2

TCA®INYVK Annpiii Pomanosuu

(mpi3Buie, iM’s1, 10 6aTHKOBI IIOBHICTIO) (miamuc)
KepiBauk KPACIHBKO Bikrtopis OneriBHa
(mpizBuiie , iM’st Ta O OATHKOBI MOBHICTIO) (migmnuc)
Koncynbrantu
(im’st Ta npizBHuILE) (migmuc)
(im’st Ta nipi3BHILE) (mimuc)

Peuienzenr Maprapura JOMBEPI’

(im’st Ta npi3BuILE) (miammc)

S, sk 3m00yBay HarioHanabHOTO YHIBEpCHTETY Xap4yOBUX TEXHOJIOTiH, po3ymiio 1 MIATPUMYIO
MOJITUKY YHIBEPCUTETY 3 akajaeMiuHoi moOpodecHocTi. I He HamaBaB(-71a) 1 HE OJepKyBaB(-ja)
HE/I03BOJICHOI JIOMOMOTH Mij Yac MiJArOTOBKU Ii€i poOoTu. Bukopucranus inei, pe3ynbTaTiB i TEKCTIB
IHIIMX aBTOPIB MAIOTh OCHUJIAHHS HA BIIMOBIAHE HKEPEIO

3n00yBau

(i mmc)

Kwuis — 2024 p.



HAIIIOHAJIbHWM YHIBEPCUTET XAPYOBUX TEXHOJIOI'T!

IncturyT (dhakynpTer) _ BiOTEXHOMOTIT Ta €KOJTOTTYHOTO KOHTPOJIIIO

Kadenpa 010TEeXHOJIOT1T 1 MiKPOOi0JIOTii
OcCBITHIH CTYIIIHB OakanaBp
CrneniajgbHicTh 162 «bioTexHoaorii Ta O101HKEHEDLIY

(xox 1 Ha3Ba)
OcsiTHbO-TIpOdeciiiHa nmporpama _ «bioTexHoorii: ¢apmMalieBTUYHa, IPOMHCIIOBA,
XapyoBa, IPUPOI00XOPOHHA

(Ha3Ba)

3ATBEP/KYIO

3aBinyBau kadeapu _06i0TeXHOJIOTI] i
MiKkpP0o0OioJIorii

Biktop CTAEHIKOB
“ 01 ” oepesns 2024 poky

3ABAAHHHA

HA KBAJII®IKALINHY POBOTY 3J0BYBAUYA
CA®INYYK Annpiii PoManosuu

(npi3Bu1e, iM’4, MO OATHKOBI)

1. Tema poboTu « bilocunTe3 kinep-rokcuHiB Torulaspora delbrueckii»

KEpIBHUK pOOOTH KPACIHBKO Bikropig OneriBHa, K.T.H., JOIL ,

( mpi3BmmIe, iM’s1, MO0 OATHKOBI, HAYKOBHUII CTYIIHb, BUCHE 3BaHHS)

3aTBEpPKEH1 HAKa30M 3akiiaay BUIIOI OcBITH Bia 29 Gepe3ns 2024 poky Ne 238-kc
2. Ctpok nogaHHs 3100yBaueM podoTu 28 tpasHs 2024 p.
3. Buxigni mani g0 pobotu _ Oiosoriunuii arent: Torulaspora delbrueckii, 1inboBuii
NPOJYKT: KUULIEP-TOKCUHHM, CYX1 JIPIKIKI

4. 3MICT TOSICHIOBAJIBHOI 3amUCKU (TIEpeNliK MUTaHb, SIKI MOTPIOHO PO3POOUTH)
PO31JI 1. XAPAKTEPUCTHUKA IHIJIbOBOI'O ITPOAYKTY BIOCHMHTE3Y. PO3/1JI
2. OBI'PYHTYBAHHS BMBOPY BIOJIOI'TYHHOI'O AT'EHTA. PO3A1J1 3. TEXHIKO-
EKOHOMIYHE OBIPYHTYBAHHSA. PO3JAUJI 4. BIOCHMHTE3 HUJILOBOI'O
[MPOAYKTY. PO3AJI 5. OFTPYHTYBAHHS BUEOPY TEXHOJIOT'TYHOI CXEMU.
PO3ALJI 6. CHELIM®PIKALLS OBJIAJTHAHHS. PO3/IJI 7. OIIMC TEXHOJIOI'TYHOI
CXEMU  BIOCHMHTE3Y  KIJIJIEP-TOKCHHY. PO311JI 8. KOHTPOJIb
BUPOBHMIITBA. PO3J1JI 9. AHAJII3 TIEPCIIEKTHMB BIIPOBAJ/DKEHHS
CUCTEMMU EKOJIOT'I3ALIII BUPOEHUILITBA.
5. [epemnik rpadignoro marepiaity

Texnoaoriyga cxeMa onxepxanus Torulaspora delbrueckii — 1 apkymi ¢popmaty Al.
AmnaparypHa cxema ozaepskanns Torulaspora delbrueckii — 1 apkym ¢popmaty Al.




6. Koncynbrantu po3aiiaiB podoTu

) C . ITigmuc, nata
P03l[iﬂ le?)BI/IH_[e, 1H1II1aJIM Ta rnmocajga 3aBIaHHA 3aBIaHHA
KOHCYJIbTAHTa BHJIAB HpHﬁHHB
7. Jlata Bumaui 3aBganas  01.03.2024 p.
KAJIEHIAPHUM IIJIAH
No Ha3Bg e‘TaHi']?’ BUKOHAHHS C1p01§ BUKOHAHHS Tpivin

KBaTiiKaIiiHOi poOOTH eTarniB pooboTH
1 XapakTepucTHKa IJIbOBOTO MPOIYKTY 01.03.24 —
11.03.2024

5 OOrpyHTyBaHHs BUOOpPY Ta XapaKTepUCTUKA 11.03.2024 —
010JIOT1YHOTO areHTa 27.03.2024

3 BioCHHTE3 iTbOBOrO MPOLYKTY 27.03.2024 -
04.04.2024

4 | OOrpyHTyBaHHSI BUOOPY TEXHOJIOTTYHOI CXEMU 04.04.2024 —
14.04.2024

. 16.04.2024 —
5 Crnenudikaiiist o01aHaHHS 01.05.2024

6 Onuc TEXHOJIOTIYHOI CXEMHU OJICpKAHHS 02.05.2024 —
O6iomacu 12.05.2024

7 KoHTposs BUpOOHUIITBA 12.05.2024 -
19.05.2024

8 AHaJi3 nepcrneKkTUB BIPOBAKEHHS CUCTEMHU 19.05.2024 —
€KoJIoT13al1lii BUPOOHUIITBA 23.05.2024

9 OdopmiteHHS TOSCHIOBATILHOT 3aITUCKU 23.05.2024 -
25.05.2024

10 Bukonanus rpadiuHOi YaCTUHU MPOEKTY 25.05.2024 -

28.05.24
3n00yBay — Al(mpiﬁ FA(I))H7I‘—IYK
mianuc iM’s Ta Mpi3BHUILE
KepiBuuk poéoru BikTopis KPACIHEKO

(rrimuc)

(im’st Ta npi3BuIIE)




PEDEPAT

KBamiikamiitna poboTa MpUCBSYEHA MOCTIKEHHIO OI0CHHTE3Yy KiJIep-TOKCHHIB
apikmkie  Torulaspora delbrueckii Ta po3poOmi TexHOIOTIYHOI 1 amapaTypHOi CXeM
BupoOHuITBa npikmkiB T. delbrueckii, mo mnpoaykyroTs kinmep-tokcuHu. Y poOOTI
JAEeTalbHO OMHUCaHl MOP(OJIOTIUHI, KyIbTypalibHi Ta (Pi310JI0T0-010XIMIUHI XapaKTEPUCTHKU
JTOCIDKYBAaHUX JIPIK/DKIB, @ TAaKOXK BHU3HAYECHI ONMTHMAaIbHI YMOBHU JUISI MAaKCHUMaJIbHOTO
CUHTE3y KUIEep-TOKCHHIB, Taki K TemrepaTrypa, pH cepemoBwmina, mkepena BYTJCIIO Ta
a3oTy.

PosrnsnaroTecs MexaHi3Mu i KiJIEp-TOKCHHIB, iX OIOCHMHTE3 Ta MOMJIMBOCTI
3aCTOCYBaHHS Yy XapyoBiil MPOMUCIOBOCTI JISI KOHTPOJIO JAPDKIKOBUX MOIMYJISIIIHA.
OcobOnmuBa yBara mNpuJiJieHa BUKOPUCTAHHIO UUX JPDKIKIB Yy BHHOPOOCTBI ISt
3a0e3ne4eHHs CTaOUTbHOCTI Ta SIKOCTI BUHHOT IPOYKIIIi.

Ksamidikamiitna po6ota BukiageHa Ha 114 crtopinkax, mictuth 13 Tabmwuip, 12
PUCYHKIB, CKJIAJIA€ThHCS 3 TIEPENIIKY YMOBHUX IMO3HAYEHb, BCTYIY, JIEB ATh PO3/LIIB, CIIUCKY
BUKOPHUCTAHOI JITEPaTypH, JOIATKIB, alapaTypHOI Ta TEXHOJOTTYHOT CXEM.

Kawuosi caoBa: gpixmki  Torulaspora delbrueckii, ximep-tokcunu, OiocuHTE3,

MPOTUMIKPOOHI 3aCO0M, BUHOPOOCTBO.



ABSTRACT

The qualification work is dedicated to the study of the biosynthesis of killer toxins by
the yeast Torulaspora delbrueckii and the development of technological and apparatus
schemes for the production of T. delbrueckii yeast that produce killer toxins. The work
provides a detailed description of the morphological, cultural, and physiological-
biochemical characteristics of the studied yeasts, as well as the determination of optimal
conditions for the maximum synthesis of killer toxins, such as temperature, pH of the
medium, carbon, and nitrogen sources.

The mechanisms of action of killer toxins, their biosynthesis, and the possibilities of
their application in the food industry for controlling yeast populations are considered.
Particular attention is paid to the use of these yeasts in winemaking to ensure the stability
and quality of wine products.

The qualification work is presented on 114 pages, contains 13 tables, 12 figures, and
consists of a list of abbreviations, an introduction, nine chapters, a list of references,
appendices, as well as apparatus and technological schemes.

Keywords: Torulaspora delbrueckii yeast, Killer toxins, biosynthesis, antimicrobial

agents, winemaking.
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BCTYII
JIpIKIKOBI KIJUTEP-TOKCUHU — TI€ O17TKOBI TOKCHHH, SIK1 3a3BHYal TJ1KO3WIHOBaHI

Ta 3B’A3yIOThCS 31 cHenu@IUHUMHU pelenTopaMyd Ha IOBEPXHI MIKPOOPraHi3MiB-
mimeHei. 111 Tokcuan BUPOOIIAIOTHCS IEBHUMH IITAMaMH JIPIK/DKIB 1 3HUIIYIOTH 1HIIT
MIKpPOOPIaHi3MHu, K1 HE MOXKYTb iX TpoaykyBaTu. [lITamMu apik1kiB MOKYTh BUPOOIISITH
OIMH abo0 KiJbKa THUITIB TOKCHHIB, IO JIIOTh PI3HUMH MeEXaHI3MaMH, BKIIIOYAIOUud
npurHidenns cuHTtedy JIHK abo eprocreposny Ta 3MiHYy HPOHHUKHOCTI KIITHUHHOI
MemOpanu [1].

Taki TOKCUHM MalOTh 3HAYHUI MOTEHIIAN K MPUPOJIHI TPOTUMIKPOOH1 3aco0u y
XapuoBUX MPOAYKTaX Ta s OlOJIOTIYHOTO KOHTPOJIO POCIMHHUX MaTOrEHIB.
Hampukiaza, BoHM JoroMararoTh 30epiratu SKicTh BUHA, 3a11001ratouu oro rcyBaHHIO,
10 OCOOJIMBO Ba)JIMBO IMIJ 4Yac TPUBAJIOrO 30epiraHHs. BHHOPOOCTBO, SIK BayKiIMBa
CKJa/I0Ba CLIbCHKOTOCHOJAPCHKOTO CEKTOpPY, 3HAYHO BIIMBAE HA EKOHOMIKY Ta
KyJbTYpy. YKpalHCBKM pPHHOK BHHA JIEMOHCTPYE CTIMKHA pICT, CTUMYIIIOYHU
BIIPOBA/PKCHHSI HOBUX TEXHOJIOTIH, 30KpeMa KUUIEP-TOKCUHIB, $K NEPCIEKTUBHOI
IbTEPHATHUBY XIMIYHUM 3ac00aM.

JIpi>KIKOBI KULIEP-TOKCUHU CKJIAJAIOThCS 3 JIBOX KOMIIOHEHTIB: O-MENTHY, IO
3a0e3neuye crnenudiuHy aKTHBHICTh TOKCHUHY, Ta [-MenTumy, SKW Jomomarae
TPaHCIIOPTYBATH O-TIETITUJ O KJIITHH, 1[0 MaloTh OyTu BOWUTI. ['eHu, 1m0 KOAYIOTH Il
TOKCUHU, MOXYTh OyTH JIOKaJ130BaH1 B s7Ip1 a00 HA [IUTOIIA3MAaTUYHUX JBOJIAHITIOTOBUX
monekynax JIHK abo PHK BipycHoro noxomxenns [2].

TOKCHHU-KUIJIEpU MOXXHA BHKOPUCTOBYBAaTHU HJisi OOpPOTBOM 3  JApIXKIKAMHU-
napasuTaMH B Xap4oBiii IpOMHCIOBOCTI, Takumu sik Pichia, Brettanomyces ta Candida.

BoHu MOXyTh OyTH BUKOPHUCTAaHI SIK aTbTEPHATABA TPATUIIHHAM METOAaM

HYXT BTEK 04.02.36 KP [13

M ApK. | Ne gokymenma ] Ilionuc | Jama

Po3pobHuk | laitiyyk A.P. Jlimepa| Apkyw |  Apxywis
KepigHuK Kpacitbko B.0. ] 8 2

. KoHmp Bcmyn

RoHCy/1bm Kagedpa 6TM
3a8. Kag. (mabHixos B.II.




KOHCEpPBYBaHHS, TAKUM SIK BUKOPUCTaHHS XIMIYHUX KOHCEPBAHTIB, a TAKOXK I 0OPOTHOU
31 WIKIJJIUBUMHE IPLKIKAMHU Y BUHOPOOCTBI Ta MMBOBAPIHHI.

Kpim Ttoro, apimKoBi KUIIEP-TOKCHMHM MAarOTh IOTEHIial il OOpoThOM 3
rpUOKOBUMH 1H(MEKIIIIMA Yy JIOACH, TaKMUMH SIK KaHAWI03 Ta MOJIOYHHUIIS, aje ix
BUKOPHUCTAHHA Y MEAMIIMHI 3aJIMIIAETHCS EKCIEPUMEHTAIbHUM 1 TOTpeOye T0AaTKOBUX
JOCIIKEHb. Y CLIBCHKOMY T'OCIOJAPCTBI 11 TOKCUHU MOXYTh BUKOPHUCTOBYBATHCS IS
3aXUCTY POCIIHH BiJ XBOp0O, TaKUX SIK TUIICHABA, (y3apio3 1 OOPOIIHKCTA POCA, OCKIIBKH
BOHU HE € TOKCHUYHUMH IS JIIOJed Ta TBapUH 1 HE MalOTh HETaTHBHOIO BIUIMBY Ha
HaBKOJIMIIHE cepenonuiie [3].

VY naboparopisix JOpLKIKOBI KULIEP-TOKCMHM MOXHA BUKOPUCTOBYBATH SK
IHCTpYMEHT JIJI1 BUBYEHHS MEXaHI3MiB KJIITHHHOTO BOMBCTBA Ta JIOCIIIHKCHHS MYyTaIlii
JIPIKIKIB, SIK1 3a0€3MeYyI0Th CTIMKICTh 0 IIUX TOKCHUHIB.

BuHOpPOOCTBO € BasKJIMBOIO CKJIQZOBOIO raly33i0 CUIBCHKOIOCIIOIAPCHKOTO CEKTOPY,
10 BIUIMBA€E Ha €KOHOMIKY Ta KyJbTYypY KpaiH CBITY. Y Cy4aCHHUX YMOBax BHHOPOOCTBO
CTaso OO0'€eKTOM MIABUIIEHOTO IHTEpPECy. 3a OCTaHHI POKH YKPAiHChbKMII PHUHOK BHHA
JIEMOHCTpY€E CTIAKUI picT. CTPIMKUNA PO3BUTOK BHHOPOOCTBA CTUMYIIIOE BIPOBAKEHHS
HOBUX TEXHOJOIIM Ta 1HHOBALIW, Kl BKIIIOYAaIOTh BUKOPUCTAHHA CY4YacHUX METOJIB
BHUPOIIYBaHHS BHHOTIPAJy Ta HOBHX METOJIB 30epekeHHs mpoaykuii. OAHIE0 3 TaKuX
MEePCIEKTUBHUX TEXHOJOTIA € BUKOPUCTAHHSA KULIEP-TOKCHHIB 3aMICTh TPATUIIAHUX
XIMIYHUX 3aC00iB, 1[0 BUKOPUCTOBYIOTHCS JUIsl MPUTHIYCHHS HeOakaHoi MikpoOioTn [1].

OTxe, NPIKIKOBI KULIEP-TOKCUHU € BAXKJIUBUM 1HCTPYMEHTOM Yy O10JOTIYHUX
JOCTIIKEHHSX, MEIMIHUHI, CiTbCHKOMY TOCMOJAPCTBI Ta XapyoBili MPOMMCIOBOCTI. Ix
BUKOPHUCTAHHS MOXE MATH MEpeBaru MOpiBHIHO 3 TPAAUIIMHUMUA METOJaMH, TIPOTE CIIiJ
3a0e3MeynTH TMpaBUJIbHE JO3YBaHHSA Ta 3aCTOCYBaHHS, a TaKOX MPOBOAMTU JOJATKOBI
JNOCIIKEHHST 1Jis 3a0e3neueHHs Oe3neku Ta edeKTHBHOCTI. BukopucTaHHs Kijiep-
TOKCHHIB Y BUHOPOOCTBI HE TUTLKH CIIPHUSIE 3aXUCTy BUHA BiJl HEOAKaHUX MIKPOOPTaHI3MIB,
ajie i BIUTMBa€e Ha HOTro 3arajbHy SKICTh, CTAOUIbHICTH Ta 30€pEKEHHS BIIACTUBOCTEH

NPOTITOM TPHUBAJIOTO Tiepioay 30epiranus [4].



PO31J1 1. XAPAKTEPUCTHUKA IIJIBOBOT'O ITIPOAYKTY BIOCHUHTE3Y

Yci BiIoM1 TOKCHHHU-KUIEPH, IO BUPOOIIIOTHCS APKIKAMU-KUIepaMu, € OLTKaMH,
sKi BOMBAIOTh YyTJWBI KIITHHU 4Yepe3 ABOCTyIeHeBui crocid aii [6]. Lle Buie Oyio
BUSIBJICHO cepeJl 0arathbOX pI3HMX POIB ApikmKiB. [loTeHIliiiHA 3MaTHICTh TIEBHUX
JPIKIHKIB-KIIEpIB BOMBATH 1HIIN YYTJIMBI APLKIKI BHEPIIE CIIOCTEpIragud y INTaMiB
Saccharomyces cerevisiae [5]. JIpixmKi-BOUBII BHILISIOTH MO3aKIITHHHUN OlJIKOBHIA
TOKCHUH, KHI € CMEPTEIbHUM JJI Yy TJIIMBUX JAPIKIKIB 1 BOMBae ocTaHHIX [ /]. Apixmxi,
10 BUPOOJISIOTh TOKCUH-YOUBIIIO, MaIOTh IMYHITET /IO BJIACHOTO TOKCHHY, aJle MOXKYTh
BOMBATH 1HIN YyTJIMBI JPDKIKI, BHKOPUCTOBYIOUM PI3HOMAHITHI MEXaHI3MH,
HaIpUKIIa1, HAUTIOIOYUCh HA KUJTbKA KJIITUHHUX KOMIIOHEHTIB, a CaMe: KJIITUHHA CTIHKA,
wiazmMaruuna Mmemopana, TPHK, JIHK tomro [5].

BigkpuTTs TOKCHHIB-YOUBIb JpiAKIKIB naryeTbes 1963 pokom, xonu beBaH 1
MakoBep omHcaB CEKpEIlil0 MOJEKYJ TE€BHUM 130JIATOM TUBHUX JPDKIDKIB
Saccharomyces cerevisiae, 10 TPUTHIYYE PICT IHIIWX MITaMiB IpiKIKIB. [li3Himie
CEeKpeToBaHa MoJieKyJa Oyia iIeHTh(1KOoBaHa sIK OUIOK SIKU OyB Ha3BaHUM (HAKTOPOM-
KiJIepoM a00 TOKCHHOM-K1JIEpOM, a IITaM 110 MPOAYKYE iX — ApixkmKaMu-Kigepamu. o
ChOTOJHI TOKCHHIB-KIJIepiB Oyyio BuUsiBieHO mMoHaa 100 ackominetHux 1 moHan 50
0a3uIIOMIIIETHUX BHUJAX JPIKIKIB. [ledaki 3 IIUX TOKCHUHIB OyJM IIMPOKO BHBYEHI.
30CEPEIKYIOUUCh Ha CTPYKTYpPl Ta MEeXaHI3MaX 3HMINEHHS KIITHH a0 Ha JOCIIKEHH]
iX MPUKJIAQTHUX acTeKTiB [7].

Hpixmki pomy Torulaspora delbrueckii BuminsroTs O1IKOBI TOKCHHHU-BOHBII,
CMEpPTEJNIbHI JJIsl YyTJIMBHUX INTaMiB APLKIKIB. Kinep TOKCHH SKMW MpoAyKye AaHUMN

MIKpPOOPIaHi3M HE € YyTJIMBUM JI0 BIIACHOTO TOKCHHY [3].

HYXT BTEK 04.02.36 KP [13

M Apk. | Ne dokymenma| Ilionuc | Jama

Po3pobHUK | [ a@iuyyk A.P. Jlimepa| Apkyw | Apxywis
geﬁé%" Hpadihbio B.0. PO3I 1. XAPAKTEPUCTIKA | O 4
RoHCyom UI/IbOBOI 0 MPOAYKTY BIOCMHTE3Y Ka(peapa BETM
3a8. Kag. (mabHixos B.II.
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KosHi apiKIKI-KiJIepr MaloTh IMyHITET O CBOTO BJIACHOTO TOKCHHY a00 JI0 TOKCHUHIB, 1110
BHUPOOJISIFOTCS IITaMaMH TOT'O caMoro Tuity-kiepa [10].

[ITam Torulaspora delbrueckii NPCC 1033 (BupoOHHK TOKCHHY-KiJIepa) IEMOHCTPYE
3HaYHUH 1HT10YyI0uui e(PeKT Ha PICT PI3HUX TOCIIHKYBAHUX JPDKIKIB. Y JAHOTO TOKCHH
MOJIeKyJsipHa Maca cTaHoBuUTh Onm3bko 30 x/la, KinepHa axkTHBHICTH 3a3BHuYail €
ctabiapHO0 Mk pH 4,2 Ta 4,8 1 iHaKTUBYBaJIacs IIPU TEMIIEpaTypax sKi CTAaHOBJIAThH BUILIEC
40 °C.

TokcHH Mae TIIIOKaHa3HY 1 XITHHA3HY aKTHUBHICTb, TaKOXX BIH CTaOUIHPHUN B YMOBax
BUHOpOOCTBA. [lepenbauyBanuii crocid Aii KiJep-TOKCHHY BKJIIOYA€E B ce€0€ 3B’ SI3yBaHHS 3
B1-6 rmrokaHom 1 xiTMHOM. Ilin yac MOYATKOBOI B3a€EMOJII TOKCHMHY 3 YyTJIMBUMHU
KJIIITUHAMH 3 TTOTEHIIIMHOIO JIeTpaJalli€ro KX MmojicaxapuaiB (depe3 iXHio B-TIroKaHa3Hy Ta
XITUHa3HY aKTHBHICTB), BIAOYBA€ThCSl PYWHYBAHHS KIITUHHOI CTIHKHM (XITHMH 3HUKEHHS
OIIHKH I1/1 MIKPOCKOIIOM) 1, HAPEIIITI, 3aru0eb KJIITHH HUISIXOM HEKPO3y B MOYATKOBUH yac
1 amonTo3y 4yepe3 24 roaunu [3].

TOKCUHU-KULIEpU MOKHA BUKOPUCTATH JJs1 OOpPOTHOM 3 JIpKIKaMU-Iapa3uTaMu B
XapyoBii MPOMHUCIOBOCTI. TOMYy BOHM MarOTh MOTEHIIAN SIK MPUPOJHI MPOTUMIKPOOHI
3aco0M B Xap4yOBUX MPOAYKTAX Ta JiJisi O10JIOTYHOTO KOHTPOJIKO POCIUHHUX MATOTeHIB. AJle
HaOUTbIIly yBary MOpUAUBIIOTH caM€ y BHHOPOOHIM MPOMUCIOBOCTI  OCKUIBKH
BHKOPHUCTOBYIOTBCS JIJII KOHTPOJIIO HAJ JPIKIHKOBUMHU TTOMYJISIIIISIME ITi1 9ac OpOIiHHS, a
TaKOX , 3aM00Irat0Th POCTY IIKIUIMBUX MIKPOOPTaHi3MIB, SIK1 BUKJIMKAIOTh BUHHI XBOPOOU
Ta CHPUSAIOTH NICYBaHHIO BMHA. KpiM TOro, Kijsiep TOKCHHU JTONOMararoTh KOHTPOJIIOBATH
(dhepMeHTaIIHHUIM TIPOIIEC, PETYJIIOI0UM PIBEHb JIPIAKIKOBOTO POCTY Ta MEPEIIKOIKAI0UU
MosiBl He0aKaHUX apomaTiB Ta CMakiB y BuHI. Lle 0coOIMBO Ba)JIMBO B yMOBax, KOJIU
30epiraHHs BMHA TPUBAE TPHUBAIHMI MEPiOA, OCKUIBKH KULIEP TOKCHMHHM JOIOMAararoTh
30epiraT HOro SAKiCTh MPOTATOM TPUBAIOTO yacy [2].

BuHOPOOCTBO € BaXKJIMBOIO CKJIAJJOBOIO Taly33i0 CUTIBCHKOIOCIOAAPCHKOTO CEKTOpY,
BIUTMBAIOYM Ha €KOHOMIKY Ta KyJIbTYpY KpaiH CBITYy. Y Cy4acCHMX yMOBaX, BUHOPOOCTBO
CTaJo0 00'€KTOM TMIJBUILEHOTO IHTEpPECy. 3a OCTaHHI POKH, YKpaiHCHbKUWA PUHOK BHUHA

JEMOHCTPY€E CTIMKUU pICT. Y CBOIO Yepry, CTPIMKHI PO3BHUTOK BHHOPOOCTBA CTUMYITIOE
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BIPOBA/PKCHHSI HOBUX TEXHOJIOT1M Ta IHHOBAIlIH, K1 BKJIFOYalOTh: BUKOPUCTAHHS CY4YaCHUX
METO/IIB BUPOIIYBAaHHS BHHOTPAY, HOBI METOIU 30epekeHHs mMpoAyKIlii. OmHiel 3 Takux
MEePCIEKTUBHUX TEXHOJIOTIM € BUKOPUCTAHHSA KULIEP-TOKCUHIB B3aMIH TpaJUIIHUM
XIMIYHUM 3aco0a, MUK MPOAYKTY 3000pakeHo Ha puc.l.l, sKi BUKOPUCTOBYIOCS AJIs

NpUTHIYeHHS HeOa)kaHoT MIKPOO1OTH.

Ingrédients/ingredients ingredientes/
ingredienti/Zutaten/ingrediénten :
Saccharomyces bayanus :
Levure/yeas/levaduraylievito/Hefe/ i
gist, Emulsifiant(E491),emulsifier(EA91)/ e
emusionante(E491)/ Emulsionatore(E4491)/ 1
Emuigator(E491) =—

Stockerau faisetau sec =
59°F gl 15°C  Storeinacooldry place F—

Conservar ensitiofrescoy seco o f—
\ o o~ Consenvareinluogofrescoeasciutic. =
41°F ML5°C  ghiund trocken lagem =

Koe! en droog bewaren

| L |
Puc.1.1 Ipixmki-BOUBII, /Ui BUKOPUCTAHHS JJIs1 KOHTPOJIBOBAHOTO OPOIiHHI, I BTOPHHHOTO

OpOJIIHHS a TAaKOK /1711 BAPOOHUIITBA BUH 3 BUCOKOIO MacOI0 cycia, 03 3aIMLIKIB LIYKpY.

Jlikapchkux 3ac00iB, TOBHICTIO 3aCHOBAaHMX Ha KiJIEp-TOKCUHAX, TIOKH IIIO HE ICHYE,
ayie JOCTIDKYIOThCS MOXIIMBOCTI 1X MPaKTHYHOTO 3aCTOCYBaHHS y BHUHOPOOCTBI [7],
CUIbCHKOMY TOCIIOAAPCTB1, BETEPUHAPII Ta Xap4yOB1i MPOMUCIOBOCTI. AJie, Ieperisgaoun
npenapaTy y CBITOBOMY PHHKY, MOKHA 3HAWTH MpermapaTi Ha OCHOBI JPIKIKIB, B AKUX €
HasBHUH TokcuH-Kigep. Cepen och 1uX mpemnapariB O0yB Saccharomyces cerevisiae Bif

BupoOHuKa Lalvin ta Bioferm-Killer (Puc.1.2).

A) 5)

WINE YEAST « LEVURE A VIN

LALVIN ¥

AY

N ASTOZIL (I TO S IMP GAL /| YO 4 US GAL) -l
POURASAZIL(LASGAL IMP.1 | A4 GAL US) A Yottt hubur = 7ge

wees s CANADA e
el == i

Puc. 1.2. dpixmxi 3 kinep-tokcunoM: A) Lalvin: b) Bioferm Killer{6, 71-1

12



3a3Buuail ToBapHa (opma JAaHUX TMpenapaTiB y BUIVISAI TpaHyldl TaK Yy BUIJISAIL
MOPOIITKY KOPUIHEBOTO KOIHOPY. SIK MpaBmiio BUPOOHUK TMAaKy€e JaH1 IPLKIKI , MACOIO BiJ
2 r. 1o 10 r. Takoxx MoxxyuBe nmakyBaHHs y 100 r abo Oiiblie ajie Ha BUMOTY 3aMOBHHKA.
Bucymenni BunH1 Apixmaki MatoTe pH Bix 5.5 no 7.2 , Ta Bomoricte MeHIy 5%. Tepmin

NPUJATHOCTI IIpenapariB ckianae 12 micsmis [8,9].
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PO3JI1J1 2. OBI'PYHTYBAHHSA BUBOPY BIOJIOTTYHOI'O ATEHTA
Ha nanuit yac 34aTHICTh A0 MPOAYKYBaHHS KiJIep-TOKCHHIB BUSIBJICHA y 0aratbox
BUJIIB JIp1K/DKIB. HalO1ab11 BiOMI BUAM JPLKIKIB, 1110 BUPOOJISIOTH KIJIEP-TOKCHH € —
Candida albicans, Candida tropicalis, Saccharomyces cerevisiae, Pichia
membranifaciens, Pichia acaciae ma Kluyveromyces lactis [11]. Yci Bigomi TOKCHHU-
KUIepH, 110 MPOAYKYIOThCS APIKIKaMHU-KUJIepaMH, € O1IKaMH, sIKi BOUBAIOTh YyTJIUBI JI0
HUX KJIITHHHA. Y CBOIO Yepry aHTHUOIOTHKU - 1€ O10JIOTiYHO aKTWMBHI PEYOBMHH, SIKI
BUPOOJISIOTHCS OyAb-SIKUM MIKPOOPTaHi3MOM 1 MarOTh aKTHUBHICTh MNPOTH TPHUOKIB,
OakTepiii, BIpycCiB 1 pakoBUX KIITUH. Ha cbOrogHINITHINA ACHB AJIs IP1AKIKIB-BOUBIIb Ta 1X
TOKCHHIB  3HaWllUIM  KUIbKa  3acTocyBaHb.  Hampukman, — ApDKIKI-BOMBII
BUKOPHUCTOBYIOTHCS JIs1 OOPOTHOU 3 TUKUMU JIPIKIKAMU, 110 3a0pyAHIOIOTh 1KY, 1 I
OOpoTbOM 3 TNATOTE€HHMMH TpuUOaMu y POCIAUH. Y Tally3l MEAMLMHHU I APLKIKI
BUKOPUCTOBYBAIKCS Il PO3POOKH HOBHX AHTUMIKOTUYHUX 3aCO0IB ISl JIIKYBaHHS
rpuOKkoBUX 1HGEKIIH Jroei Ta TBapuH. KpiM Toro, aHi APiKHKI BUKOPUCTOBYBAIHUCS
JUTSl KOHTPOJIIO 3a0pyAHIOIOUUX APIKDKIB JUKOTO THITY Y BUHOPOOCTBI, MMBOBAPIHHI Ta
IHIINX rany3sx opoainus [7].
2.1 Koporka indopmauisi npo mraMu ApixKIKiB
[Iram Torulaspora delbrueckii (puc.2.1) BUKOPHCTOBYIOTH JJIsi TIPOTYKYBaHHS
KUICPHUX-TOKCHHIB TaKOXX IITHPOKO PEKOMEHIOBAHHMM I TIOMNIMINCHHS JCAKUX
cnenngivyanx xapakrepuctuk BuH [12]. Hpixmki T. delbrueckii e mpororpodhuumu
mTaMaMH, BHJUJIGHUMH 31 CIIOHTAaHHOTO OpojiHHsS BuHOrpamy. IIpommciioBe
BUKOPUCTAHHS WX JIPLKIKIB 3HAXOIUTHCS 1] MTATCHTHOO 3asSBKOK0 (XapaKTepUCTHKA

npojylieHTa HaBeaeHa B Ta0muii 2.1) [13].

HYXT BTEK 04.02.36 KP [13

M Apk. | Ne dokymenma| Ilionuc | Jama

Po3pobHUK | [ a@iuyyk A.P. Jlimepal Apkyw | Apkywis
geﬁm‘g‘ Hpadihbio B.0. PO3/1 2. OBTPYHTYBAHHA BUBOPY kT2 4
RoHcyem bIO/IOFIYHOMO ATEHTAY Ka«peapa ETM
3a8. Kag. (mabHixos B.II.
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i

Puc.2.1. Torulaspora delbrueckii mpu MikpockoritoBaHHi.

Hemonasro Oyso nokaszano, mo Kluyveromyces phaffii DBV PG 6076, komiuiHs
Ha3Ba Tetrapisispora phaffii, (Puc.2.2.) Bupo0Oisie Tokcun-yousmwoo (KpKt), skuii mgie Ha
APIXKIDKI, M0 TICYIOTh BHHO. TOKCHH Ma€ HIMPOKY aKTUBHICTH mpoTu Hansenispora /
Kloeckera B ymoBax BHHOpPOOCTBa , OT)KE, MPEIACTABISAE OCOOJIMBHMH IHTEpEC IS HOTO
MOTEHITIHHOTO 3aCTOCYBaHHS SIK aHTUMIKpPOOHOTO areHTa y BHHOPOOHIM MPOMHUCIIOBOCTI.
BueHi BUSBUIN 110 TaHWH TOKCHH, Ma€ TOKCUYHY 110 Ha JIIOAUHY Ta TBAPUH TOMY HOTO HE
BapTO BHMKOPHMCTOBYBAaTH SIK JKapChKWi 3aciO, sk Hampukiaa TokcuH Torulaspora

delbrueckii [14].

Puc.2.2. Kluyveromyces phaffii npu mikpockomiroBaHHi.

[TanomikonmH, TokcuH-youBis Pichia anomala NCYC 434 (K5) (Puc.2.3.),
Npe/cTaBiIeHUd  MOHOMEpHUM TiikonpoTeiHoM 49 kJla 3 ek30-B-1,3-rirokaHazHoIO
aktuBHicTIO [16]. 3aBasku  JEKUIBKOX JOCHiPKeHHsSX TokcuHy Pichia anomala

nosigomuiy, 1o mram (NCYC 434 (KS) mae mupokwii CrieKTp MiXKpOoJI0BOTO 3HUIIICHHS, 1
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TOMY HOro OUIOK-BOMBIIS BBa)A€ThCS MOTEHUIMHUM MPOAYLUEHTOM MPOTUTPUOKOBUX

JiKapchKuX 3aco0iB [15].

Puc. 2.3. Pichia anomala NCYC 434 (K5) npu MiKpOCKOIIiFOBaHHI.
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Oco001MBOCTI 0/1ep:KAHHSA KLIIEP-TOKCUHY

Tabnuys 2.1

Konuen
Crky1aJ NOKUBHOTO Tpant MouJgexyasipn Ymosu
IIpoayuent cepeoBHINA,T/JT Npoayk a maca KyJAbTHBY Hikepento
Ty, BaHHA
Mr/a
KommnoHeHT Konuenrpauisi, r/a
[13] Abu-Mejdad, N.M.J.A., Al-Badran, A.l. &
. . Al-Saadoon, A.H. Purification and
/IPLIDKOBHI CRCTPAKT: 3r, H a4 characterization of two killer toxins originated
Torulaspora  [COTOAOBUH EKCTPAKT: 3r, 27 45 P 3 O, Co from Torulaspora delbrueckii (Lindner)
delbrueckii  [menToHn: 5T, Klla Hp7ﬂz and Wickerhamomyces anomalus (E.C.Hansen)
[ITI0KO3a: 10T. roa Kurtzman, Robnett, and Basehoar-Powers. Bull
Natl Res Cent (2020). 44, 48
https://doi.org/10.1186/s42269-020-00308-w
[14] Francesca Comitini, Natalia Di Pietro,
Laura Zacchi, llaria Mannazzu, Maurizio Ciani.
JpivkDKOBHIA _ pH 45 K_Iuyveromyces phaffii killer toxin active
Kluyveromyces excTpakT Bacto: 10T o 62’C against wine spoilage yeasts: purification and
phaffii DBV PG Heron: 10r; 14,3 33 k/la 41100 o characterization. Microbiology. 2004,
6076 ' 50r. A 8(150):2535-2541.
[ moko3a: https://doi.org/10.1099/mic.0.27145-0
o JIpiKIDKOBOTO SKCTPAKTY : 1% PH 5,5 [15] lzgu F, Altinbay D. Isolation and
Pichia anomala oo - 204 0 H characterization of the K5-type yeast killer
Knimunu NCYC Jlexerposa - 204 6,4 49 x/la 2011 C protein and its homology with an exo-beta-1,3-
434 posa - 48 1o glucanase. Biosci Biotechnol Biochem. 2004,
A 68(3):685-93. doi: 10.1271/bbb.68.685
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2.2 BapTicTh NOKUBHUX cepeOBUIN AJIsl KYJIbTUBYBAHHA NPOIYLEHTIB
KiJIep-TOKCHHIB

Tabnuys 2.2
. Bapricts
KomnonenT . Hina
Konuentpauis KOMIIOHEHTA J:xepesio
IMpoayueHT MOKHBHOTO KOMIIOHEHTA, . -
y IIC, r/a (rpa) Ha 1 a1 iHdopmauii
cepeaoBHUINA TPH/KT
cepeIoBHINA
1 2 3 4 5 6
JpixmxoBuit 3r 1100 3,3 1
EKCTPAKT:
Cononosuit 3r 96 0,29 2
Torulasporg EKCTPaKT:
delbrueckii - Mepron: 5t 224 1,12 3
T'mroxo3a: 10r 10 0,1 4
Baprticts 1 a1 cepenoBuma — 4,81 rpu
JpixmkoBuii 10r 1100 11 1
Kluyveromyces | €KCTPaKT:
phaffii DBV | [lenrtosn: 10r 224 2,24 3
PG 6076 ['mroko3a: 50r 10 0,5 4
Bapricth 1 1 cepenoBuma — 13,74 rpu
o HpixmxoBuit 10 1100 11 1
P'Ch'éll EKCTPAaKT :
anomala e om - 20 224 4,48 3
Knimunu
NCYC 434 JHexctpo3sa : 20 55 11 5
BaprTictb 1 a1 cepenoBuma — 16,58 rpu

[Tpumitka. * — [linu HaBegeHO cTaHOM Ha TpaBeHb 2023 p.

1) https://kreon-d.com.ua/ua/p1086437845-ekstrakt-drozhzhej.html

2) https://prom.ua/ua/p1651632471-solodovyj-
ekstrakt.html?utm_source=google pmax&utm_medium=cpc&utm_content=pmax&utm_camp
aign=Pmax_cpa_war_produkty pitaniya&gqclid=CjwKCAjwvJyjBhApEiwAWz2nLaW5Th9D
S6XDhWXnuhPugEfFMJV8KkMY co6fB1k-nMDPhZP6dwqirdBoCPISQAVD BwE

3) https://shop.hlr.ua/pepton-fermentativnyy-pan-gis-12817.html

4) https://flagma.ua/pishchevaya-glyukoza-012672296.html

5) https://gurman-vn.biz/p976560191-agar-agar-
1200.htmI?source=merchant_center&utm_source=google&utm medium=cpc&utm_campaign
=19847412414&utm_content=&utm_term=&utm_position=&utm_device=c&utm_placement=
&utm_target=&gclid=CjwKCAjwvJy]BhApEIwWAWz2nLQ0416tPXL10CJyV03iow5P05s8tGT
jlyroi5v2hgd-NRX1uJvGB5xoCV2wQAvVD BwE
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https://prom.ua/ua/p1651632471-solodovyj-ekstrakt.html?utm_source=google_pmax&utm_medium=cpc&utm_content=pmax&utm_campaign=Pmax_cpa_war_produkty_pitaniya&gclid=CjwKCAjwvJyjBhApEiwAWz2nLaW5Tb9DS6XDhWXnuhPuqEfFMJV8kMYco6fB1k-nMDPhZP6dwqirdBoCPl8QAvD_BwE
https://prom.ua/ua/p1651632471-solodovyj-ekstrakt.html?utm_source=google_pmax&utm_medium=cpc&utm_content=pmax&utm_campaign=Pmax_cpa_war_produkty_pitaniya&gclid=CjwKCAjwvJyjBhApEiwAWz2nLaW5Tb9DS6XDhWXnuhPuqEfFMJV8kMYco6fB1k-nMDPhZP6dwqirdBoCPl8QAvD_BwE
https://prom.ua/ua/p1651632471-solodovyj-ekstrakt.html?utm_source=google_pmax&utm_medium=cpc&utm_content=pmax&utm_campaign=Pmax_cpa_war_produkty_pitaniya&gclid=CjwKCAjwvJyjBhApEiwAWz2nLaW5Tb9DS6XDhWXnuhPuqEfFMJV8kMYco6fB1k-nMDPhZP6dwqirdBoCPl8QAvD_BwE
https://prom.ua/ua/p1651632471-solodovyj-ekstrakt.html?utm_source=google_pmax&utm_medium=cpc&utm_content=pmax&utm_campaign=Pmax_cpa_war_produkty_pitaniya&gclid=CjwKCAjwvJyjBhApEiwAWz2nLaW5Tb9DS6XDhWXnuhPuqEfFMJV8kMYco6fB1k-nMDPhZP6dwqirdBoCPl8QAvD_BwE
https://shop.hlr.ua/pepton-fermentativnyy-pan-gis-12817.html
https://flagma.ua/pishchevaya-glyukoza-o12672296.html
https://gurman-vn.biz/p976560191-agar-agar-1200.html?source=merchant_center&utm_source=google&utm_medium=cpc&utm_campaign=19847412414&utm_content=&utm_term=&utm_position=&utm_device=c&utm_placement=&utm_target=&gclid=CjwKCAjwvJyjBhApEiwAWz2nLQ04I6tPXL10CJyVo3iow5P05s8tGTjIyroi5v2hgd-NRX1uJvGB5xoCV2wQAvD_BwE
https://gurman-vn.biz/p976560191-agar-agar-1200.html?source=merchant_center&utm_source=google&utm_medium=cpc&utm_campaign=19847412414&utm_content=&utm_term=&utm_position=&utm_device=c&utm_placement=&utm_target=&gclid=CjwKCAjwvJyjBhApEiwAWz2nLQ04I6tPXL10CJyVo3iow5P05s8tGTjIyroi5v2hgd-NRX1uJvGB5xoCV2wQAvD_BwE
https://gurman-vn.biz/p976560191-agar-agar-1200.html?source=merchant_center&utm_source=google&utm_medium=cpc&utm_campaign=19847412414&utm_content=&utm_term=&utm_position=&utm_device=c&utm_placement=&utm_target=&gclid=CjwKCAjwvJyjBhApEiwAWz2nLQ04I6tPXL10CJyVo3iow5P05s8tGTjIyroi5v2hgd-NRX1uJvGB5xoCV2wQAvD_BwE
https://gurman-vn.biz/p976560191-agar-agar-1200.html?source=merchant_center&utm_source=google&utm_medium=cpc&utm_campaign=19847412414&utm_content=&utm_term=&utm_position=&utm_device=c&utm_placement=&utm_target=&gclid=CjwKCAjwvJyjBhApEiwAWz2nLQ04I6tPXL10CJyVo3iow5P05s8tGTjIyroi5v2hgd-NRX1uJvGB5xoCV2wQAvD_BwE
https://gurman-vn.biz/p976560191-agar-agar-1200.html?source=merchant_center&utm_source=google&utm_medium=cpc&utm_campaign=19847412414&utm_content=&utm_term=&utm_position=&utm_device=c&utm_placement=&utm_target=&gclid=CjwKCAjwvJyjBhApEiwAWz2nLQ04I6tPXL10CJyVo3iow5P05s8tGTjIyroi5v2hgd-NRX1uJvGB5xoCV2wQAvD_BwE

YmoBHa BapTicTh 1 I KijIep-TOKCHHY

Tabauys 2.3

IIpoayuent Konunentpa- | TpuBagicts KinbkicTb Bapricts 1 1 YmoBHa
nis, r/7 KyabTusy- YTBOPeHHUX | cepegoBHMINA, | BapTicTh 1 T
BaHHS, I'0J Kinep — rpH/a HiJTb0BOT0
TOKCHHY 3a NPOAYKTY,
TOAMHY, I/TO1 TpH/T
1 2 3 4 5 6
Torulaspora 27 72 0.38 4,81 0,18
delbrueckii
Kluyveromyces phaffii 14,3 40 0,36 13,74 0,96
DBV PG 6076
Pichia anomala 6,4 48 0,13 16,58 2,59
Knimunu NCYC 434

Taxkum 4MHOM, Ha OCHOB1 aHaITI3y JaHWX, HaBeACHUX y Ta0md. 2.2 1 2.3, MOXXHA 3
BIIEBHEHICTIO cKasatu, mio Torulaspora delbrueckii € maiikpamum cepen HaBeIEHHX
[ITaMiB TOMY, Ta Ma€ HaWHW)XYY BapTiCTh TOKCHHY Ta OJHI 3 HaWKpaIIMX MOKa3HUKIB
CHUHTE3Y, IO JT03BOJIIE OOpaTH JaHWKA MIKpOOPTaHi3M IS MOMAIBIINX JOCHTIKCHb B

KypCOBiii poOOTI.

2.3. Mopdosoro-kyJbTypaJibHi Ta (izionoro-oioxiMiuni o3naxm Torulaspora

delbrueckii

Knituau Torulaspora delbrueckii 3aebinmbimoro marote Kyisacty dopmy (iHmma

Ha3Ba - TOPYJIa), X04a iHO/I1I MOXYTh OYTH EIINCOITHUMU abo stitenoaionumu (Puc. 2.4).

Puc. 2.4. Torulaspora delbrueckii mpu mixkpockonitoBansi [20].
Ix po3mipu cranoBaTh 2-6 % 3-7 MxM. Torulaspora pigxo yrsoproe ncesoripu i

HIKOJIM HE YTBOPIOE cripaBxHix Tid. Panime BBaxanocs, mo Torulaspora delbrueckii €
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rarioifHUMU IPLKKAMH Yepe3 IX HEBEJIMKHM pO3Mip KIIITHH 1 BIACYTHICTh 00 PIIAKICHY
HasBHICTh TETPaJ y CEPEIOBHINI cropoHomeHHs. [Ipore, HemomaBHI TOCIiHKCHHS
npuryckaroTh, 1mo 1. delbrueckii moxe Oytm mnepeBakHO MUIUIOITHUME —Ta
TOMOTAITYHUMHU ApixmkaMu. HeBenukuii po3mip kimituH Torulaspora Mo>kHA TOSICHUTH
TUM, 110 BOHU MaloTh Jidiie 16 XpoMOocoM Ha AUIUIOINHIN cTaili, Ha BIAMIHY Bijg 32
XpOMOCOM, IO € y AUIUIOTIHHUX JAPiXDKIB Saccharomyces cerevisiae [17].

Torulaspora delbrueckii Buporytots npu 24°C y cepenoBuili Ha ocHOBI YPD
(Ip1KIHKOBUM €KCTPAKT MENTOH-IEKCTPO3a), sike MICTUTh 1% APIKIKOBOTO €KCTPAKTy
(r/m), 1% Bacto peptone (TBapuHHUI epMEHTATUBHUI NIepeBap OLIKIB BEIUKOI pOraToi
Xyq00u Ta cBUHEM) (/1) 1 6% riroko3u (1/1), 3 1ogaBaHHIM abo 0e3 qoaBanHs 2% arapy
(r/m).

31aTHICTb IO CIIOPYJISIIIT IEPEBIPSUIN 3a TOTIOMOT0OI0 MIKPOCKOMIii yepe3 3 HI Npu
24°C Ha arieratHoMy cepenoBui (1% anerar kamito, 2% arap). T. delbrueckii 3a3Buuaii
YTBOPIOIOTHh ACKH 3 OJIHI€I0 YHIKAJIbHOIO aCKOCIIOPOIO, TOJI AK aCKU 3 JIBOMa-d40THpMa
CriopaMu 3ycTpivaroThes piire [18].

2.4. TakcoHOMiYHMH cTATYC 0i0JIOTIYHOIO areHra.

3a cyuacHa (dimoreHeTHuHOIO Kiacudikamieto Torulaspora delbrueckii nanexxuts
710:

Jlomen — Eukaryota;

Bimmin — Saccharomycotina;

Knac — Saccharomycetes;

[Mopsmok — Saccharomycetales;

PomuHa — Saccharomycetaceae;

Pig — Torulaspora;

Bun — delbrueckii [19].
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PO3/I1J1 3. TEXHIKO-EKOHOMIYHE OBIPYHTYBAHHSI
3.1 IloTpeda B wi1bOBOMY NPOAYKTI — KiJlJIEP-TOKCHH

Kimnep-Tokcuau - 11¢ OLIKOBI PEYOBUHH, K1 KIITHHA IPLKIKIB BUAUISIOTH JJISI
TOTO, 100 3aBIaBaTH INKOAW KOHKYypyroumM napixkmkam. Lllramu npixmkis, sKi
BUPOOJISIIOTh KULJIEP-TOKCHHH, MOXYTh BUPOOJIATH OANH a00 JEKUIbKA THUITIB TOKCHHIB,
CHEKTp Jii SKUX CHPSIMOBAaHUN HA 3HMILEHHS MATOI€HHUX MIKpoopraHi3miB. Takum
YUHOM, BOHU MAlOTh MOTEHINAl SK MPHUPOJIHI MPOTUMIKPOOHI 3ac00M B Xap4yOBUX
OPOAYKTaX 1 JJisi OI0JOTIYHOTO KOHTPOJIO POCIMHHUX TATOTEHIB, a TaKOX SK
TepaneBTUYHI 3aco0M MPOTH 1HQEKIIH TBapUH 1 JIOAUHHU. AJie OCOONHMBY yBary
OPUALUIAIOTE CaMe€ Yy BUHOPOOHIN MpOMHUCIOBOCTI. OCKUIBKM BHKOPHCTOBYIOTHCS Y
BUHOPOOCTB1 JUIsi KOHTPOJIIO HAaJl APDKIHKOBUMH TMOMYJSIISIMHM IMiJT Yac MpOIecy
oponinns [21].

AKTyanpHICTh BHKOPHUCTAHHSI KIJIEP-TOKCHHIB y BHHOpPOOCTBI MOJSATa€e B:
3a0€3MeUCHHsI SIKOCTI BUHA, KOHTPOJIIO COJIOJIKOCTI Ta apoMaTy, 3armo0iraHHi BUHHUM
XBOpoOam, 30UTbIIEHH] CTa0ITbHOCTI BUPOOHUIITBA, €(DEKTUBHOCTI Ta €KOHOMII Yacy Ta
pecypciB. Kinep-TokcMHH JgomoMararoTh KOHTPOJIIOBATH APKKOBI MOMYJIAIIl Ta
MIKPOOPTaHi3MH M1 Yac OpOAIHHS, 3a00Iral0uu POCTy LIKIAJIUBUX MIKPOOPraHi3MIB,
SKI MOXYTh BUKIMKATH BUHHI XBOPOOM Ta CHOPUYMHUTH IICYyBaHHS BUHA. BoHu
JOTIOMAararoTh  3a0e3nmeYuTH  CTa0UTbHUNA  BUPOOHMYMN  TpOLlEC  BHHOPOOCTBA,
3MEHIIIYIOYH PU3HK HeTlepe10aYeHUX HIUIACHTIB Ta BTpaTH MPOAyKIIii [22].

BuUHOPOOCTBO € BaXIMBOIO CKJIAJ0BOIO Taly33l0 CUIBCBKOIOCIOAApPCHKOTO
CEKTOpY, BIUIMBAIOYM HA €KOHOMIKY Ta KyJbTYpy KpaiH CBITY. Y Cy4acHMX yMOBax,

BUHOPOOCTBO cTa€e 00'€KTOM M1JIBUIIICHOTO 1HTEPECY.

HYXT BTEK 04.02.36 KP [13

M ApK. | Ne gokymenma ] Ilionuc | Jama

Po3pobHuk | laitiyyk A.P. Jlimepa| Apkyw |  Apxywis
KepigHuk KpaciHbko B.0. PO341/1 3. TEXHIKO- [ ] 21 8
H._KoHmp EKOHOMIYHE

RoHcyem OBI'PYHTYBAHHS Kagedpa 6TM
3a8. Kag. (mabHixos B.II.
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3a ocTaHHI POKH, CBITOBHI PUHOK BHHA JEMOHCTPY€E CTIMKHMA picT. 3riTHO 3 MPOTHO3AMHU
Ha 2023 pik, Horo oOcar omiHeTbes B 333 Mubsipau gosapis CIIA, a piuHuii Temmn

3pocTaHHs ckiagae 5,2%.

Y 2022 poui puHOK BUHA cATHYB 302 MUIbspIu, IpoTe mepeadadaeTbes, Mo 10
2028 poky 1 1mudpa 3pocre mo 423,59 mimesapais monapie CHIA. V cBorw uepry,
JUHAMIYHUN PO3BUTOK BUHOPOOHOI ramy3i CTUMYJIIO€ BIIPOBAKEHHSI HOBUX TEXHOJIOT1H
Ta 1HHOBAIIiH, 10 BKIIOYAIOTh B c€0€ BUKOPHUCTAHHS Cy4YaCHUX METOJIIB BUPOIIYyBaHHS
BUHOTPAJly, HOBI TEXHOJIOT1] BUPOOHUIITBA Ta METOIU 30epekeHHs poayKiii. OmHieT 3
TaKUX TEPCHEKTUBHUX TEXHOJOTIH € BHUKOPUCTAHHS KUIEP-TOKCHHIB  3aMICTh
TPAAMILINHUX XIMIYHUX 3acO0IB $IKI BUKOPHCTOBYIOTH JJIsI MPUTHIYEHHS HEOa)KaHO1
MIKpOOIOTH.

OTXe, BUKOPUCTaHHS KIJIEP-TOKCHHIB Y BUHOPOOCTB1 3aJIMIIAETHCS AKTyaJIbHUM
3aBISKM iXHbOMY IOTEHIIANy MOKPAUIUTH SKICTh BHHA, 3a0€3MEUYUTH 3aXUCT Bij
3aXBOPIOBaHb Ta BIANOBIJATH CYYaCHUM €KOJIOTIYHUM CTaHJapTaM. 3a TaKUX YMOB,
BUHOpPOOHA IPOMUCIIOBICTh cTae OJIHIEIO 3 KJIFOUOBUX CKJIQJIOBUX
CLIBCHKOTOCIIOAAPCHKOTO CEKTOPY, BIUTMBAIOYH Ha TJI00a/IbHY eKOHOMIKY [23].

3.2 Po3paxyHOK TeOpeTHYHO MOKJIMBOIO PiBHsA Oiomacu.

OCKUIBKM Yy HasiBHIM HAyKOBO-TEXHIYHIA JITepaTypi BIJCYTHI JaHI CTOCOBHO
HaKOMWYEHHsI OloMacu JPIKIKIB — MPOAYIEHTIB KUIEP-TOKCHHIB, ISl TOJATBIINX
PO3paxyHKIB ITOTY>KHOCTI BUPOOHMIITBA HAM HEOOX1/THO po3paxyBaTu 010Macy APiKIXKIB.

VY NoXUBHOMY CEpEAOBHUIII JKEpeIaMH a30Ty BUCTYIA€E MENTOH Ta APIKIKOBUI
excTpakT. BMmict azory B 6iomaci ctanoButh 10-14 % Bing cyxoi macu pedoBuH. 11100
BU3HAYUTH PIBEHb 010MAacCH, SIKOTO MOXXHA JOCSTTH IiJl 4ac BUPOUIYBaHHS TpuOiB Ha
CEpeoBHUIIll 3 5 T/ CEYOBHMHU Ta 3 T/1 JPIKIKOBOTO EKCTPaKTy, Tpeba croyaTKy
pO3paxyBaTH, SIKy KIJIbKICTh aMiHHOTO 30Ty MICTSITh 11l PEYOBUHHU.

KinbKicTh aMIHHOTO 30Ty B TIEMTOHI MOKE BapitOBATUCS 3aJI€KHO Bij pKepena 1

METO/I1B 1Or0 BUPOOHUIITBA. 3a3BUYAI MENITOHU MICTATh 0113bK0 13% amMiHHOTO a30Ty.
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TakuM yuHOM, BMICT aMIHHOTO a30Ty Yy 5 r nentoHy nopiHioe (5 ¢ 13) /100 = 0,65
r Hitporeny.

JIpi>KIKOBUIM €KCTPAKT TAaKOXK € JXKepesioM a3oTy. TakuMm opraniyauM Hitporenom
€ amigHuil Hitporen i1 yactkoBo OinkoBuii. KoHlleHTpalist JOCTYIHOTO IS APIAKIKIB
opraniydHoro Hitporeny (3a eixemenToMm N) y IpiKIKOBOMY €KCTPaKTI CTAHOBUTH 8 %
BiJl 3araJIbHOT0 BMICTY CYyX01 p€YOBHHO B €KCTPAKTI. ¥ CBOIO UEPTy IPIKIKOBI EKCTPAKTH
MiCTATh 01u3bK0 40% Cyx0i peuoBUHH, SKa BKJIIOYAE OUIKHM Ta 1HII OpraHiyHi CIIOTYKH
[8].

JI71st moYaTKy po3paxyeMo KIJIbKICTh CYXOi pEYOBUHU Y JIPIKIKOBOMY €KCTPAKTI,
1o ctaHoBUTh (3 *40)/ 100 =1,2 r. Toai kiIbKicTh OpraniyHoro HiTporeHy cTaHOBUTH
(1,28)/100=0,1r.

3aranpauit BMicT Hitporeny cranoButh 0,65 + 0,1 = 0,75 r. Po3paxyemo, siky
KUIBKICTh 010Macu MOXJIMBO OTpUMATH, SIKIO BMICT a3oty — 10 %, toxi ( 0,75/ 0,1 ) =
7,5 /1.

Otxe, 3 0,75 r a30Ty MOXXHa ojepkatu 7,5 /1 GiomacH, 10 1 IpPUIAMaeEMO s
MOJAJIBIIUX PO3PaxXyHKIB.

3.3. Po3paxyHOK NOTYKHOCTIi BUPOOHMIITBA.

CnoxuBaui Bce OUIBIIE IIHYIOTh €KOJOTIYHO BUPOOJICHI TPOIYKTH, BKIIOUYAIOUN
BUHO. [ 100aibHe HA/UIUIIIOK BWHA MPHU3BOAUTH IO 30CEPEKEHHS YBaru Ha 3HMKCHHI
BUTpAT JUIsl JOCSTHEHHS KOHKYPEHTHHX I€peBar €KOJIOTIYHO CepTHU(IKOBAaHUX BUH.
BukopucrtanHs KuIep-TOKCHUHIB IS KOHTPOJIO 3a XBOpPOOaMHU MOXKE JIOMIOMOTTH
BUPOOHMKAM BHHA BIPOBAKYBAaTH €KOHOMIYHO BHUTIJHI Ta €KOJIOT1TYHO YMCTI METOIU
BUPOOHMIITBA, ¥ 3J0BUIBHUTH MMOTPEOU CIIOKUBAYIB.

Ha cboronHimHii 1eHb B YKpaiHi JOCTaTHbO MaJI0 BUPOOHHUKIB, SIKI BUPOOJISIOTH
€KOJIOT1YHO YucTe BUHO, o7He 3 sikux 11e TOB «CepueBunay, 1o Oyia oopana namu. Ha
cBoiii BuHOpOoOHI «ASKANO VALLEY» y sKkiii BUpOOJNSETHCS JIMITOBaHA Cepis
npeMiagbHUX BUTpUMAHUX KpadToBUX BUH. BUHOPOOHS Mae BiIacH1 BUHOTPAIHUKH, 1110

pO3TallIoBaHl B €KOJOTIYHO 4uCTid 30HI. I[IpoBoauThes pyuHuil 36ip, copTyBaHHS Ta
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YVHIKaJIbHa TEXHOJIOT1S IEPBUHHOTO BUHOPOOCTBA 3 BUTPUMKOIO Y 604Ili 3 GpaHITy3bKOTO
nyOy HEe MEHIIIE IIECTH MICSAIIIB.

Mu BupimmiIM MocTavyaTd BUHHI APDKKI IHIIUM BHUPOOHHMKAM BUHA SIKI TICHO
CHIBIIPAITIOIOTH 3 OOPaHUM I APUEMCTBOM, II€ MA€ CTPATETIYHE 3HAYCHHS B KOHTEKCTI
30UIBIIICHHS 0OCATIB BUPOOHMIITBA BUHHUX JIPIXK/DKIB Ta PO3BUTKY II€T Tramy3i. A Takox
JUTsl opraHizamii Ha iX 0a31 BUPOOHUIITBA 1 MOCTAa4YaHHS BUHHHUX JPIXKIKIB, 3TaTHUX
poJIyKyBaTH Kinep-TokcuH. [linnpuemcra BupoOssitoTh 10 180 000 msmok mo 0,75 i
Ha piK, mo ctaHoBUTh 135 000 11 BMHA Ha piK. 3T1IHO JITEPATYPHUX JHKEPET 3 OJTHOTO
miTpa cycna Buxoautsb 0,75 11 roroBoro BuHa. Po3paxyemo 3aranbHui HEOOX1THHUIM 00’ €M
cycna:

135000 /0,75 = 180 000 i cycna

3a 3HaitneHoro iHdopMmarriero [9] Ha 1 1 cycna motpi6HOo moaatu 0,4 © ApixkKiB. 3

L[OTO MOTPIOHO pO3paxyBaTH HEOOX1IHY KUIbKICTh Ap1KIKIB HA 40 000 i1 cycina:
180 000 « 0,4 = 72 000 r apixkIKIB
3 OAHOTO JITPY KyJIbTYpPalIbHOI PIIMHU MU OTPUMYEMO 7,5 1/1 (Kr/M3) OpiskIKiB.

OTxe, po3paxyemMo HeOOXiHY KITbKICTh KyJIbTYpalbHOI pinuHu s oTpuManus 72 000

' IPIKJIKIB:
75kr=1m X=96mM
72 xr =X M®

3 ypaxyBaHHSIM BTpAT IILOBOTO MPOAYKTY npu BuiauieHH! (15%), HeoOXiaHO
OTpUMATH TaKy KIJIbKICTh KyJbTYPaJbHOI PIAMHHU:
Vip=9,6-1,15 =11 m®
3.4. Po3paxyHOK reoMeTpU4HOIro 00’°emy (pepMeHTEpa
Jlns 3abe3mneueHHss piuHOI MOTPeOM y KUIepHHX Ipikmkax (3rigHo m. 3.3)
NOTPiOHO OTpUMATH (3 ypaxyBaHHSAM BTPaT Iij yac BumineHns) 13,5 M3 kynbTypanbHoi
pinuHu. Po3paxyemo, CKUTBKM KyJIbTYypaldbHOI PIAMHM MOTPIOHO OTpPUMATH 3a ITUKII

dbepMeHTallii, mood po3paxyBaTH KUIBKICTh CTail MPUTOTYBaHHS MTOCIBHOTO MaTepiay.
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[TpuitmaeMo KiIbKiCTh TpyMOAHIB — 117, Tomi 00’eM KyabTypaiabHOI piIuHU 3a 100y
CTaHOBUTH:
Va=Vrn/Trp=4,5/117 =0,115 M3
KinpkicTh MPOayKTY 3a HUKI OyZie CTAHOBUTH:
Vik = (Ki* V*Tyg) /24 = (1,3 % 0,115 * 81 ) /24 = 0,5 M®/uuxu,

ne Ty — nuka pobotu QepmeHrtepa, KU BKIIOYAE TPUBAIICTh BUPOOHUYOTO
6iocunTe3y (72 roa) Ta yac miaAroToBKH depmentepa a0 podotu (9 rox).

K1 — koeditienT 3amnacy, 1o BpaxoBye MOXKJIMBICTh HecTepmiibHUX oneparliit (K1
=1,1-1)5).

[linroroBka depmMeHTepa BKIOYAE: MUTTA Ta orisn (2 rom), mepeBipka Ha
repmeTuyHicTh (1 rox), miairpi anapaty (0,5 roxa), ctepunizaiis (1 rox), 0X0JI0IKEHHS
(1 ronm), 3aBaHTaxkeHHs cepenoBuma (2 rox), 3aciB (0,5 rox), BUBaHTaKEHHSA
KyJbTypanbHOi pigunu (1 ron).

KinbKiCTh ITUKIIIB CTAHOBUT:

N = Vip/ Vix = 13,5/ 0,5 = 27 nukmis.

BuznaunBimm 06’em KP 3a onudH 1ukia 1 3Harouu koedilieHT 3anoBHEeHHS K3,

BU3HAYA€EMO F€OMETPUYHUN 00’ eM pepmeHTepa:
Vr=Vuk/Kz3=0,5/0,6=0,83 m°.

3riaHo 3 TabJIMIICI0, HAUOIMKYUM 3a TEOMETPUUYHUM 00’ eMOM € hepmenTep Vi =
Im°.

YTouHt0EMO KOC(hIIIEHT 3aIIOBHEHHS:

K3=0,5/1=0,5 - He nepeBulrye 3a7aHe 3HaAYCHHS.
1.5 Po3paxyHOK KUJIBKOCTI CTaaiil MiATOTOBKH MOCIBHOTO Marepiany Hjsi 010CHHTE3Y
TPIKIKIB

3a 01MH BUPOOHMYMI LUK OTPUMYIOTE 0,5 M3 KyInbTypanbHoi piauau (aus. m.1.4).
[Ipu onmeprkaHHI KyNbTYpaldbHOI PITWHU TOTPIOHO BpaxyBaTH ii BTpAaTH B pe3yibTaTi
KpaIIeBUHOCY Yepe3 KOJEKTOp BianpaiboBaHoro nositps (Ee), ki craHoBisaTs Big 10 -

15%.
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Otxe, 3 ypaxyBaHHsIM NMOKpUTTS 10% BTpaT 00’€M MOKMBHOIO CEPENOBHILA Ta

MIOCIBHOT'O MaTepiaiy rnepes BApOOHUYHUM 010CHHTE30M Ma€ CTAaHOBUTH:
Vros.1 = Vipx(1+Eg) = 0,5 x 1,1 = 0,55 M3

ne Ee - BTpaT KyJabTypalIbHOT PIIMHY i Yac 610CHHTE3Y.

OTmxe, po6ounii 06’ eM epmentepa gopisrioe 0,55 m>. 3a BuGpanoro koedimienTa
3anoBHeHHS 0,6 reomeTpudHUN 00’ €M (pepMeHTEpa CTAHOBUTD:

Vo =10,55/0,6=0,92 m®

[IpuiiMaeMo HaWONIMKuMil 32 06’eMoM craHmapTHHil (epmentep Verp = 1 M3,
[licnst 4Oro yTOUHIOEMO KOE(PIIEHT 3aITIOBHEHHS:

K, =0,55/1=0,55

YTouHeHul KOePIIIEHT 3allOBHEHHSI HE IMEPEBUIINY€E 3aJaHOTO 3HAYCHHS Ta
nepedyBae y BUOpaHuX Mexax i aepooHux mpoiiecis (0,5-0,65), oTxke reoMeTpuuHUMA
00’em depmeHTeEpa 00paHO TPABUIIBHO.

KinbkicTe mociBHOro marepiany st gpepmentepa craHoBUTh 10% Bim 00’emy
HOKUBHOTO cepenopuima. Omxke, 1 3aciBy Vpop: = 0,55 M3 cepenosuma HeoOXiqHO
MIPUTOTYBaTH:

Vit = Vpos X Xo = 0,55 x 0,1 = 0,055 m® mocisHoro marepiany,
ne Xo = 0,1 — no3a nociBHOTO MaTepiany st epMeHTepa.

Toni 06’eM MOKUBHOTO cepeioBula B (hepMeHTepl Oyie CTAHOBUTH:

Ve = Vrosa - Vit = 0,55 -0,055=0,495 = 0,5 M

Bpaxyemo, mo iz uac oxepsxkanns 0,055 m® iHokysaty B mociBHOMy anapati 10%
KyJIbTYpaldbHOI pPiAMHM OyJe BTPAYeHO BHACHIIJOK KPAIJIEBUHOCY YE€pe3 KOJIEKTOP
BIJIMPAIlbOBAHOTO TOBITPS. 3 ypaxyBaHHSAM IIbOTO 00’€M IMOXXHUBHOTO CEPEIOBHINA Ta
MOCIBHOT'O Martepiaity B IOCIBHOMY arnapari CTAHOBUTHUME:

Vros2 = Vv X (1 + Eq)) =0,055x 1,1 =0,06 M

06’em inokynary 0,06 m® 3a xoedinicHra 3anoBHeHHS 0,6 MOXKHA OTPHMATH B
MOCIBHOMY anapari 00’ eMoM:

Va2 = 0,06/ 0,6 =0,1 m®

[IpuitMacMo HAHOIMKYKIA 32 00’ €MOM CTaHAAPTHUH 1HOKYIATOp Verr = 0,1 M3,
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YTouHIOEMO KOC(IITIEHT 3aITOBHECHHS
K, =0,06/0,1=0,6

YTouHeHMd KOe(DIIIEHT 3alOBHEHHS HE TEPEBUINYE 3aJaHOTO 3HAYCHHS Ta
nepebyBae y BUOpaHuX Mexax s aepoOHux mporieciB (0,5-0,65), oTxke reoMeTpudHun
00’eM (pepmeHTEepa 00paHO MPABUIHHO.

KinpkicTh MOCIiBHOTO Matepiaiy Jid MOCIBHOrO amaparta ctaHoBuTh 10% Bin
00’eMy mnouBHOro cepenopumna. Otxke, s 3aciBy Vposo = 0,06 M3 HeobximHO
MPUTOTYBaTH:

Vi = Veosa X Xo = 0,06 x 0,1 = 0,006 m® mocisaoro marepiainy,
ne Xix = 0,1 — mo3a mociBHOTO MaTepiary sl IHOKYJISATOpA.

Toni 06’eM MOKUBHOTO CEPEIOBUIIA B TOCIBHOMY araparti 0y/1e CTAaHOBUTH:

V2 = Veos2 - Vime = 0,06 — 0,006 = 0,054 M

Bpaxyemo, mo mig yac ozepxkanHs 0,006 m® (6 1) mociBHOro marepiany B
iHOKysATOp1 10 % KynbTypanbHOi piiMHM OyJ€ BTPay€HO BHACIIJOK KpPAILUIEBUHOCY
gyepe3 KOJEKTOP BIAIpaIboBaHOrO MOBITPs. Toai 00’€éM MOXHMBHOTO CEpPEIOBHINA Ta
MOCIBHOTO Martepiaity B IOCIBHOMY arnapari CTAaHOBUTHUME:

Vross = Vv X (1 +Eg) = 0,006 x 1,1 = 0,0066 M
06’em inokymary 0,0066 m® (6,6 1) 3a xoediuicara 3amoBHeHHs 0,6 MOXHA
OTPUMATH B MTOCIBHOMY anapari 00’ eMoM:
Va3 = 0,0066 /0,6 = 0,011 m®
[IpuiiMacMo HAHOIMKYMI 32 00’ €MOM CTaHAAPTHUM 1HOKYIATOp Ve = 0,01 M3,
YTouHt0EMO KOE(IIIEHT 3alIOBHEHHS:
K,; =0,0066 / 0,01 = 0,66

YTouHeHHI KOe(illeHT 3aloOBHEHHs IepedyBae MPUOIM3HO Yy BCTAHOBJIEHUX
Mexax s aepoonux mnpoueciB (0,5-0,65), omke reoMeTpudHHII 00’€M TOCIBHOTO
amapatry oOpaHO MPaBUILHO.

KinbkicTe mociBHOro marepiany crtaHoBUTh 10% Big 00’€My MOKHBHOIO
cepenoBuina. J[Js 3aciBy iHOKYIsTOpa HEOOX1THO MIATOTYBaTH

Vims = Vposs X Xin = 6,6 X 0,1 = 0,66 n
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ne Xiz = 0,1 — mo3a mociBHOTO MaTepialy IJis IHOKYJISITOpa.
Toni 00eM MOKKUBHOTO CEPEAOBUIIA B IIOCIBHOMY arapati Oyjie CTAaHOBHUTH:
Vies = Vross - Vimz = 6,6 — 0,66 = 5,94 n

OpneprxanHs ociBHOTO Matepiaiy Vivs = 0,66 11 (660 mi1) 17151 3aCiBY IHOKYJISITOpA
MOHA 3JIMCHUTH KYyJIbTUBYBAHHSM JAPDK/DKIB y Kojd0ax Ha Kadammi. JIJist 11s0r0
BUKOPHCTOBYIOTh Ka4aJIOUH1 KOJI01 00’ eMOM Vo = 0,75 113 KoedimieHTOM 3aTTIOBHEHHS
Ksk = 0,2.

Toni KIMBbKICTh KOJIO CTAHOBUT:

Nkoss = Vivs/( Vkons X Ksk) = 0,66 /(0,75 * 0,2) = 5 xon6

OTxe, 3a pe3yJabTaTaMU PO3PAXyHKIB Il O10CHHTE3y HEOOXITHOT KITBKOCTI

Oiomacu apixkmkiB Torulaspora delbrueckii HeoOximHO BCTaHOBUTH (epMeHTEp IS

3

oiocunTesy 06’emom 1 M3, inokymstopu 06’emom 0,1 m® ta 0,01 M3, a Takox 5

KayaJIOYHUX KOJIO.
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PO3J1J1 4. BIOCUHTE3 HIJIBOBOTI'O MIPOAYKTY
4.1 lllnsixu katadoJaizMmy poctoBoro cyocrpary y Torulaspora delbrueckii
Jlxepenom kapOOHY Ta eHeprii mpu BupoinyBanHi Torulaspora delbrueckii e
rimoko3a [13]. Onuparoynch Ha CTATTIO Ta BUKOPHCTOBYIOYH SIK OCHOBY JUISI CTBOPEHHS
KaTa0OJMIYHOTO HUIAXY TJIIOKO3M KaTaOoni3M IykpiB — riikomi3 (uwisix EmOpena-
Meeproda-Ilapnaca), mo npeacraBienuii y Kyoto Encyclopedia of Genes and
Genomes, HABOAMMO CXEMY TEPETBOPEHHS TIIIOKO3H (puc 4.1).

['moko3a 3a yuactio Tmiroko3ocnernudicaoro ¢epmenty (KD  2.7.1.69)
MEPETBOPIOETHCS HA TIIIOKO3Yy 6-pocdar, ne ocraHHa 3a Ail TIOK030-6-pocdar
13omepazu  (K®  5.3.1.9) mneperBoproethcs Ha  B-D-dpykrosy  6-ocdar.
dochodpykrokinaza (rmokokiHaza) (KD 2.7.1.11) aktuBye mneperBopeHHs [-D-
bpykro3u  6-pocpar 'y B-D-ppykrozy 1,6-pochar. DepmenratuBHa  Ais
dbpyxrozoaudocdar anpaonazu (KO 4.1.2.13) na B-D-dpyxrosy 1,6-pocdar 3ymoniroe
nepeTBOPEHHs ii Ha Tiinepanbaeria 3-gocdar ta miokciametondocdar, KU i J1€0
Tpiozodocdatizomepazu (KD 5.3.1.1) nepeTBoproeTbes Ha Tiinepanbaeriy 3-gocdar .
Jlo mojanbiioro kataboi3My TIIIOKO3U 3aIydaeThes Tiinepanbaeria 3-docdar , mia
niero rmnepanpaeriidocdarnerigporenazn (K@ 1.2.1.12) BiH mnepeTBOPOEThCA Ha
rimepat 1,3-bocdar, mo y cBoro yepry min giero pocdormineparkinazu (KO 2.7.2.3)
nepexoauTh y riinepat 3-docdar. Hdis docdormineparmyrazu (KO 5.4.2.12) na
riinepar 3-gocdar iHAYKYE Moro mepeTBopeHHs Ha riiuepar 2-docdart. Ilig miero
eHonazu (K@ 4.2.1.11) rmunepar 2-docdar mnepexoauts y Hochoenonmipysar.
KinmeBoro cragiero mepeTBOPEHHS € yTBOPEHHS MipyBaTy 3 (ochOCHOIIpyBaTy i

niero nipyBaTkiHazu (KO 2.7.1.40).

HYXT BTEK 04.02.36 KP [13

M Apk. | Ne dokymenma ] [lionuc | Jama

Po3pobHuk | lagiliyyk A.P. Jlimepal Apkyw | Apkywis
KepisHUK Kpacinbko B.0. [ | 29 8
T, PO3/I/1 4. BIOCMHTE3

Rocy/bm UI/IbOBOr O MPOAYKTY Kagedpa 5TM
3a8. Kag. (mabHixos B.II.
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D-riroko3a
1
a-D-rmoxo3a 6-docdar

2

B- D-dbpykTo3a 6-ocdar
3

B-D-dpyxro3y 1,6-pocdar
N 5

['minepanpaerin 3-dhochar < miokcianerondocdar
7 6
I'minepar 1,3-dbochar
|
['minepar 3-pocdar
9
['minepar 2-pocdar
o]
docdoenonmipysar
11
[TipyBar
Puc 4.1. Karabomnizm riroko3u. nsx EmOnena-Meeitproda-Ilapaaca
®epmentn: 1 — rmoko3ocnenudiuyauit pepment (KO 2.7.1.69); 2 — raoko30-6-
docdar i3omepaza (KD 5.3.1.9); 3 — dochodpykrokinaza (rmoxokinaza) (KD 2.7.1.11);
4 — dppykrozoaudocdar anpnonaza (KO 4.1.2.13); 5 — tpiozodocdarizomepaszu (KD
5.3.1.1); 6 — Tpiozodocdarizomepaza (KD 5.3.1.1 ), 7 —
riminepansaerindocdarneriaporenaza (KO 1.2.1.12); 8 —docdormneparkinaza (KD
2.7.2.3); 9 — docdormineparmyraza (KO 5.4.2.12); 10 — enonaza (KD 4.2.1.11); 11 —
nipyBatkinaza (KO 2.7.1.40).
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4.2 Biorpancdopmaniss pocToBOro cyocTpary y HijibOBHH NPOAYKTY

I[Tig gac pocty Torulaspora delbrueckii 3 BukopucTaHHSIM TIIIOKO3U 5K JKepesa
BYTJICIIIO, B HACIIIJIOK KaTaboJ113My BYTJIEBO/IIB, YTBOPIOEThCS anleTuiI-KoA. Jlani areTun-
KoA 3aiyuaerbes 1o nukiy TpukapoonoBux kuciioT (L[TK).

JpiKmKOB1 KUIJIEP-TOKCUHU — I1€ O1JTKOB1 TOKCHHH, SIK1 4acTO TJIIKO3WJIbOBaHI Ta
3B’A3YIOThCS 31 CHeNM(IYHUMHU PELEeNnTOpaMyd Ha MOBEPXHI MIKPOOPTaHI3MY-MillIeHi.
Bonu BUpOOISIOTECS IEBHUMH IITAMaMH APDKKIB 1 BOUBAIOTH 1HIIUX MIKPOOPTaHi3MiB,
[0 HE MAlOTh 37aTHOCTI BUPOOJSTH Il TOKCUHU. ['€HH, IO KOIYIOTh TOKCHH-KIJIEp,
MOXYTh OyTH JIOKaJIi30BaHi ab0 B siapi, a00 HA HMUTOIUIA3MAaTUYHUX JBOJAHIFOTOBHUX
mosiekynax JIHK a6o PHK BipycHoro mnoxomkenHsa. JpiKIKOBI KiJUIEp-TOKCUHU
CKJIQJIAI0ThCA 3 JBOX KOMIIOHEHTIB: O-TIenTUAy 1 B-nentuay. Anbda-nentus 3ade3neuye
cnenu(iuHy aKTHBHICTh TOKCHHY, TOAl AK OeTa-nenTuj JOIOoMara€ TPaHCHOpPTYBaTH
anbga-nenTu/I 10 KIITHH, 1110 MatoTh OyTu BOUTI. ba3zytounce Ha po3misiHyTii iHGopMalii
KUJIEp-TOKCHUHHU 11 OUTOKH, JI0 CKJIaTy SKHX BXOAATh 20 aMiHOKHUCIOT [3].

AMIHOKHUCJIOTH acmapTaTHOI POJAWHU (acmapTaT, acmapariH, METIOHIH, TPEOHIH,
130JICHIIMH) YTBOPIOIOTHCS 3 OKcayioalerary, ssikui € inrepmesiarom L[TK.

AMIHOKHMCJIOTH TJIyTaMaTHOI poAuHU (TJyTamaT, TJIyTamiH, HpPOJIiH, apriHiH)
YTBOPIOIOTHCA 3 2-0kcoriyTapary (intepmeniary L[ TK).

AMIHOKHMCJIOTH TIPYBAaTHOI POJMHU (CEpHH, TUILMH, UUCTUIH ) YTBOPIOIOTHCS 3
¢docdormiuepaty Ta (anaHiH, BaJliH, JEHIUH) YTBOPIOIOTHCS 3 MIPYyBaTy.

AMIHOKHMCJIOTH apOMaTU4HOI poAauHu (TiCTUAWH, ¢eHITaNaHiH, TUPO3HH,
TpunTodaH) YTBOPIOIOTHCS 13 epuTpo3o-4-pocdar. Hamani y cxemi OGilocuHTE3y MU
JETANBHO PO3TIITHEMO CaMe ITI0 POJIMHY apOMAaTUYHUX aMiHOKHCIIOT.

AHAIUIEPOTUYHUMHU ~ PEAKIIAMH, sKI 3a0e3MeuyioTh TIOTIOBHEHHS  BTpAT
intepmeniatie  LUITK mnpu  pocti Ha TIIIOKO31 € peakilii: KapOOKCUIIIOBaHHS
dbocdoeHonmipyBaTy 3  YTBOPEHHSM  OKcamoarneraty (mig jgiero  ¢depmeHTa
dbochoenonmipyBarkapobokcunazu (KO 4.1.1.31)), kapOokcuitoBaHHsS TMipyBary 3

YTBOpEHHSIM okcanoarneraty (¢pepmentom mipyBatkapbokcmnaza (KO 6.4.1.1)) Ta
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KapOOKCHUITIOBaHHS MIpyBaTy 3 YTBOPEHHSIM Majiary ((hepMEeHTOM MallaTAeriaporeHasa
nekapookcumoBaibHa (KD (1.1.1.40)).

['miokoHeoreHe3 BIACYTHIA OCKUIBKM — PICT JAPDKIKIB — BiAOyBaeThCs HA
BYTJIEBOJTHOMY CYOCTpaTi.

3-docdorminiepar € monepeIHUKOM CEpUHY, TIIUMHY 1 Iucreiny. IlipyBat —
MOTIEPETHUK aJlaHiHy, BaliHy 1 Jednuny. [lipyBat yrBoproetbes 3 pochoenonmipysary
3a joroMororo nipyBartkinazu (K® 2.7.1.40).

['moko030-6-ocar 3amydaerbess 0 MEeHTO30(OChHATHOTO IMHUKIY, B SKOMY
YTBOPIOIOTHCS MOMEPETHUKNA apOMATUYHUX aMIHOKHUCIOT — (pocdopubdosmnmipodocdar
(momepegHUK  TICTHAMHY) 1  eputpo3o-4-docdar. Eputpozo-4-pochar 1
(docdoeHnoIpyBaT — MONEPEIHUKN (PEHITANAHIHY, TAPO3UHY 1 TPUOTO(aHY.

Hanani eputpo3o-4-pocdar 3a yuacTio ne3okcu-7/-hpochorentyioHaTCUHTA3U
(K® 2.5.1.54 ), nenradynkuioHaisHoro mnominentuny AROM (K® 4.2.34) Ta
xopuszmarcuHTazu (K@ 4.2.3.5 ) nepeTBOprOETHCSA HA XOPU3MAT 3 SIKOTO 32 JI0IIOMOTOIO
xopizmap mytazu (KO 5.4.99.5 ) yrBoproerbes mpedeHar, Mo € momnepeaHukoM L-
Tupo3uHy Ta L-¢deninananiny. Tak mig gieto pedenarnperigparazu (KO 4.2.1.51)
npedeHaT TNEpEeTBOPIOEThCS Ha (DEHUINIpYBaT, SKUAWA 3a JOMOMOIOK (epMeHTy
rictuauHon-pocharaminorpancepazu (KO 2.6.1.9) nepeTBOproeThest Ha  L-
¢peninananin. Takox npedeHat nmeperBoproeThes Ha 3-(4-riAPOKCU(EHL)MipyBaT TMif
niero npedenataeriaporeHazu (NADP+) (KD 1.3.1.13) micns Toro amidoTpaHcdepasa
apoMmatuuHux aminokucnot II (KD 2.6.1.58) neperBoproe oTpumaHy crnoiayky Ha L-
THPO3HH.

YTBOpeHuil paniimie XxapusMmart mija i€l komrnoneHnrta | antpaninarcunrazu (KO
4.1.3.27), anTpanuiatdochopudozunTpanchepasu (Ko 2.4.2.18),
dhochopubozunantpaninarizomepazu (KO 5.3.1.24), ingon-3-raiuepondocdarcunrazu
(K® 4.1.3.27) ta tpuntodancuntazu (KD 4.2.1.20 ) neperBoproeThest Ha L-Tpunrodan.

OcTaHHsI aMIHOKHCIIOTa apOMAaTUYHOI POJAMHMU - L-TICTHIIMH yTBOPIOETHCH 13
nonepeanuka L-rictuainany. L-rictuainan yTtBoproetbes 3 D-pubo3a-5-gocdar min

niero  depmentiB:  pubo3o-pocdar-mpodochokinaza (KD  2.7.6.1), ATD-
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dbochopudozuntpanchepaza (KO 2.4.2.17), ricruauronaerigporenaza (KO 3.6.1.31),
rictuauHoiaeriaporenaza (K® 3.6.1.31), ¢pocdhopudozundopmiMiHO-5-aMiHOIMITA30T
kapOokcamin pubotua i3omepasza (KD 5.3.1.16), mimazonrminepondocdarcuartaza (KD
4.3.2.10), imimazonerminepun-pocharaerinpataza (KO 4.2.1.19), ictuaunOI-
dbocharaminorpanchepasza (KO 2.6.1.9), ricruaunoin-dpocdarasa (cimeiicteo PHP) (KD
3.1.3.15) ta ricrumgunonnerigporerasa (K® 3.6.1.31). Ilicns doro L-rictuaiHam 3a
nornomororo ¢epmenta ricruaunosaeriaporenasu (K® 3.6.1.31) neperBoproeThes Ha L-
ricTHAMH.

Jam yci 20 cMHTe30BaHMX aMIHOKHCIIOT IiJ €0 YHIBEPCAIBHOIO (PEPMEHTY
Amvunoanun-TPHK cuntetazu (K® 6.1.1.) neperBoprotothcsi Ha Ilpe-npoTein sikuii B
cBOo0 yepry 3aBusiku (depmenty AJ[D-pubosmnrpanchepaza (KO 2.4.2.31.)

nepeTBoproeThca Ha Kisiep-ToKcHH
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YMOBHI mo3HaueHH: 1) < OCHOBHUH HUIAX OlOCHHTE3Y; 2) €----------~- aHaTUIEPOTHYHI

peaxiii.

DepMeHTH: 1 — rinokozocnenudiunmii hepment (KD 2.7.1.69); 2 — rmroko30-6-docdar isomepaza (KD
5.3.1.9); 3 — pochodpykTokinaza (rimokokinaza) (KD 2.7.1.11); 4 — dpykrozoaudocdar anpaonaza (KD
4.1.2.13); 5 — tpio3odocdarizomepazu (K® 5.3.1.1); 6 — tpiozodocharizomepasa (KD 5.3.1.1); 7 —
rmnepanpaeriapocdaraerigporenaza (K® 1.2.1.12); 8 —dochormineparkinaza (Kd 2.7.2.3); 9 —
dbocdormineparmyraza (KO 5.4.2.12); 10 — enonaza (KD 4.2.1.11); 11 — mipyBatkinaza (KD 2.7.1.40); 12
— mipyBar-gerigporenaza (Kd® 1.2.7.1); 13 — murpatr AT® (mpo-S)-miaza (KO 2.3.3.8); 14 —
axonitatrigparasza (K® 4.2.1.3); 15 — isouutpataerinporenaza (HAl+) (KD 1.1.1.41); 16 — kommnoHeHr 2-
okcormytapataerigporenazu E1 (K 1.2.4.2); 17 - i3ouutparnerigporenaza (Kd 1.1.1.42 ); 18 -
i3onuTparaeriaporenasa (K® 1.1.1.42 ); 19 — kommoneHT 2-okcorinyrapataerigporenasu E1 (KD 1.2.4.2);
20 koMmoHeHT 2-okcoriyrapataerigporenasm El (K@ 1.2.4.2); 21 — KOMIOHEHT 2-
okcorayrapataerigporenasu E2 (K® 2.3.1.61); 22 — anbda-cybonuanns cykiuuHin-KoA cunarerasu (KO
6.2.1.4); 33 — cykuunHaraerigporeHasa (yOixiHoH) 3amizocipuana cyoomuuuns (K@ 1.3.5.1); 24 —
dbymapatrinparaza, kinac I (KO 4.2.1.2); 25 — manatnerigporenaza (K® 1.1.1.37); 26 — riroko30-6-
docharizomepaza (KD 5.3.1.9); 27 — rmoko30-6-pochar 1-gerigporenaza (KD 1.1.1.48); 28 — 6-
dochormokononakronaza (K@ 3.1.1.31); 29 — 6-pochormokonarneruaporenaza (KD 1.1.1.44); 30 —
pubo3za - 5-¢pocharuzomepaza B (KP 5.3.1.6); 31 — tpanckeronaza (K® 2.2.1.1); 32 — ¢pykro3zo-
oicpocharanpmonaza (KO 4.1.2.13); 33 — Ttpancanpmonaza (KO 2.2.1.2); 34 - rimoko30-6-
¢docdarizomepaza (KO 5.3.1.9); 35 - tpanckeromaza (Kd: 2.2.1.1 ); 36 - -ge3okcu-/-
dochorentynonarcuntaza (K® 2.5.1.54 ); 37 - nenradyukiionansuuii nominentug AROM (KD 4.2.3.4);
38 - nenradpynkionansauid moninentua AROM (KO 4.2.3.4); 39 - nenTadyHKIIOHATBHUN MOJIMENTH]
AROM (K® 4.2.3.4); 40 - nenradpyukumionansuuii mominentun AROM (Kd 4.2.3.4); 41 -
nentadpyHkiionansHuil mominentux AROM (KD 4.2.3.4); 42 - xopusmatcuntaza (K® 4.2.3.5 ); 43 -
komroneHT | antpaninarcunrtazu (K@ 4.1.3.27); 44 - antpaninardochopudosmnrpancepasza (KO
2.4.2.18); 45 - pochopubosunantpanizarizomepasa (Kd 5.3.1.24); 46 - ingon-3-riuinepondocdarcuarasa
(Kd 4.1.3.27); 47 - tpunrodancuntaza (KD 4.2.1.20 ); 48 — xopizmap myrasza (KD 5.4.99.5 ); 49 -
pedenarnerinparaza (K® 4.2.1.51); 50 -  ricrununon-pocdaraminorpancpepaza (K® 2.6.1.9); 51 -
npedenataerigporenaza (NADP+) (Kd 1.3.1.13); 52 - aminorpanchepaza apoMaTHIHUX aMiHOKHACITOT 11
(Kd 2.6.1.58); 53 - puboszo-pochar-mipopocdokinaza (K& 2.7.6.1); 54 - ATO-
docpopudozmnrpanchepaza (KO 2.4.2.17); 55 - ricruaunonuperinporenaza (Kd 3.6.1.31); 56 -
ricrunuHonaeriaporenasa (K& 3.6.1.31); 57 - pochopudozundopmimMino-5-amiHOIMiIa301 KapOOKcamig
puborua izomepaza (K® 5.3.1.16); 58 - wmigasonrminepondpocharcunraza (KO 4.3.2.10); 59 -

imigazonerminepun-pocharaeriaparaza (KD 4.2.1.19); 60 - ictuaunon-docdaraminorpanchepasa
(Kd 2.6.1.9); 61 - rictununon-dpocdarasa (cimeiicteo PHP) (K® 3.1.3.15); 62 - rictuauHoNIeri[poreHasa
(Kd 3.6.1.31); 63 - rictuaunonzeriaporenaza (K® 3.6.1.31); 64 — izouutpatmiaza (K® 4.1.3.1); 65 —



manatcuaTeTaza (K® 2.3.3.9). 66 - rminuwi-tPHK-cunreraza (K® 6.1.1.14); 67 - nucreinin-rPHK-
cunreraza (K® 6.1.1.16); 68 - ananin-TPHK-cunteraza (K® 6.1.1.7); 69 - Banin-TPHK-cunteraza (KD
6.1.1.9); 70 - neittmn-TPHK-cunarerasa (K® 6.1.1.4); 71 - acnaparinin-rPHK-cunreraza (K® 6.1.1.22); 72
- i3oneimt-TPHK-cunteraza (K® 6.1.1.5); 73 - misun-tPHK-cunreraza (K® 6.1.1.6); 74 - merionin-
TPHK-cunreraza (K® 6.1.1.10); 75 - mpomin-TPHK-cunteraza (K® 6.1.1.15); 76 - aprinin-TPHK-
cunrerasa (K® 6.1.1.19); 77 - rnyraminin-rPHK-cunrerasza (K® 6.1.1.18); 78 - misun-tPHK-cunTerasa
(Kd 6.1.1.6); 79 - rictuaun-tPHK-cunrerasza (K® 6.1.1.21); 80 - tpunrodanin-tTPHK-cunteraza (KD
6.1.1.2); 81 - ¢eninananin-TPHK-cunteraza (K® 6.1.1.20); 82 - tuposun-tPHK-cunrerasa (K® 6.1.1.1);
83 - AJ1®-pubosunrpanchepasa (KD 2.4.2.31)1.
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PO3/1JI 5. OB PYHTYBAHHSI BUBOPY TEXHOJIOI'TYHOI CXEMHA
5.1. Bu6ip ymoB i cioco0y kyJabTuByBanHs Torulaspoera delbrueckii

Jliis BipHOTO BHOOpPY YMOB Ta CIOCOOY KyJIbTUBYBAaHHS MOTPIOHO CHUPATUCS HA
$1310710r0-010XIMIYHI  XapaKTEPUCTUKH JaHOTO O10J0riyHOro areHrta. ICHye 1Ba
OCHOBHUX TUIHU KyJIbTUBYBaHHS: TTMOMHHE Ta TTOBEPXHEBE.

[Ipu BupolIyBaHHI Ha MOBEPXHI KUBUJIBHOTO CEPEAOBHINA MIKPOOPTraHi3MHU
OTPUMYIOTh KHUCEHB 3 MOBITPsL. [Ipu moBepXHEBOMY KYJIbTUBYBaHH1 BaXJIMBO 30UIBIITUTH
IUTONTY KOHTAKTYy MK CEpEJOBHUIIEM 1 MOBITPSAM. Y 1abopaTopisx 1e poOsaTh y yariii
[TeTpi, OCKIIBKM BOHA Ma€ IIUPOKE Ta IUIACKE JTHO, HA K€ MOYKHA HAHECTHU TOHKHUH 1ap
cepenoBHIa. B MpoMHUCIOBOCTI sl IBOTO BUKOPUCTOBYIOTH KIOBETH.

['mubuHHe KyJIbTUBYBaHHS BiAOYBaeTbcs y piakoMy cepeaouii. 11ig yac mporo
IPOLECY MIKPOOPTaHi3MH BHKOPUCTOBYIOTh KHCEHb, PO3UYMHEHMH y BOAIl. OCKUIbKH
PO3UYMHHICTh KHUCHIO Y BOJl € HEIOCTaTHbOIO, JI0 PIJKOr0 CEpeAOoBHINA MOTPIOHO
J0/1aBaTH TOBITPS IITY4YHO, MIO0 J03BOJIUTH aepoOaM pPOCTH B TOBIIl PIAMHH.
HaiinpocTimmm METOJIOM € CTpYITyBaHHS KOJIOUW a00 MPOOIpKU CHeIiaIbHIUM BaJIUKOM,
110 301JIBIIYE TIONTYy KOHTAKTy CEpeIOBHINA 3 KUCHEM. Y TMPOMHUCIOBUX YMOBAX, KOJH
MIKpOOPTaHi3MH BHUPOIIYIOThCS Y (hepMeHTaTopax, KUCEHb IMOAAIOTh y CEPEIOBHIIE
OJTHOYACHO 3 MEXaHIYHUM IepeMilTyBaHHsIM [24].

3rigHo 31 CTaTTero, ONMTUMAaJIbHI YMOBH JAJSl KYJIBTHBYBAHHS I[LOTO MPOAYIICHTA
ckianaroTh: Temmneparypa 6mmssko 30°C, pH = 4,4 Ta HasBHICTH aepalliifHOro MOBITPSI.
3a TakMX yMOB MOXYTh PO3BHUBATHCS PI3HI CTOPOHHI MIKPOOPTaHi3MH, TOMY Jisi
3armo0iraHHs iX MmosiBl HEOOX1AHO MIATPUMYBATH ACENITUYHI YMOBH KyJIbTHUBYBaHHS. Lle
JOCSITAETBCST  CTEPUIIIZAIIEID aepaliifHOro TOBITPs, OOJaAHAHHS, KOMYHIKAIll Ta
MOKMBHOTO cepezoBuia [25].

V 3B’s13Ky 3 BUIlleCcKa3aHUM, KyibTiBYBaHHs Torulaspora delbrueckii muis cuntesy

HYXT BTEK 04.02.36 KP [13

M Apk. | Ne dokymermal Ilionuc | Zama

Po3pobruk | lailiyyk A.P. Jlimepa| Apkyw |  Apxywis
KepigHUK Kpacitbko B.0. PO34I/15. OBIPYHTYBAHHA [T ] 37 17
H._KoHmp BMBOPY TEXHO/IOII4HOI

RoHCy/Ibm CXEMM Kapedpa b6TM
3a8. Kag. (mabHixos B.II.
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KULJIEP-TOKCUHY 3A1MCHIOIOTH TNIMOMHHUM criocoOoM. Lleit croci6 3abe3neunTts BiAMOBITHI
YMOBH, 32 SIKHX MIKpPOOPTaHi3M OyJie pO3BUBATUCSA Y TOBIII OKUBHOTO CEPEIOBUIIIA, UEPE3
SIKE TIOCTIMHO MPOXOUTUME CTEPHIIbHE MOBITPSI, @ CEPEIOBHUIIIC IIEpeMillyBaTUMEThCs [26].
Taxox noTpiOHO 3a3HAYUTH, 110 TTIMOMHHMI CMIOCIO KYJIbTUBYBAHHS MOJIETIINTH MOAAIIBIIE
BUJIIJICHHS 1 OUHIIECHHS KIJIEP-TOKCHHIB.

[IpoyKyBaHHS TOKCHHIB 3IMCHIOETHCS i 4Yac MEpiOJUYHOTO KYJIHTHBYBaHHS,
OCKUIbKM CHHTE3 TOKCHHIB BiAOYyBa€Thcsl y cTalioHapHii ¢asi, a 3a MATPpUMaHHS
MIKPOOpTaHi3My B €CHOHEHIIWHIH a3, 10 XapakTepHe i1 Oe3lepepBHOrO
KyJbTUBYBaHHs, HEe Oyze BIAOYBaTUCh O10CMHTE3 KIHIEBOTO MPOAYKTY. Takoxk Ha BiIMIHY
Biji Oe€3MepepBHOrO TMpPOIECYy MiJ Yac MEepPIOJUYHOIO HE MOXKJIMBE BHUMHBAHHS IIIE
HECIIOXHUTOTO CyOcTpaty 3 hepmentepa [27].

5.2. Bubip Tuny ¢epmenTepa ais KyabTuByBaHHsi Torulaspora delbrueckii
3aJie)KHO BiJT yYMOB KYyJbTHBYBaHHS OIOJIOTIYHOrO areHtra (epMeHTep Moxke
BIJIPI3HATHUCS. BU3HAUMBIIMCH 31 CIOCOOOM KYJIBTHBYBaHHS Ta ()1310J10T0-010XIMIYHUMHU
OCOOJIMBOCTSIMU  MIKpOOpraHi3Ma, HEOOX1THO o00path MOTpiIOHE  OCHAILECHHSA IS
dbepMmenTepa, 10 3aJ0BOJILHUTH HEOOXI1THI YMOBH JIJIsSI CHHTE3Y K1JIEp-TOKCHHIB.

1. KyneruByBanus npoayienta Torulaspora delbrueckii BinOyBaeTbcst B aepoOHUX
YMOBax, TOMY JJI TIATPUMAHHS KUTTE3JATHOCTI KJIITUH HEOOX1AHO MPOBOAUTH aepauiio.
VY 3B’A3Ky 3 JaHOK BUMOTOI0 BAapTO BUKOPHCTOBYBATU (DepMEHTEp, SKUW OCHAIECHUN
O6apOoTepom, 1110 3a0€3MeUnTh KYJIbTYPY HEOOX1THOK KUIbKICTIO KUCHIO.

2. biocunre3 TokcuHIB BinOyBaeThes 3a pH = 4,4 , uepes 11e hepMeHTEp MOBUHEH
BKJIIOUATH B ce0e AATYUK I KOHTPOJIIO 3Ha4eHb pH.

3. [Iponece hepmenTallii Big0yBaEeThCS 3a CTAIOK TEMIIEPATypOlO, 110 CTaHOBUTH 30
°C, ToMy i MATPUMAHHSA JaHOTO 3HAYEHHS TIpU KyJIbTUBYBaHHI, (epMeHTep
OCHAIILY€ETHCSI COPOUKOIO 1 JATYUKOM TeMIIepaTypH.

4. Jlns 3a0esneueHHs SKICHOTO TEpPEeMINIyBaHHS MOTPIOHO BUKOPUCTOBYBATH
Mimanky. OCKUIbKH KyJbTypa HE € YyTJIMBOIO JIO 3pI130BHX HaBaHTa)KE€Hb, TOMY IO HE
YTBOPIOE MIIIEJNIid, ONTUMAJIbHUM BapiaHTOM OyJl€ BUKOPUCTaHHS BIIAKPUTOI TYpOIHHOI
MIIIAJIKK, Ky IJIs OUTBIIOTO €eKTy BapTO PO3MICTHTH Haj 0apOOTepoM, sKa 3MOXKE

OiATPUMYBATH PiBEHb KUCHIO B Mexax 80% nis HOpMalbHOI JKMTTE3IATHOCTI KJIITHUH
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Torulaspora delbrueckii, e 3a0e3neunTh 3pocTaHHS MOBEPXHI KOHTAKTY (a3 i KoedillieHTy
Macorepeadi Ta BUCOKHI PiBEHb JUCIIePTyBaHHS MOBITps [27].

5. TlpoananizyBaBild MOKHUBHE CEpPEIOBHINE, HEOOXITHO 3a3HAYUTH, IO 3aBISKU
BMICTY JIPIKIPKOBOTO Ta COJIOAOBOTO E€KCTPAKTIB NP IEpeMilTyBaHHI Ta aepairii Oyne
YTBOPIOBATHUCSA TiHA, AJIS BOTO Yy (hepMeHTepi MOTPIOHO BCTAHOBUTH MEXaHIuHI MPUCTPOT
JUTA TIIHOTACIHHA.

3BakalouM Ha T€, IO HA BITYM3HAHOMY PUHKY 3 BHPOOHHIITBA TPOMHUCIOBHUX
0i0peaKkTopiB He BUTOTOBIAIOTH hepMeHTepH 06’ eMoM 1M 3 koedinienToM 3anoBHeHHs 0,6
Ta OCHAIlIEH]I TYpOIHHOIO MIIIAJIKOK BIAKPUTOrO TUILY, TOMY (hEpPMEHTEP BUTOTOBISETHCS
Ha 3aMOBJICHHS. 3 3aMOBJIEHHSM [I0J0 BHUpPOOHMITBA (QepMEHTEpA 3 3aJaHUMU
napamMeTpamMu MoxHa 3BepHyTHCs 10 (ipmu «Sartoriusy (Himewunna) [28]. Kommanis
MIPOTIOHY€ MIUPOKUI TMEPEeIiK CEPBICHUX MOCIYT, TAKUH K PO3pOOKa TEXHIYHUX PIIICHb,
MIPOEKTYBaHHS, TOCTAYaHHS 1 MOHTAX YCTAaTKYBAaHHS JIJI1 TEXHOJIOTTYHOTO TIPOLIECY.

OTxe, Mg MPOBEJACHHS BUPOOHUYOro OIOCHHTE3Y KIJIEP-TOKCHHIB HEOOXI1THO
3aMOBUTH BUPOOHUITBO (pepMeHTEpa HeoOXimaum 06’ emoMm (1m®), nepenbaunTy HAsgBHICTH
OapboTepy, COPOUYKH, BIJIMOBITHOTO THUITY MIIIAJIKH, a TAKOXK AaTYMKaMHu KOHTpoio pH Ta
TEMIIEPATYPH.

5.3 O0rpyHTYBaHHS CTAAil MiATOTOBKH aepauiiiHOTo NMOBiTpS.

KynetuByBanHs npoxymenrta Torulaspora delbrueckii BinOyBaeTbes B aepoOHHMX
yMOBaX, TOMY JUTsI T ATPUMAHHS KUTTE3TATHOCTI KIIITHH HeoOXimHa aeparttis [29]. V 3B’ s3ky
3 IIUM BapTO BUKOPHUCTOBYBATH (DEPMEHTEP, OCHAIICHHHN OapOoTepoMm, IO 3a0e3NeYUTh
KyJbTYpy HEOOXIHOK KUIBKICTIO KHUCHIO. Uepe3 1110, HaIOI 3aJayuelo € Ojep:KaHHS
BEJIMKOT KUJIBKOCTI CTEPUIILHOTO MOBITPSI IJIs aepaliii.

JIJ1s miArOTOBKM MOCIBHOTO MaTepially Ta 1HOKYJISATY BUKOPUCTOBYIOThH JIaOOpaTOPHI
npuMinieHHs: Ta MikpoOionoriydi Ookcu. [I[o06 3a0e3neyuTH CTEpUIIBHICTh y LHX
MPUMIIIEHHSIX, BAKOPUCTOBYIOTH yibTpadiosieToBe onpomineHHs (Y O-nammm).

JIst TATOTOBKH CTEPHJIBHOTO aepalliifHOrO TOBITPS BHKOPUCTOBYETHCS METOJT
MEXaHI14oro BIJOKPEMJICHHSI YaCTOUOK Ta MIKpOOpPTaHi3MiB. [[pUHIIMIIOM ITbOTOM METOY €
GbiTETpYBaHHS Yepe3 MOPUCTI, cTepuili3yrodi Mmarepianu. Crocid oTpuMaHHs CTEPUIILHOTO

aeparifHoOro MOBITPsS BKJIFOYAE B ce0e HACTYIIHI €Talu:
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1. AtmocdepHe MoBiTps 3a0Upar0Th TypOOKOMIPECOPOM depe3 3a0ipHy MIaxXTy, Ha
BUCOTI 2 - 3 M BiJ HaWBWINOI TOYKH OYJIBI, OCKIJIBKH 13 30UIBIIEHHSM BHCOTH HaJ
MOBEPXHEI0 KOHIIEHTpAlllsl MIKPOOPTaHI3MIB Y TIOBITPI 3MEHIIYETHCS, TOOTO IS
MPOEKTOBAHOTO BUPOOHUIITBA - HA BUcOTi mpubian3Ho 10 m (Bucora pepmentepa — 1,6 m,
BHCOTa MOBEpXy 6 M, Kocuit gax oyxaismi — 1,5 m);

2. JIyis ouMIleHHs TIOBITPS BiJl rpyOOro aepo30Jito, MUY Ta 3MEHIIEHHS KUIBKOCTI
KOHTaMIHaHTIB Y HbOMY 3aCTOCOBYIOTh (UIBTPU MOIEpenHboro ouuineHHs. i ¢pinbTpu
MOXYTh OyTH BHUTOTOBJICHI 3 PI3HUX MaTepiaiiB, TaKUX SK METaJeBl CTPYXKKH, KUIbIIS
Pammmra abo rybuactoro miHOMOJIypeTaHy, 3MOUYEHOTO OJIMBOK. BoHU mpuszHaveHi s
3ano0irandsl 3a0pyJHEHHIO KOMIpPECOpiB Ta 3a0e3neueHHs] €()EeKTUBHOTO OYMIICHHS
MOBITPS BiJ MIKIJUIMBUX YaCTOK. IneasibHUM BHUOOPOM JiJis 1IbOTO € (DUIBTPH 3 Ty0YacTOro
MIHOMNOJIIypEeTaHy, OCKUJIBKM BOHM MarOTh BUCOKY €()EKTUBHICTH YJIOBIIOBaHHA nuiy (50-
85%) Ta BIAMOBIAAIOTH BUMOTAM IIOJI0 MUIOEMHOCTI 1 po6ouoi Temmnepatypu (0,2 kr/Mm Ta
121 °C ignosinuo) [30].

3. Jnsg nononaHHs omnopy (UIbTpalidHUX MaTepiajiB Ha HACTYIHHUX eTamnax
GinpTpyBaHHS Ta JJIA TOJOJAHHS TIAPABIIYHOTO OIMOPY MiJ Yac PO3MOJAUTYy TOBITPS Y
KyJIbTYPHIN PiAMHI, 3aCTOCOBYETHCS MMIJIBUILIEHHS TUCKY MOBITPs. Lle nocsraerses nuisixom
Horo ctucHeHHs y TypOokommpecopi a0 3HaueHHs 0,35-0,5 MIla. Ilpouec crucHeHHs
TIOBITPS Y KOMITpecopi Beae A0 30ubIneHHs Temneparypu a0 120—-250°C ta miaBUICHHS
BOJIOTOCTI Ha OJIMHULIIO 00'eMY.

4. J171s1 OXOJIO/I>KEHHS HArpiTOTO 1] YaC CTUCHEHHS TOBITPS Ta BUJIAJICHHS BOJIOTH Y
KpaIUICBIIOBITIOBAYi, TOBITPS OXOJIOKYIOTh 3a JOIMOMOTOI0 BOJSHOTO TEIUIOOOMIHHOTO
amapary,

5. It 0CTaTOYHOTO BUAAJICHHS KOHJICHCOBAHOI BOJIOTHM Ta BUPIBHIOBAHHS THUCKY
MOBITPS IOJIAl0Th Y PECUBED;

6. JImst OumnIeHHs MOBITPS, 10 MOAAETHCS 0 yCiX ePMEHTEPIB 1EXY 1 BUAAICHHS
110 98% MiKpOOpraHi3MiB OUUIIEHHS MPOBOISITH HA TOJIOBHUX (DITBTPaX, K1 3aITOBHIOIOTHCS
HAaOMBHUM BOJIOKHOM 1 BCTAHOBJIIOIOTHCS B 11Xy (hepMeHTallli Ha TOJIOBHOMY MOBITPSHOMY
KOJIEKTOP1 CTHCHYTOTO aepamiiHoro moBiTps. OCHOBHOIO mepeBaroi (UIbTPYHOYOTro

Marepially € BAKOPHUCTaHHS 0a3abTOBUX BOJIOKOH, SIKI BOJIOJIIFOTH BUCOKOIO CTIMKICTIO JI0
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BIUIUBY Tapy, MarOTh CTIMKICTh HaBITh Yy TMOPIBHSAHHI 31 CKJISHUMH BOJIOKHAMHU Ta
3aJIUIIAI0Th CBOIO MILIHICTh MICIISI JOBrOTPUBAJIOTO BILUTUBY rapsiuoi mapu Ta TUCKY.

7. OuuIIeHHS TMOBITPSA HA IHAMBIAYalbHUX (QUIBTPAX, MOBITPS HAIXOIUTH uYepes
KOJICKTOPH BiJl TOJIOBHUX (1IbTPIB (BCTAHOBJICHI O€3MOCepeHhO Ha KOXKHOMY (hepMeHTepI,
3aTpuMyIOoTh 99,999% MikpoopraHizMiB).

TexHOoJIOr1YHO ¥ €KOHOMIYHO BHUIIPaBIaHUM Yy MPOMMCIIOBOCTI € CIIOCIO OUMIIICHHS
MOBITPS 32 IOTIOMOTOX0 BOJIOKHUCTHUX 1 IOPUCTUX MaTepiaiiB, TOMY IO BIAETHCS OJCPKATH
HOBITPS 31 CTyneHeM YUCTOTU 99,9999%. dinbTpyrodi MaTepianu, siki BAKOPUCTOBYIOTHCS
Ha eTall TOHKOTO OYHIIEHHS, PO3AUISIIOTHCS Ha JEKUIbKa TPYI: TOHKOBOJOKHHCTI
Marepiaau y BUIJISIAI MaTiB, KapTOHy, Hamepy, 3€pHUCTI TBepAl (uibTpyroul Oap'epu
(kepamiyHi, MeTaJlOKepaMiyHi, 3 TMOJIMEPHUX MarepiaiiB) Ta MeMOpaHH1 ¢inbTpu. B
MIPOMHMCIIOBUX (DUTbTpax JJisi TOHKOIO OYHUIIEHHS MOBITPS HalyacTilIe BUKOPUCTOBYIOTHCS
TOHKOBOJIOKHHUCTI (ibTpyroui Matepiaiu [30].

VY cyuacHiil mpakTULl YacTillle BUKOPUCTOBYIOTh 0a3ajJbTOBE TOHKE Ta CYNEPTOHKE
BOJIOKHO, JiamMeTp sKkux craHoBuTh 0,7-1 wmikpomerp. LI Marepianum BBaXKarOThCs
MEePCIEKTUBHUMU JIJIT MIKPOO10JIOTIYHOT MPOMHUCIOBOCTI Yepe3 IXHIO BapTiCTh, HU3BKUU
TIAPaBIIYHUN OMIp Ta BEIUKY 3JaTHICTh YTPUMYBATH MWJI. 3Ba)KE€HI B TOBITPI YacTKU
3aTPUMYIOTBCSI BOJIOKHMCTUM MaTepiajioM 3aBAsSKU 1HEpUHiiHOMY 1 audysiiiHOMy
MeXaH13MaM OCaJ[KEHHSI.

IIpu exkcrutyaTanii ¢piabTpiB HEOOX1IHA XHS cTepumizania. Haildinbm epekTuBHIM
METOJIOM € HarpiBaHHs BOJIOTOIO MMapo0 1 BUTPUMKA MPOTATOM BHU3HAUEHOTO 4acy IpH
temnepatypi 125—130°C. [Ticna crepunizaiii GUIbTPYIOUHiA MaTepial BUCYIIYIOTh FapsuyuM
noitpsm [30].

5.4 O0rpyHTYBaHHA BUOOPY MUITHMX Ta Ae3MH(IKYIOUYHNX 32c00iB

Bupo6uunrso apixkmkis Torulaspora delbrueckii 3uiticaroetbest ynpomosxk 117 auiB
1 BKJIIOYA€ MIATOTOBKY HACTYMHOro oOyafgHaHHs: iHOKyastop — 10m, peakrop - 10,
iHOKyIsITOp - 100, peaktop — 5001, depmentep - 1000, peaktop — 101 , Kauanku, a TAKOXK
OOKCH Ta 1TabOpaTOpHE YCTATKYyBaHHS.

BupoOHUIITBO 3MIMCHIOETHCS B HACTYMHUX MPUMIMICHHSIX: I€X BUPOOHUYOTO

OlocuHTEe3y, JabopaTopHe MPUMIIICHHS JIS MPOBEACHHS PI3HOMAHITHUX OMeparlii, ae
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3HAXOMASATHCS aBTOKJIABH, OOKC, TEPMOCTATH, XOJOAWIbHUKY, anapaTrypa uisi IpOBeICHHS
PI3HUX BHUJIB KOHTPOJIO.

Cnin 3ayBaXWTH, IO JJs OIOTEXHOJOTIYHUX BHPOOHHUIITB, peai30BaHUX 3
BMKOPUCTAHHAM (DEPMEHTALIMHOrO 0ONagHaHHS BeaMKUX obcarie (pepmentep Bim 1m3 i
Oinple), BapTO OpIEHTYBAaTHUCSA Ha OyAiBENbHI HOPMH, TOMY 3a IIMPHUHY OYyIiBII MH
npuiiMaemMo HailbImK4e cTaHAapTHE 3HaUeHHS — 6 M. JIoBXUHY Oy 1Bl MPUITMaEMO KpaTHY
JOBXKMHI CTAaHIAPTHUX OYA1BEIBHUX IUTUT, TOOTO 18 M.

["aGapuTH1 pO3MIpH OCHOBHOTO 00JIaIHAHHS HaBEACHO Y maoba. 5.1.
Tabnuysa 5.1.

I"'abapuTHi po3Mipy 0CHOBHOI0 00JIAJTHAHHSA /IS BUPOOHMITBA APLKIKIB

Torulaspora delbrueckii

Ob6nagHaHHA Feo(n)/lﬁe,Te I;:’I‘;IHHH Hdiamerp, m | Bucora, m
DepmeHTep 1000 0,9 1,6
[nokynsitop 1-8 10 0,3 0,71
PeaxTop P-10 10 1,5 1,1
Inokymsitop 1-12 100 1,95 2,56
PeakTop P-14 500 1,15 2,2
Peaktop P-19 10 1,1 1,55

Bcenoro 1630

3riiHo 1aHuM mabn. 5.1, 3aranbHU 00’€M peakTOpiB-3MilllyBayiB Ta anapartiB JJIs
BHPOLIYBAaHHS [TOCIBHOTO MaTepiany i BAPOOHUYOro 0i0CMHTE3y CTAHOBUTH 1,63 M,

3 Meroro 3a0e3MeyYeHHsT YUCTOTH BHPOOHMYMX MPUMILIEHb, MUTTA MIAJIOTH
MPOBOJUTHCA TIOJHA, TOOTO 117 paziB. OnuH pa3 Ha MICSIb 3AIHCHIOETHCS TeHEPAIbHE
npubupanHs (00poOka CTiH, MIAJOTH, BIKOH TOIIO), ToOTO 4 pasu nHa 117 amiB. Jns
pPO3paxyHKy KUIBKOCTI MHUMHMX 3ac00iB HEOOXITHO pPO3paxyBaTH MNPUOIU3HY TUIOULY
0oOpoOJIeHHS MUNWHUMHM Ta JAe31H(QIKYIOUYMMHU 3aco0aMH, BpPaxOBYIOUHM IUIONLY IMiJJIOTH
BUPOOHMYOTO MPUMIIIEHHS Ta IUIOLLYy CTIH Ha BUCOTY. Bucorta HailOuipmioro amapaty
ckiagae 2,56 M, TOMy 3a BUCOTY NMPUMIILIEHHS pUiiMeMo 4 M, BpaxOBYHOYH B1JICTaHb BiJ
peakTopa 110 cTedi B 1 m.

ITnoma miyIory 1exy BUpOOHMYOro G10CMHTE3y CTaHOBHUTH 72 M2 (6x12 M), moma
crir — [(12 x 4) + (6 x 4)] x 2 = 144 m?, 3aranbpHa WiIomWA MUATTS — 72 + 144 = 216 M2,
3aranbpHy TUIONTY MTOBEPXHI 00POOKH MUMHUMH 3ac00aMu HaBEACHO y maob.. 5.2.
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Tabnuys 5.2
Po3paxyHoKk 3arajibHOI IUI01I CTiH Ta MiVIOTH BUPOOHUYHX NMPUMIIIEHb APLKIKIB

Torulaspora delbrueckii

. I1noma Ilnoma crin, | 3araabHa

pumimenus . 9 9 9

MiIJ10ru, M M Iioma, M
Llex BupoOHUYOTO §iOCHHTe3y Ta BUPOLIYBAHHSI 79 144 216

THOKYJIATY

Mikpo06iosioriyaa 1abopaTopist 24 80 104
[TpuMinieHHs 3 KayajaKaMu 12 32 44
3arajpHa IJI01Ia 108 256 364

KibKicTh BUPOOHMYMX LMKJIIB JUIsl BUPOOHUUTBA JAPLKIKIB 27. OCKIIBKH MHTTH
oOnagHaHHS BiIOYBA€ETHCS IMEpe]] KOKHUM ILUKIOM, KUIBKICTh NMPOIECIB MHUTTS 3a BECh
nepiol BUPOOHUIITBA CKIajgae 28 (A0JATKOBE MHTTS IMICIS OCTaHHBOTO HHKIY). Tomi
3arajibHUil 00’€M MUTTSI CTAHOBUTHME:

1,630 x 28 = 45,64 m°

VY3aranbHeH1 JjaHi 010 PO3paxyHKY IOl MUTTS Ta/a00 Ae31H(EKIIii 3a BECh Iep10]

BUPOOHMIITBA HaBEACHO B maobi. 5.3
Tabnuys 5.3
Po3paxyHok 3arajibHoI U101 MUTTSI 00POOJIIOBAHOTO 00’ €KTY 32 BeCh Mepioj

BHpoOHUNTBA ApixkIkiB Torulaspora delbrueckii

00’ext mutta | Ilioma (06°em) | KinbkicTh npoueciB MUTTS 3araabHa mioma (00°eM) MUTTS
Ta/a6o o0pob.sroBaHoro | Tta/ado nesindexuii 3a Bech | Ta/ado nesindexuii 00’exkTy 3a Bech
nesinexuii | 06’exry, M? (M%) nepioa BUPOOHMITBA nepiox BUPoOHUITBA, M? (M3)
OOnagHaHHs 1,630 28 45,64
ITigmora 108 117 12 636
Crint, ABepl, 256 4 1024
BiKHa

JUist MUTTS €MHICHOTO 0OJiagHaHHs BHUKOpUCTOBYeThCcs CIP-muitku. Butpatu
pobodoro po3unHy ckianarTs 20-30% Big 00’emy oOJagHAHHS IO MUETHCS, TPUHMEMO
BUTpPAaTU Ha CEpeIHLOMY piBHI y Mexax 20%. Omxe, ausa Mutta Ta aesindexuii 45,64 m3
o0JiaHaHHS HEOOX1THO BUTPATUTH .

45,64 x 0,20 = 9,128 m® 3ac06Y B pik
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JaHi moao0 BuOOpy MUMHHMX Ta Je3iH(]iKyrounx 3aco0iB AOLUIbHIIIE HABOJIUTUH Y
BUTJISAII y3arajipHIO0401 Tabnui 2.4. [1ig yac Bubopy MUIHUX Ta ne31HIKYIOUNX 3ac001B
HEOOX1THO 3Ba)kKaTW Ha iX €(EKTHUBHICTH 1 BapTICTh, a TAKOXX HA BUTPATU JUIsI OOpOOKHU
noTpiOHOI 1I0mi/06 eMy. 3a3Buuaii, i 06poOku 1 M? mosepxHi BuTpayaeTbea 100 mi

PO3YMHY MUIHOTO a00 N1e31H(IKYI0YOT0 3aco0y.
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Tabnuys 5.4

¥Y3arajibHeHa XapaKTepPHCTHKA BUTPAT MHITHHUX Ta Je3iHpiKyBaaIbHHUX 3ac00iB I BUPpOOHMITBA ApixKIKiB Torulaspora

delbrueckii
3arajnHa IJIoma . ] 3arajnHa
KiabkicTh . .
(00’°eM) MuTTSH Bapricts 1 a/kr ) BapTiCTh
HasBa Konuenrpa podouoro . Baprictp 1
. L. O0’eKT MUTTH . Ta/a00 MHIHOro 200 MHUTTS Ta/a00
MUitHoOro/1e3indiky mis . poO3uMHY 3a L. J1 po6040ro .
Ta/a00 nesindexuii . ne3indikyBajibHOTO nesindexirii 3a
BaJILHOIO 3200y . podouoro BeCh nepioj poO34MHYy, .
] nesindexirii 00’€KTYy 32 BeCh 3aco0y, BeCh Iepios
(niroua peyoBHHA) po34uny, % ) BHPOOHHUUTBA, I'pH
nepioj H rpH BUPOOHMIITBA,
BHPOOHHITBA, M? TpH
CAHI®EKT [1] OO6tagHaHHsS 0,3 59 300 10 494 415 1,25 13118
[ToBepxHi TpUMIIICHB
«CAHIMAKC» [2] Ta 0,2 59 300 10 494 1344 2,68 28 124
oOJIafHAHHS
[ToBepxHi TpUMIIICHB
JE3EKOH [3] Ta 15 59 300 10 494 504 7,56 79 335
oOJIafHAHHS
[ToBepxHi mpUMIIICHb
MAKCHCAH [4] Ta 0,25 59 300 10 494 1260 3,15 33 056
oOJIagHaHHS
CAHITIPO®- IToBepxHi mpUMIIIEHb
YHIBEPCAIJI- Ta 2 59 300 10 494 50 1 10 494
CAHAIIIA [5] o0JaTHaHHS

1. bttps://ukranalitika.com.ua/goods/dezinfitsiruyushchie-sredstva/dezinfitsiruyushchee-sredstvo-sanifekt-10l

https://ukranalitika.com.ua/goods/dezinfitsiruyushchie-sredstva/dezinfitsiruuschee-sredstvo-sanimaks-11

https://interdez.com.ua/ru/product/dezinficiruyuschee-sredstvo-desekon-om-baltiachemi-kiev

https://interdez.com.ua/product/maksisan-unvcpd

apr e

https://prom.ua/ua/p2166454711-universalnoe-moyuschee-sredstvo.html



https://ukranalitika.com.ua/goods/dezinfitsiruyushchie-sredstva/dezinfitsiruyushchee-sredstvo-sanifekt-10l
https://ukranalitika.com.ua/goods/dezinfitsiruyushchie-sredstva/dezinfitsiruuschee-sredstvo-sanimaks-1l
https://interdez.com.ua/ru/product/dezinficiruyuschee-sredstvo-desekon-om-baltiachemi-kiev
https://interdez.com.ua/product/maksisan-unvcpd
https://prom.ua/ua/p2166454711-universalnoe-moyuschee-sredstvo.html

BpaxoBytoun pe3ynbTaT po3paxyHKy y Tabauyi 5.4 cepen ycix po3rissHyTUX MUWHUX
Ta nae3iH(]iKyBaIpbHUX 3aco0iB HaWKpamuM BUOOpOM miii OOpoOKM OOJIaJHAaHHS €
«CAHI®EKT», a Jj1s1 TIOBEpXOHb 00JIaJHaHHsI, OOPOOKHU CTiH, BIKOH, JABEpPEH Ta MiJIOTH —
«CAHITPO®-YHIBEPCAJI-CAHALIIS», OCKUTBKM BOHHM MAalOTh HU3BbKY BapTICTIO 32 BECh
nepioa BupoOHuITBa (117 AHIB), 1110 € OJTHUM 3 TOJIOBHUX MOKAa3HUKIB HA BUPOOHUIITBI, a
TaKO0> BUCOKOIO €()EKTUBHICTIO IIPU 3aCTOCYBAHHSI.

Takox mOTPIOHO mam’sTaTh, MmO I TOTO, MO0 HE 3 ’SBWIACH CTIMKICTh
MIKPOOPTaHi3MiB J10 Ae31H(GIKYIOUHX 3aCO0IB MEpiOAMYHO HEOOXITHO MTPOBOAUTH iX 3MIHY
3riHO rpadika yepryBaHHs Ae31H(PIKyIOUUX Ta MUIOYE-Ie31HPIKYIOUnX 3ac001B, 3a3BUYAll
PEKOMEHY€EThCs uepryBatu KoxHi 1-3 micsui. Tomy sik 3amina « CAHI®EKT» i1t 00poOKu
oOnaHaHHS MOXKHA BHUKOPHCTOBYBaTH «CAHIMAKC», a Juisi 4epryBaHHsA 3aco0y s
MOBEPXOHb O0JIaIHAHHS Ta MPUMIIIEHb MOKHAa BUKOpHUCTaTH «MAKCUCAH». JleTanbHa

iH(dopMarris mpo oOpaHi MUIHI Ta Je31H(IKyBaJIbHI 3acO0U 3a3HaYEHA HIDKYE.

1) Ha3Ba 3aco0y - CAHIDOEKT

Bupo0Huk — Ykpaina

Crkaan 3aco0y: Kommieke yeTBepTUHHUX aMOHI€BHX crniofiyk (He meHm 9,0%) B
MOETHAHHI 3 CHHEPTIYHO JAII0YUMHU aKTUBYIOTH 100aBKaMH 1 IOTTOMI)KHUMU KOMIIOHEHTAMH.

dopMa BHIYCKY, NpU3HAYeHHH 1 (Qi3UKO-XiMiUYHI BJIACTHMBOCTI 3ac00y.

«Canidekt» n00pe 3MINIyeThCcsl 3 BOAOK B OyIb-IKOMY CHiBBiAHOIICHHI. BoaHi
PO3YMHHU MaIOTh MHUIOY1 Ta J€30J0PYI0Yl BIACTUBOCTI, JIETKO 3MUBAIOTHCA 3 00pOOICHUX
MOBEPXOHb, HE 3AIMILAIOTH CIiAIB, HE (PIKCYIOTh OpraniuHi 3a0pyaHeHHs. EdekTuBHICTD
pOoOOUYMX PO3UMHIB MPU BUCOKIN OUIKOBOT HaBaHTaKEeHHI. Po3unHU BUAaNsA0Th O17IKOBO-
KUPOB1 3a0pyNHEHHsI, HE YMHITH KOPO31MHOI ¥ 1HIIOT MIKIAIMBOI Aii Ha 00’€KTH,
BUT'OTOBJICHI 3 AJIFOMIH1I0, HEPKABIIOUOi 1 HU3bKOBYTJIEEBOI CTall, TOKPUTUX HIKEJIEeM a0bo
JATYHHIO, PI3HUX BUJIB MOJIMEPHUX MarepiajiiB, T'yMH, CKjia, OeToHy, nepeBunu. He
3HE0APBIIIOIOTh 1 HE 3MEHIIYIOTh MIIHICTh TKaHUH, MOJETIIYIOTh 1 MOKPAIIyIOTh SIKICTh
MpaHHs TeKCTUIbHUX BUPOOiB. pH koHuentpary 10,5 £+ 1,5.

CnekTp anTUMikpoOHoi aii: «CanidexT» mae aHTUMIKPOOHI BJIACTUBOCTI MPOTH

IMIMPOKOTO CIEKTpa IpaM + 1 TpaM- OakTepiid, BKIIOYa0UX 30y THUKIB THIHHO-CENTUYHHUX 1
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BHYTPILIHBOJIKAPHIHUX 1H(EKIINH, XoJepu, TyOepKyabo3y, JErioHeIbo3y; BIPYCIB;
natoreHHux rpudiB poxny Candida, 30y1HHKIB 1€pMaTOMIKO31B, BUIEBUX I'PUOIB, a TAKOXK

BOJIOJII€ CIIOPOLMIHOKO Jieto [31].

2) IloBHa Ha3Ba 3aco0y — baraTorinpoBuit Muiinuii 3aci6 «CAHITPO®-
YHIBEPCAJI-CAHAIIIS»
Bupoonuxk - «IHTEPJIE3» (Ykpaina)

Cxkuaapg 3aco0y: Mictuts; anionHi [TAP (5-15), amdotepni [IAP <5, HeioHorenHi
ITAP <5, komIIeKCOHAT, KOHCEpPBAaHT, apoMatu3atop (abo 0e3 HBOro 3a BHUMOIOIO
CIIO’KMBava), Boja MiarorosiieHa. 3acid He MiCTUTh pocdaTib.

dopma BHIYCKY, Npu3HAYeHHs i (i3umko-xiMiuHi BJacTuBocTi 3aco0y. 3aciod
BUpOOJIsIETbCA Yy (OpMI KOHUEHTpATy 1 fABIslE cOOOK pPiAMHY Bl 0€30apBHOrO 10
KOPUUYHEBOTO KOJIbOPY 13 3a11axoM apomatusaTtopa (a0o 6€3 HbOro 3a BAMOIOI0 CIIOKUBAYa).
He arpecuBHMiI 110 BIAHOLIEHHIO O MarepianiB, €(EKTUBHO BUAANSIE 3 MOBEPXOHb 1 HE
(GiKCye Ha HHMX pPI3HOMaHITHI OpraHiyHl (y T.4. OIOJOTIYHI pIJWHU), HEOPTaHiuHI Ta
KOMOIHOBaHI 3a0pyJHEHHs, YCyBa€e HEMPUEMHI 3anaxu. He 3anuinae micns MUTTS TUISIM Ta
HanboTy, pH 3aco0y — 8,5+1,5.

Muiina 3patHicTh, % — >80 (BiAmoBigae HOPMI JUIS JTY)KHUX TEXHIYHMX MHHHUX
3ac00iB 3rigano COY MIIII 71.100-235:2008);

31aTHICTh MOBEPXHEBO-aKTUBHUX PEYOBMH JO TEPBUHHOrO  O10JOTTYHOTO
posknamanus, % — >80.

CnekTp aHTUMIKpPOOHOI jii: e(exkTMBHMI TPOTH TPAMIO3UTUBHUX Ta
IPaMHETATUBHUX BETETATUBHUX OAKTEPiH, rpubiB, MMOMUILHUX BIPYCIB.

Jlnst nesundekIii o6magHaHHs BUKOPUCTOBYIOTh POOOUHIA PO3YUH 3 KOHIICHTPAIIIEI0

2% [32].

3) IloBHa Ha3Ba 3aco0y — <kMAKCHCAH»
Bupo0Hux — YHBI] npo6iem nesindexiii (Ykpaina)

Crkuan 3aco0y: KoMiuiekc 40THPhOX YETBEPTUHHUX aMOHIEBUX CIOJYK (HE MEHIIE
50%) 1 noromi>XHUX KOMTIOHEHTIB. He micTuTh OapBHUKA I apoMaTu3aTtopa. Heiitpansuuii

pH xoHueHTpaty 1 poOOUHMX PO3UHHIB.
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®opma BUIIYCKY, IPU3HAYEHHA | (Pi3MKO-XIMIYHI BJI1acTHBOCTI 3ac00y. MakcucaH
n00pe 3MINTYEThCS 3 XOJIOAHOKO 1 Tapsia00 BOJOI0 B Oyab-SIKOMY CHiBBiIHOIIEHHI. BomHi
PO3YMHU MPO30p1, MAIOTh MHUIHY 1110, JIETKO 3MUBAIOTHCSA 3 0OpOOJICHUX MOBEPXOHb, HE
3aJUIIAI0Th MOTHOKIB 1 HANBOTY, HE (PIKCYIOTh OpraHiuHi 3a0pyIHEHHS Ha 0OpOOIIOBAHUX
00’€KkTax; po3urHU €(EKTUBHI NPU BHUCOKOMY OITKOBOMY HaBaHTaKEHHI, TOOTO I
00poOKM CUJIBHO 3a0pyAHEHUX O0’€KTIB; MOXJIUBICTh MIJABUILCHHS AHTUMIKPOOHHX 1
MUHHUX BIACTHUBOCTEH MpPU BUKOPHUCTAHHI HArpiTHX pOOOYHX PO3YMHIB 1 MOCHIICHHSA iX
MUMHHMX BJIACTUBOCTEH MpPH J0JaBaHHI KaJIbIIMHOBAHOI cOMu. BilcyTHICTH KOpPO3iiHOT i
1HIIO1 IIKIIJIMBOI /111 Ha MaTepiainu 0OpoOIIOBaHUX 00’ €KTIB, BATOTOBJIEHHUX 3 METANIB (B T.
Y. QJIOMIHIIO), CKJIa, TMOJIMEpPHUX MaTepiamiB, T'YMH, JACPEBHHHM, Ha JakodapOose 1
raJibBaHIYHE TOKPUTTS.

Cnexktp aHTHUMikpoOHOI faii: Makcucan Mae OakTepuIUAHY (BKJIIOYAIOYH
MikoOakTepil TyOepKyb03y, Listeria monocytogenes, P. aeruginosa, S. aureus i S. aureus
Methicillin Resistant, Campylobacter jejuni, Escherichia coli, Escherichia coli 0157: H7,
Salmonella enteritidis, Salmonella choleraesuis, Shigella dysenteriae, Klebsiella
pneumoniae, Listeria monocytogenes, Enterococcus faecium Vancomycin Resistant,
Yersinia enterocolitica), Bipymiuuaay (B T.4. BipyciB renarutis, CHI/ly, repriecy, rpuiy,
poTa-, KOPOHaBIPYC, 30y/IHUKIB «ITAIIMHOTO TPUIMY»), QYHTIUUAHY (MTaTOreHHI TPUOH 1
1[BUJIb) 1 ciopoumany Aii. [Ipu 3actocyBanH1 poOOYHMX PO3YMHIB IMiJIBUIIIEHOT TEMIIEPATYPH

AHTUMIKpOOHA aKTHBHICTh PO3YMHIB 3aC00y 3HAYHO MOCHITIOEThCS [33].

4) IloBHa Ha3Ba 3ac00y — «CAHIMAKC»
Bupoonuk - YHBI] nmpo6nem nesindexii (Ykpaina)

Cxuag 3aco0y: Komruiekc 4OTUpbOX YETBEPTUHHUX aMOHIEBUX CIOJYK (HE MEHIIe
50%) 1 noroMi>XHUX KOMIOHEHTIB. He MicTuTh OapBHUKA i apoMaTuzaTopa. Heiitpansuuii
pH xoHueHTpaTy 1 poOOYMX PO3UHHIB.

dopma BUIIYCKY, IPU3HAYeHHS i Pi3nKko-XiMiuHI BJjacTUBOCTI 3aco0y. Makcucan
A00pe 3MILIY€ETHCS 3 XOJIOAHOIO 1 Tapsu0i0 BOJIOIO B OyAb-sIKOMY CIHiBBiJHOLIEHHI. BoaHi
PO3YMHHU MPO30pi, MAIOTh MUKHY A1, JETKO 3MHUBAOTHCS 3 OOPOOJIEHUX IOBEPXOHb, HE

3aJUIIAI0Th NaThOKIB 1 HABOTY, HE (DIKCYIOTHh OpraHiuHi 3a0pyIHEeHHS Ha 00pOOIIOBAHUX
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00’€KTax; PO3UYMHU €(PEKTUBHI IPHU BHUCOKOMY OIIIKOBOMY HaBaHTa)XEeHHi, TOOTO IS
00poOKHM CHIIBHO 3a0pyAHEHUX 00’ €KTIB; MOKJIMBICTH MIABUIIECHHS AHTUMIKPOOHHX 1
MUMHHUX BJIACTUBOCTEH IMPH BUKOPHUCTaHHI HArpiTUX poOOYMX PO3YMHIB 1 MOCHJICHHS 1X
MUWHHAX BJIACTHBOCTEH TPH 0JaBaHHI KaJIbIIMHOBAHOI coau. BiACyTHICTh KOpO3iHHOT i
1HIIOT IIKIJIJTMBOI 71 Ha MaTepiaiu 00po0IrOBaHUX 00’ €KTIB, BUTOTOBJICHUX 3 METaJIB (B T.
4. aJllOMIHIIO), CKJa, TMOJIMEPHUX MaTepiaiiB, TYMH, IEpPEBUHHM, Ha jakodapOoBe i
rajibBaHIvYHE MTOKPUTTSL.

Cnektp aHTHMikpoOHOi aii: Makcucan wMae OakTepuIUaHy (BKIIOYAIOUU
MikoOaKTepii TyOepKynbo3y, Listeria monocytogenes, P. aeruginosa, S. aureus i S. aureus
Methicillin Resistant, Campylobacter jejuni, Escherichia coli, Escherichia coli 0157: H7,
Salmonella enteritidis, Salmonella choleraesuis, Shigella dysenteriae, Klebsiella
pneumoniae, Listeria monocytogenes, Enterococcus faecium Vancomycin Resistant,
Yersinia enterocolitica), Bipyninuany (B T.4. BipyciB remarutie, CHI/ly, repmnecy, rpuiy,
poTa-, KOPOHaBIPYC, 30y/IHUKIB «ITAIIMHOTO TPUIY»), PyHTIIUIHY (ITaTOreHH1 TPUOH 1
LB1JIb) 1 ciopouuiHy Aii. ITpu 3actocyBaHH1 poOOYMX PO3UYMHIB IM1IBUILIEHOI TEMIIEpATypy
AHTUMIKpOOHA aKTHBHICTh PO3YMHIB 3aC00Yy 3HAYHO MOCHITIOEThCS [34].

5.5 OcoOimBocTi MArOTOBKH i crepmiizamii MOKUBHOIO CepeAOBHINA JIA
OJIePKAHHS MOCIBHOI0 MaTepiajly i BAPOOHMYOI0 CHHTE3Y KiJIep-TOKCHHIB

Jns BupoOHHMYOTO OIOCHMHTE3Y KUIIEP-TOKCHHIB BHKOPHUCTOBYETHCS CEPEIOBHUIIE

ckiany (r/m) [13]:

. JpiKIKOBUHM €KCTPaKT: — 3
. CoiiooBHil €KCTpaKT: — 3
. IlenTon: -5
. I'mroko3a: -10

3 3 xoedimieHTOM

Bupobauunii 6iocuHTE3 peanizyoTh y hepMentepi o0’emom 1 m
3anoBHeHHs 0,6. [[iAr0TOBKY MOCIBHOTO MaTepialy MpOXOAuTh Y TpH cTajii (y Konbdax Ha
KaJaykax, B iHoKymsTopi 06’emom 0,11 0,01 m3).

Crepuiizaiiio cepeloBUINa AJisi BUPOIIYBAaHHS MOCIBHOTO MaTepialy B Kojibax Ha
Kadasikax OyJeMo 3/1IiCHIOBAaTH B aBTOKJIaB1, OCKIJIbLKH Horo 00’ eM Heenukuii (0,6 J1), 11

BUPOIIYBaHHS B 1HOKYJSTOpax 1 BUPOOHMUYOro O10CHHTE3y — O€3MOCEpPEeNHbO Yy CaMUX
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anmaparax npu pH 4,4. 3 1mi€r0 MeTO0 HEOOXITHO TependadyuTH y TEXHOJOTIUHIA CXeMi
BIJIMTOBIJTHI JOTIOMIXKHI poO0OTH — mATroToBKY 6%-nx pozunHiB HCI.

Jnst crepuimizaniii  COJIOAOBOTO, APIKIXKOBOTO EKCTPAKTY, TIIIOKO3y Ta MENTOH
MOTPiOHO BUTPUMYBATH B aBTOKIIABI (pexkum ctepuiizamii: 112 °C, 30 xB), micas po3unH
OXOJIOJIKYIOTh Ta (QIIBTPYIOTb.

Takox OKpeMoO ciii IpUroTyBaTH po3uuH SDS, sKuii SBISETHCA  CTUMYISTOPOM
010CHMHTE3y KIIep-TOKCHHIB 1 BHOCUTBCS JIUIIIE HA CTa/lli BUPOOHUYOTO O10CHHTESY.

5.5.1. BupomyBaHHs iHOKYJISITY B KOJI0aX HA KayaJjKax

Crepuitizalliio cepe/IoBUINA JJIsl BUPOIYBaHHS MOCIBHOIO Marepially B KoJi0ax Ha
Kadajgkax OyaeMo 371HCHIOBAaTH B aBTOKJIAB1, OCKiIbKH Horo 00’ em HeBenukuii ( 0,66 ).

[IpoananizyBaBIIM CKJIaJ MOKHUBHOTO CEPEIOBUINA, YMOBHO JIUIMMO MOro Ha Taki
KOMITO3HIIIT (3aJI€5KHO BIJl PEKUMY CTEpPHUIII3allli KOMIIOHEHTIB):

Komno3uuisi A: coiioioBUii €KCTPaKT, APIKIKOBUI €KCTPAKT, ITIOKO3a Ta MENTOH
(pexxum crepumizanii: 112 °C, 0,15 MlIIa, 30 xB).

Po3paxyHok HEOOX1THUX KUIBKOCTEH KOMIIOHEHTIB JJIi IPUTOTYBAHHS CEPEIOBUIIA
JUTSI BUPOIIyBaHHS TOCIBHOTO MaTepialy B KOJ0ax Ha Kayajakax HaBeACHUMN y maoi. 5.5:

Tabnuys 5.5
Kommno3uuii crepuitizanii KOMIIOHEHTIB 1/l BUPOLILYBAaHHSA MOCIBHOTO

Marepiajgy B KOJI0aX HA Ka4aJKax

KomvmmnoneHnT KinbkicTs pas
MOKHBHOI'0 Bwmict, r/n | mpuroryBanus 660 Komno3unii 00’eM koMno3uii V,
cepeaoBHINA MJI cepeloBMINA, T MJI
Co1010BUI €KCTPaKT 3 1,98
JpiKIDKOBUM €KCTPAKT 3 1,98
I'mroxo3a 5 3,3 A 660
Ilerrron 10 6,6
Bona - 660 (M)
Yceboro 660

5.5.2. BupomyBaHHs iHOKYJATY B OCiBHOMY anaparti 00’emom 10 a

Crepunizamis 5,94 11 MOXHMBHOTO CEpEIOBHUINA, 3AIHMCHIOETHCS Y BIAMOBITHOMY

MOCIBHOMY arapari.

Kommno3uuisi A: cooloBuil €KCTPAKT, APIKIKOBUI €KCTPAKT, TIIIOKO3a Ta MENTOH

(pexxum crepwmizanii: 112 °C, 0,15 MlIa, 30 xB).




Po3paxyHOK HEOOX1IHUX KUIBKOCTEH KOMITOHEHTIB JJI MPUTOTYBaHHS CEpelOBUIIA
JUTSI BUPOIIyBaHHS IMOCIBHOTO MaTepialy B MTOCIBHOMY amapari 06’emom 10 1 HaBeneHU y
ma6a. 5.6 Ilpu po3paxyHKy moTpiOHO BpaxyBaTtu 594 mi iHokynary. Tomy o0'em Bojw,
NOTPIOHMI JIsl IPUTOTYBAHHS KOMITO3UIIIN CTAHOBUTH 5,3 1.
Tabnuys 5.6
Komno3uiii crepusizanii KOMIIOHEHTIB /1J151 BUPOLLYBAHHSI IOCIBHOTO

Marepiaiay iHokyJastopi 06’emom 10 a1 (K3 = 0,6)

KommnoHeHT KinbkicTs pis
IOKMBHOI0 Bwmict, r/n | mpuroryBanns 5,94 | Komno3nuii | O06’em kommno3uuii V, J
cepeloBHINA JI cepeloBMIIA, T
ContoioBuit eKCTPaKT 3 17,8
JpiIDKOBHUI €KCTPaKT 3 17,8
I'moko3a 5 29,7 A 4,7
Ilemrron 10 59,4
Bona 4,7 (m)
Konnencar 594 (mr) - 0,594
Ycboro 5,3

5.5.3. BupomyBaHHs iHOKYJIATY B HociBHOMY anapati 00’emom 100 J

Crepumizaniss 54 71 TOXHMBHOTO CEPENOBUINA, 3IMCHIOETHCS Y BIAMOBIIHOMY
MOCIBHOMY amapari:

Komno3uuisi A: cologoBuil €KCTPaKT, APIAKIKOBUIA €KCTPAKT, TIIFOKO3a Ta MENTOH
(pexxum crepumizantii: 112 °C, 0,15 MlIIa, 30 xB).

Po3paxyHok HEOOX1THUX KUIBKOCTEH KOMIIOHEHTIB JJI1 IPUTOTYBAHHS CEPEIOBUIIA
JUTsI BUPOIIYBAaHHSI TIOCIBHOTO MaTepially B MOciBHOMY amapati 06’emom 100 11 HaBeaeHMi
y mabn. 5.7 Ilpu po3paxyHKy noTpiOHO BpaxyBatu 5,4 1 1HOKysATy. ToMmy 06'eM BojW,

MOTPIOHUMN JUIsl MPUTOTYBAaHHSI KOMIIO3UIINA CTAaHOBUTH 48,6 1.
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Tabnuys 5.7

Komno3uuii crepuiizanii KOMIIOHEHTIB /I BUPOLYBAHHS MOCIBHOTO

Marepiaiay iHoKyJasaTOpi 00°emom 100 i (K3 = 0,6)

KommnoHnenT KinbkicTs ais
NOKMBHOI'0 Bwmict, r/n | npuroryBanus 54 1 | Komno3uuii | O6’em komno3uuii V, J
cepeoBHIIA CcepeIoBHINA, T
Con0/10BUI €KCTPAKT 3 162
JIpiKIKOBHIT/ €KCTPAKT 3 162
T'mroxo3a 5 270 A 43,2
[Tenton 10 540
Bona - 42 (m)
Konnencar 5,4(1m) - 5,4
Ycnoro 48,6

5.5.4. BupomyBaHHs iHOKYJATY y ¢pepmenTepi 06’emom 1000 a

Crepunizanigs 500 71 MOXUBHOTO CEpPEAOBHINA, 3IIMCHIOETHCS Yy BIIMOBIIHOMY
MIOCIBHOMY arapari, 1110 ToTpeOye MnepeckiaJaHHs KOMIO3UIIIH TOKUBHOTO CEPEIOBUILA:

Kommno3nuisi A: conoloBUil €KCTPAKT, APIKIKOBUI €KCTPAKT, IIIIOKO03a Ta MENTOH
(pexxum crepwmizanii: 112 °C, 0,15 MlIa, 30 xB).

Po3paxyHok HEOOXITHUX KUIBKOCTEH KOMITOHEHTIB /U1 IPUTOTYBAHHS CEPEIOBHIINA
JUISL BUPOIIYBAaHHS MOCIBHOTO MaTrepiany B MOCiBHOMY amaparti 06’emMom 1M° HaBeneHuil y
mabn. 5.8 Tlpu po3paxyHky moTpiOHO BpaxyBaTu 50 1 iHOKysaTy. Tomy o0'eM BomH,
MOTPiIOHUMN JIsl MPUTOTYBAHHS KOMIO3UIIINA CTaHOBUTH 450 1.

Tabnuys 5.8

Kommno3uuii crepuJiizanii KOMIIOHEHTIB [IJIsi BUPOLLYBAHHSA MOCIBHOTO

maTepiaay iHokyjasTopi 06’emom 1 M3 (K3 = 0,6)

KommnoHeHT KinbkicTs pis
NOKHUBHOI'O BwmicT, /a1 NMPUTrOTYBAHHS Komno3unii | O0’em xommno3unii V, J1
cepeaoBUINA 50041 cepenoBuina,
r
Co10/10BUH €KCTPaKT 3 1500
JpixIDKOBUI €KCTPaKT 3 1500
T'moxo3a 5 2500
Ilenron 10 5000
Bopa - 383(n) A 393
Bona - 6,2 (11)
Konnencar 50(i) - 50
Ycboro 450




5.6.00rpyHTYBaHHs1 BUOOPY po3unHiB A5 peryasuii pH Ta ninoracHuka

Ockisibku Tiporiec hepMeHTaIlil MIOBUHEH MPOXOIUTH 3a Kucyoro 3HadeHds pH (4,4)
[13], To mepen BHECEHHSIM TIOCIBHOTO MaTepiany IMOKUBHE CEPEIOBUIIE i IKHCIIOThH 6%-
uM pozunHoM HCI.

Jlo ckiaay MmoKUBHOTO CEPEAOBUINA BXOSATh KOMIIOHEHTH, SIKi IIPU NIEPEMIITyBaHHI
y 1HOKyJATOpax Ta ¢epMeHTepi OyayTh YTBOpIOBATU MiHy. TOMYy Uil 3MEHILICHHS PIBHS
MiHU MOTPIOHO BUKOPUCTATH MEXaHIYHHUI MIHOTACHUK, a TAKOXK JATYUK SIKUN TOBIOMIISE
Opo piBeHb MiHU. 3aBIASKM BUKOPUCTAHHIO MEXaHIYHOTO IMIHOTaCHUKAa 3MEHIIAThCs
€KOHOMIYHI BHUTpAaTH TMOPIBHSHO 3 BUKOPUCTAaHHSIM OPraHiyHoro abo XIMIYHOTO
MIHOTACHUKA.

OTxe, TEXHOJOTIYHA CXEeMa, OKpIM CTaaiil MIATOTOBKH IOXHUBHOTO

cepeZoBUIIA, BKIIIOYAE TaKl 10JAaTKOB1 CTaAll:

— TIArOTOBKA aepalifHOro MOBITPS Ta OYUCTKA BIANPAIbOBAHOTO;

— JUTsl 3MIITYBaHHS Ta pO3UYMHEHHS KoMmo3uIli A: (50 i);

— I 3MiH_Iy'BaHH5[ Ta PO3YNMHCHHA KOMIIO
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PO3/11 6. CHELIU®IKALIS OBJIATHAHHS

Tabnuys 6.1

Cneundikanis 001a1HAHHSA JUISTHKY TONMOMIiKHUX POOIT Ta BUPOOHUYOTO

O0iocuHTe3y KijlJIep TOKCUHIB

Io3unis

HaiimenyBaHHS

Kinbki
CTh

TexHiuHa xapakTepucTUKa (BHPOOHUK)

1

2

3

4

I13-1

IToBiTpo3abipHUK

1

[oBitpo3abipauk. Bupobnuk: («BeHT
VYerpiit»). Temmnepatypa nositps 10 700 °C;
matepias koprycy: Hepskasitoua crais [1]

O-2

OinbTp rpydoi OUUCTKH
HOBITPS

®dinpTp kaceTHuit ®bB 100. BupoOHuk:
(«Bentey). OinpTpyBanbHUI MaTepia:
HETKAaHOTO MOJIOTHA 13 CUHTETUYHUX BOJIOKOH;
300 m3/ron; rabaputHi po3mipu, Mmm:175 X 233
x 123 [2]

K-3

Kommpecop

Kowmmpecop reunToBuii VS 23 BupoOHuk:
(«Gardner Denvery). [IpogyktuBHicTh: 159
M3/To1; MaKCUMANbHUI POOOUHIl TUCK: [0 Bifl 5
1o 10 6ap; motyxHicTs: 22 kBT; rabaputHi
po3mipu, mm: 1345x880x1612 [3]

TeruiooOMiIHHUK-
OXOJIOKYBAY

[TpomucioBuil IUKIIYHUN pedprkepaTOpHU
ocymryBay GDD40F-4S. Bupobuuk: («Gardner
Denvery). [IpoayktuBHicTh: 324 M3/rox;
noTyxHicTb: 0.54 kBt; rabaputu, Mm: 423 x

567 x 771 [4]

Pecusep

Pecusep. BupoOuuk: («[THEBMOTEXHHKAY).
006’em, 1: 500 51; MakcuMaIbHUM TUCK: 16 Oap;
raGapuTHi po3mipu, MM: 600 x 2110 [5]

TennooOMiHHUK-HaArpiBay

TemnooOMiHHUK TpupsaHUI. BupoOHUK:
(«Roen Est»). MakcumanbHuit pob0YHii TUCK:
1,6 Mlla; nonyctuma Temmeparypa
Boju: 130°C; rabaputHi po3mipu, mm: 740 X
192 x 440 [6]

O-7

["ostoBHMI (iABTP OUMCTKH

CyuinsHoautuit ¢pinetp GDFO82 cepii P.
BupoOnuk: («Gardner Denvery).
[poxykTuBHicTH: 492 M3/ro; MaKCUMATLHUIA
TUCK: 10 17 Gap; MakcUMalibHA TeMITepaTypa
noBitps: 10 80 °C; cTyminp ouHeHHs: 1
MIiKpOH; TabapuTHi po3mipu, Mm: 129 X 409 X
2,36 [7]

M ADK.

Ne gokymeHmay Ilionuc | Zama

HYXT BTEK 04.02.36 KP [13

Po3pobHUK

[ aitiyyk A.P.

KepigHuk

KpaciHbko B.0.

H. KoHmp

KoHcyibm

3a8. Kag.

CmabHikos B.II.

Jlimepal Apkyw | Apkywis
PO3/IN 6. CHEUMDIKALIS L1 27 4

Ob/IAJHAHHA Kagedpa 6TM
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IIpooosowcenns mabauyi 6.1

[HOKYNSITOD

biopeaktop HABITAT cell dw 10 06’emom 10 1 («IKA
Bioreactors»). Matepian kopiycy: 60pocuiikaTHe
CKJIO; MaTepiai KpUIIKH PeakTopa: HepKaBiroua
CTallb; 3a0e31meuye HU3bKi MBUIKOCTI
JUTSL M’SIKOTO 3MIIITYBaHHS KJIITUHHUX KYJIBTYD; 13
JATIUKAMH BUMIPIOBaHHS
pH, pO2, Temnieparypu; MaHOMETD;
rabaputHi po3mipu, MM: 300 x 710 x 300 [8]

1D-9

[HauBiyansHui GiIbTP

CyuinsHonmutuit ¢iasTp GDF013 cepii G. BupoOnuk:
(«Gardner Denver»). [IpogykTuBHIiCTb — 10 78 M/rog;
poboua Temnepatypa 1o 80°C; rabapuTHi po3mipH,
mm: 98 x 280 x 1,07 [7]

P-10

Peaxrop

Peakrop-3mimryBau 06’emom 10 11 («Yeto Machineryy).
Martepian kopiryca: Hep>KaBiroya
CTaJb; OCHAIIEHUI COPOYKOIO Ta MIIIAJIKOIO;
HOTYXHICTh JBUTYHA: 4 KBT; yactora nepemiiryBaHHs
0-63006/xB; rabaputHi po3mipu, mm: 1000 x 1100 x
1550 [10]

H-11

Hacoc nepecranbtuunmit

[Tepucranstrueckuit Hacoc KRONOS («SEKO»).
MaxkcuMmanbHa MOTYXHICTh: 10 2 BT;
OPOAYKTHBHICTB: 10 25 n/rox (0,4 1/xB); BHCOTa
CaMOBCMOKTYBaHHs 6 M; [11]

1-12

InokymnsaTop

biopeaxTop Biostat D-DCU 06’emom 100 1
(«Sartorius»). Matepian kopmycy: HepxKaBitoua
CTaJlb; MOXKJIMBOCTI BUMIpPIOBaHHS 1 KOHTpo:Ito pH,
pO2, remnepaTypH, KaJaMyTHOCTI, IIIHU, TUCKY;
rabaputHi po3mipu, MM: 1950 x 2560 x 1570 [12]

[D-13

[nnuBinyansHuii GinbTp

CyuinsHonutuit ¢pineTp GDF013 cepii G. BupoOHuk:
(«Gardner Denver»). TIpoxykTuBHicTs — 10 78 M/rox;
poboua Temneparypa a0 80°C; rabapuTHi po3MipH,
mm: 98 x 280 x 1,07 [7]

P-14

Peaxrop

PeakTop-3mimyBay 06’emom 500 1 («<TAHJIET»).
Marepian kopiryca: Hep)kaBitoua
CTaJIb; OCHAILIEHUH COPOYKOIO Ta MIILIAJIKOIO;
NoTYXHicTh aBuryHa: 0.75 kBT; yactora
nepeminryBaHHs 36~5300/xB; rabapuTHI pO3MipH, MM:
1150 x 2200 x 950 [13]

JI-15

JIIYUIIBHUK BOIU

JliuunsHUK X0n0aH01 Boau Moxkpoxin KY-1 R160
DN15 («Baylany). Matepian kopiycy: JaTyHb,
MiHiIMaJbHa MOTYXHICTh: 0,33 J1/XB; TUII TIYNIbHHKA!
MexaHIuyHui; podounii Tuck: 1,6 MIla; TemnepaTtypa
Bojiu: 10 50 °C [14]

H-16

Hacoc memGpannuit

MembOpannuuit Hacoc s pigna PHOENIX
(«Fluimacy). nponykruBHicTb: 20 1/XB; BHCOTa
nigiomy 10 70 M; raGapuTHI PO3MIpH, MM:
146x96x165 [15]
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IIpooosocenus mabauyi 6.1

OP-17

depMmeHTep

®epmentep BIO1000 06’emom 1 M3 («Maruti
Engineering Works» - [His). MaTepian: KOHTaKkTHI
neTani 3 Hepkapitouoi ctam 316L 1 30BHIIIHS
oOnuITIoBaHHs 3 HepikaBirouoi ctaini 304; ocHaeHui
O6apOoTepoM, JIIYUITLHUKAMH, COPOUKOI0, TaTYuKoM pH,
pO2, TemnepaTypu; OCHALEHUI IPUCTPOEM ISt
3axucTy Big miny; Mmimanaka 50-400 06/xB; KoedilieHT
3amoBHeHHs 10 0,8; Tuck B cepenuni: 0,4 Mlla;
rabaputhi po3mipu, MM: 890 x 1600[16]

[D-18

[anuBigyansHuit GLIBTp

Cymineaonutaid Gimetp GDFO013 cepii G. BupoOHuk:
(«Gardner Denvery). IlpogykTtuBHicTh — 10 78 M3/rop;
poGoua temneparypa a0 80°C; rabaputHi po3mipw,
mm: 98 x 280 x 1,07 [7]

P-19

Peaxrop

Peakrop-3minryBau 06’emom 10 11 («Yeto Machineryy).
Martepian kopiryca: Hep>KaBiroya
CTaJlb; OCHAIICHUI COPOYKOIO Ta MIIIAJIKOIO;
HOTYXKHICTh IBUTYHA: 4 KBT; yactora nepemiiryBaHHs
0-63006/xB; rabaputHi po3mipu, mm: 1000 x 1100 x
1550 [10]

H-20

Hacoc nepecranbTianuii

[TepucransTrueckuit Hacoc KRONOS («SEKO»).
MaxkcuManbHa MOTYXHICTh: 10 2 BT;
MPOAYKTUBHICTE: 70 25 n/rox (0,4 1/XB); BUCOTA
CcaMOBCMOKTYBaHHs 6 M; [11]

®-21

Cucrema MmeMOpaHHHUX
GbiabTpiB

OinbTpaniiiii cucreMu 1-cexuiiiHa cucremMa.
Bupo6uuk («Microsarty); Marepian: HepkaBitoua
ctanb 316L; matepian GuUIbTPY: HITPAT IETIOI03U

0,2mMkM; rabaputHi po3Mipu, Mm: 176 x 120 x 98 [17].

1) https://rastopi.com.ua/p1298199905-komplekt-dymohoda-diametr.html

2) https://vents-shop.com.ua/kassetnyy-filtr-vents-fov-100/

3) https://compressors.ua/gvyntovi-povitryani-kompresory/esm-vs30-45

4)https://compressors.ual/refryzheratorni-osushuvachi-stysnenogo-povitrya-ta-gaziv/ciklicheskie-

refrizheratornye-osushiteli-gddf-es-s-proizvoditelnostjyu-ot-3-do-4-m3-min

5) https://compressors.in.ua/ua/p1660647301-resiver-500-bar.html

6) https://prom.ua/ua/p864759481-teploobmennik-roen-est.htmi?&primelead=NC4z

7) https://compressors.ua/files/product-id168/21716_Filters_Brochure.pdf

8)https://www.ika.com/en/Products-LabEqg/Bioreactors-pg233/HABITAT-cell-dw-10-

10007652/Technical-Data-cptd.html

9) https://compressors.ua/files/product-id168/21716_Filters_Brochure.pdf
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https://vents-shop.com.ua/kassetnyy-filtr-vents-fbv-100/
https://compressors.ua/gvyntovi-povitryani-kompresory/esm-vs30-45
https://compressors.ua/refryzheratorni-osushuvachi-stysnenogo-povitrya-ta-gaziv/ciklicheskie-refrizheratornye-osushiteli-gddf-es-s-proizvoditelnostjyu-ot-3-do-4-m3-min
https://compressors.ua/refryzheratorni-osushuvachi-stysnenogo-povitrya-ta-gaziv/ciklicheskie-refrizheratornye-osushiteli-gddf-es-s-proizvoditelnostjyu-ot-3-do-4-m3-min
https://compressors.in.ua/ua/p1660647301-resiver-500-bar.html
https://prom.ua/ua/p864759481-teploobmennik-roen-est.html?&primelead=NC4z
https://compressors.ua/files/product-id168/21716_Filters_Brochure.pdf
https://www.ika.com/en/Products-LabEq/Bioreactors-pg233/HABITAT-cell-dw-10-10007652/Technical-Data-cptd.html
https://www.ika.com/en/Products-LabEq/Bioreactors-pg233/HABITAT-cell-dw-10-10007652/Technical-Data-cptd.html
https://compressors.ua/files/product-id168/21716_Filters_Brochure.pdf

10)https://www.alibaba.com/product-detail/5L-10L-20L-30L-small-
batch 62530702235.html?spm=a2700.galleryofferlist.normal offer.d image.272blc43XgkabV

11)https://dosingtech.com.ua/uk/product/peristaltichnij-nasos-seko-kronos-ksfm0025m1000-25-1-god-0-

1-bar-santoprene/
12) https://www.sartorius.com/download/10102/broch-biostat-d-dcu-sbil512-e-data.pdf

13)https://www.alibaba.com/product-detail/304-stainless-steel-reaction-tank-
mixer_1600315082870.html?spm=a2700.galleryofferlist.normal_offer.d_image.724c28da3luyok
14)

15)https://etatronds.com.ua/p1932646245-membrannyj-pnevmaticheskij-
nasos.html?source=merchant center&gclid=CjwKCAIA1MCrBhAoEiwAC2d64fVgNsXG-
ApVvViF3bykivorXTo0rv2bRSzoQJpCwLI3sgTf90gOuShoC80gQAvVD BwE
16)https://www.indiamart.com/proddetail/1000-1-jecketed-fermenter-bioreactor-15553699248.html

17)https://sartorius.com.ua/mikrobiologiya/filtraczijni-sistemi-microsart-dlya-mikrobiologichnogo-

kontrolyu/
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https://www.sartorius.com/download/10102/broch-biostat-d-dcu-sbi1512-e-data.pdf
https://www.alibaba.com/product-detail/304-stainless-steel-reaction-tank-mixer_1600315082870.html?spm=a2700.galleryofferlist.normal_offer.d_image.724c28da3Iuyok
https://www.alibaba.com/product-detail/304-stainless-steel-reaction-tank-mixer_1600315082870.html?spm=a2700.galleryofferlist.normal_offer.d_image.724c28da3Iuyok
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https://etatronds.com.ua/p1932646245-membrannyj-pnevmaticheskij-nasos.html?source=merchant_center&gclid=CjwKCAiA1MCrBhAoEiwAC2d64fVqNsXG-ApvViF3bykivorXTo0rv2bRSzoQJpCwLI3sqTf90gOuShoC80gQAvD_BwE
https://etatronds.com.ua/p1932646245-membrannyj-pnevmaticheskij-nasos.html?source=merchant_center&gclid=CjwKCAiA1MCrBhAoEiwAC2d64fVqNsXG-ApvViF3bykivorXTo0rv2bRSzoQJpCwLI3sqTf90gOuShoC80gQAvD_BwE
https://www.indiamart.com/proddetail/1000-l-jecketed-fermenter-bioreactor-15553699248.html
https://sartorius.com.ua/mikrobiologiya/filtraczijni-sistemi-microsart-dlya-mikrobiologichnogo-kontrolyu/
https://sartorius.com.ua/mikrobiologiya/filtraczijni-sistemi-microsart-dlya-mikrobiologichnogo-kontrolyu/

PO3/I1JI 7. ONMC TEXHOJOI'TYHOI CXEMHM BIOCUHTE3Y KLJIJIEP-
TOKCUHY
Texnomoriuna cxema OiocuHTe3y Kimep-tokcuny Torulaspora delbrueckii

BKJIIOYA€ JIOTIOMIKHI pPOOOTH Ta OCHOBHHMH TeXHOJIOTTYHUN Tporec. Jlo crajiif
JOTIOMDKHHUX pOOIT HajeXaTb: CaHITapHa MIArOTOBKAa Ta MIATOTOBKA aepaliifHOro
MOBITPS, MIATOTOBKA Ta CTEPUIII3allisl MOKUBHUX CEPEIOBUII, a TAKOX MPUTOTYBaHHS
tutpyBasibHOTO are’ry (6%-ii HCI). Cramii OCHOBHOTO TEXHOJOTIYHOTO IPOIIECY
BKJIIFOYAIOTH IiATOTOBKY ITOCIBHOTO MaTepialy Ta O10CHHTE3 KiJlep-ToKcuHy. [35].

JIP 1. Canimapna nio20moexa eupOonuymea

HP 1.1 ITiocomoska mutinuX ma 0e3ingixkysanvruux 3ac00i6

JP 1.2 ITio20moska 6upOOHUYUX nPUMIUEHD

JIP 1.2.1 II]ooenne npuoupanus

[MogenHe npuOupaHHs BUPOOHMYMX NPHUMIIICHb BKIIOYAaE B ce0€ MPOTUpPAHHS
HaHeseH Ta MmiIJIOrH 3a J0MOMOT0l0 BOJIOTHX TaH4ipok [36].

J[P 1.2.2 I'enepansre npubupanms

['enepanbHe nPuOHPaHHS MPOXOAUTH Pa3 HA THXKICHb TA BKIFOYAE OKPIM MiAIOrH
TAKOX MHTTS JBEPEH, CTiH Ta BIKOH. [1iCiast npuOupanHs nmpOBOAATH MIKPOOIONOTIYHMIA
KOHTPOJIb TOBEPXOHB [36].

JP 1.3 ITlio20m0eska 001a0HAHHS Ma OONOMINCHUX MAMepianie

[linroToBKa 0OJIaHAHHS, SK YacTHMHA CaHITAPHOI IMIJATOTOBKM BHUPOOHUIITBA,
cIpsiMOBaHa Ha 3a0e3NeueHHs HEOOXITHOIro PiBHA YHUCTOTH Ta acenTHUYHOCTI. BoHa
BKJIFOYA€ MUTTS Ta CTEPHIIIZAIIO 3HIMHUX YacTUH (By31iB) a00 00poOKy BHYTPIIIHIX 1
30BHIIIHIX TMOBEPXOHb CHEIlaJIbHUMU MHUMHUMH Ta Je3iH(iKyrounMu 3acobamu. L1

MPOIIETyPU BUKOHYIOTHCS TIEpe1 a00 IMicIis TEXHOJIOTTYHOTO TPOIIECy.

HYXT BTEK 04.02.36 KP [13

M Apk. | Ne dokymenma ] [lionuc | Jama

Po3po6Hur< [ agbrgqyx A.P. PO3/I/17. ONNC Jlimepa] Apkyw | Apkywis
geplBHUK Kpacinbko B.0. TEXHO,/IOTIYHOI CXEMM [ | 58 9

. KOHmp
308. Ka. CmabHikos B.TI. TOKCHHY
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JIP 1.3.1 Mumms ma ononickysauHs 001a0HAHHS

Jnia ounineHHs: o0JaJHaHHS Ta KOMYHIKaIii BUKOPUCTOBYIOTh MUMHI PO3UMHHU, SIKI
nigirpiBatote 110 Ttemmnepatypu S55°C. PoGouuit po3umH mnopaetrbcs cucrtemoro CIP
BIJITOBITHO /IO BCTAHOBJICHOTO PEXUMY MUTTS: 15 XB mpomuBaHHs, 30 XB MUTTSI pO3YHHOM,
15 xB omosickyBaHHS. MUIHUI PO3YMH LMUPKYJIIOE 1 MMOBTOPHO BUKOPUCTOBYETHCS IS
OUYMINICHHS HACTYMHOTo 00najaHaHHs. [1icig KUTbKOX HMKJIIB MUTTS BIANPAaIlbOBaHI MHUMHI
PO3YHHU Ta BOJIa HAMPABJIAIOTHCSA Ha yThimi3zaiito [36].

JIP 1.3.2 Texniunuii o2ns0

[licns ouMIIEHHS Ta OMNOJICKYBAHHS €MHOCTHOTO OOJaJHAHHS MPOBOJAATH MHOro
TEXHIYHUM OTJIAJT 3 METOI BUSIBIICHHS MOXJIMBHUX HEHIUIBHOCTEH y KOMYHIKAI[ISX Ta
3amipHii anmapatypi Ha oOJajHaHHI. Y pa3i BUSBIECHHSA TaKUX HEIILJILHOCTEH BUKOHYIOTH
MIATATYBaHHS p13b00OBUX 3'€IHAHbD.

JIP 1.3.3. Ilepesipka na cepmemuynicmo

€MHicHe oOnaHaHHS MEPEBIPAETHCA HA repMeTUUHICTh Tipu TUCcKy 0,05-0,07 Mlla.
Axmo Tuck He mamae npotaromM 30 XBUIWH, 00JIalHAHHS BBAXAETHCS T'€PMETUYHUM. Y
BUITAJIKY criocTepekeHHs nafainusa Tucky Ha 0,001 MIla i 6inbiie, oOnagHaHHS BBaXKAETHCS
HE T€PMETUYHHM 1 MPOBOJUTHCS MOIIYK MiCls BUTOKY. DiaHIeBl 3'€IHAHHS 1 3BapH1 ILBU
OMITIOIOTh PO3YMHOM TOCHOAApChKOro Muia mif TuckoM moBiTps 0,05-0,07 MIla mns
MEepEeBIPKU HAa TePMETHYHICTh. HasiBHICTH BUTOKY MOXE CBITYUTH MPO TOSIBY Oyibh0aIiok
MOBITPSL.

JIP 1.3.4. Cmepunizayis 061a0HaHHS

Jlnst crepuiizaiiii anapara, CoyaTKy MoAal0Th nap 1 HarpiBatoTh oro g0 80-90 °C.

BiakpuBaroTh BCIO 3allipHy apMaTypy Ha BIAKPUTHX TPYOHHX 3aKIHUEHHSX Ta IMiIBEICHUX
710 amapara KOMYHIKaIlisiX 1 HampaBIIAIOTh Map MpsMo 110 anaparta. B 1eit yac 060B's13K0BO
BIJIKpDHBAIOTh BEHTWJIb JIUI BHJIAJICHHS TOBITPS 3 amapara. [Ipu ToCsATrHeHHI TeMmeparypu
crepwmizariii (130-135 °C) Bcro 3amipHy apMarypy, KpiM TapoBOi, 3aKpUBAIOTh 1
YTPUMYIOTH TIpoTsroM | roaunw. [licis 1bOTo 3aKpUBaIOThH MAPOBY apMaTypy, MOIAI0Th B
amapar CTepHJIbHE TMOBITPS, @ B COPOYKY - XOJIOAHY BoAy. lIporec oxoyomKeHHs
3MIACHIOITH 10 AocsarHeHHs Temneparypu 30—40 °C 1 nagmmmkoBoro tucky P = 0,003 —

0,005 MIla
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/[P 1.4 I[liocomoexa 0052y nepconany

[TpanHs, MONOCKaHHS 1 CYNIIHHA OASTY MPOBOAATH B MpaibHIM MamivHI 3TiTHO 3
THCTPYKIIi€t0. JI71s MpaHHs BUKOPUCTOBYIOTh CHHTETUYH1 MUIOY1 3aCO0U /1711 aBTOMaTHYHHX
MpaJIbHUX MAIIMH, [0 XapaKTePU3YIOThCS HU3BKUMHU IMHOYTBOPIOIOYUMH BJIACTUBOCTSIMH.
Opsr 3aBaHTaXyIOTh B IMpajibHy MAIlMHY, 3aJUBalOTh BOJAY OUHUIIEHY, MPOQIILTPOBAHY
yepes MeMOpaHHUM PUIBTP 3 po3MipoM mop 5,0 MKM 1 3acUNaloTh MUIOUNH 3aci0. Ha koxeH
KUTOTpaM oOJATy TOBHMHHO TMpHManaTd He MeHme 10 1 po3urHy MHIOUOTO 3aco0y.
PexomennoBana temmneparypa s 3Mimanux TkaHuH 30-35°C, mis veinony — 50-55 °C,
s nonieipaux TkanuH — 60—67 °C.

[Ticns 3akiHUYEHHSI TPaHHS OJIAT CI1J KUIbKa pa3iB npomnosiockatu npotsarom 20—-30 xB
y BOJ1 OYMINIECHIN, MpodUIbTpOBaHIN yepe3 MeMOpaHHU GIIBTP 3 MOpaMU PO3MIPOM HE
outbmIe 5,0 MKM, CIIOYATKY — TEIJIO0, MOTIM — XOJIOJTHOIO BOJIOKO.

[IpocymieHuii TEXHOJOTIYHMM OJAT YKJIaJal0Th B MIIMIOK JIJIsS CTepHIIi3arlii,
HAKJICIOIOTh 1HAMKATOp CTEpWIII3allii 1 CTEPUII3yIOTh B IMAPOBOMY CTEPHIII3aTOpi MpH
temnepatypi 120 + 1 °C, magmipaomy tucky 0,10-0,11MIIa nporsrom 45+1 xB [37].

[P 1.5 Ilioecomosxa nepconany

[TinroToBKa mepcoHally BKJIFOYAE MEUYHI OTJISIAM, IOMYCK 10 POOOTH, JOTPUMAHHS
TITIEHIYHUX BUMOI JI0 TMPAIiBHUKIB, BUKOPHCTaHHS 3aXHCHOTO OJSATy, HaBYaHHS Ta
ynpaBiiHHS 3HaHHsAMU. [lepen moyatkom poOOTH MEpCOHA MOBUHEH MPOWTH HAaBYAHHS,
aTeCTallll0 TaCaHITAPHO-TITIEHIYHY MIATOTOBKY, a caMe€ MUTTSA pPYK TyaJeTHUM abo
rocrofapcbkuM MujoM Ta fAe3iHdikmiro  70%-uM  eTunoBUM  coupToM. Takoxk
000B‘SI3KOBUM € HasIBHICTh MEIMYHOTO XaJlaTy Ta mamnouku [37].

JIP 2. Iliozomoeka aepauiiinozo nosimps

I[P 2.1. 3ab6ip ammocgeproco nosimpsi

ATtMocdepHe moBITps 3a0UparoTh 3a JOMOMOTIOI0 CHEIIabHOTO arnapara Jjis 3a00py
noBiTps (I13-1), po3ramoBanoro Ha HaWBwImii Touli OymiBmi Ha BucoTi 10 meTpiB, 3
00J1aTHaHHAM JJIsl CTHCHECHHS Ta OYMILCHHS 310paHOro MOBITPS.

[P 2.2. Ilonepeoune ouuwernns nogimps 8io epyoux uacmox
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[lepBrHHE OYMIIIEHHS BUKOHYETHCS 33 TOMOMOTO0I0 (pistbTpa rpydoro ouuntieHHs (D-
2), akuil rapaHTye e(eKTUBHICTb OYMINEHHS Ha piBHI 85% Ta yTpUMye€ YacCTHUHKHU 3
niameTpoM 50 MiKpoMeTpiB.

[P 2.3. CmucnenHs nogimpsi

[ToBiTps mianarTk mpoiiecy ctucHeHHs y kommpecopi (K-3). ITix gac uporo nporecy
MOBITPS HATPIBAETHCS 10 TeMmepaTrypHoro aianazony 120-200 °C, a TUCK ocsirae 3HAYEHHS
0,35 MIla.

[P 2.4. Oxono0oicenHss nogimpsi i UOALEHHsL 3aLl80I 80102U

CruchHene noBitps (Big AP 1.3) 3a 4OMOMOr0I0 TeMI000MIHHUKA-0X0J0KyBada (T-
4) Oxonomkyerbes o Temnepatypu 25-30 °C HaagmipHa Bojiora eKCTparyeTrbes depes
pecuBep (P-5), mpu 11boMy 10CsTaeThess piBEHL BOJOTOCTI MOBITPs B Mexkax 60-70%.

JIP 2.5. Haepisauns nogimpsi

Oxomnopxene noBitpst (Big /P 1.4) HanxoauTh 10 TeriooOMiHHKMKa-HarpiBada (T-6),
ne HarpiBaeTbcsi o0 Temmeparypu 45-50°C. Ha manomy erami MNOKa3HHUK BOJIOTOCTI
sMeHmyeThes 10 50%.

J[P 2.6. Ouuwernns nogimps y 20108HOMY hinbmpi

[Ticns HarpiBanHs nositps (Bia AP 1.5) oro HampaBJSiOTh 10 TOJOBHOTO (ijibTpa
ountenus (®d-7), poszramoBaHoro Oins BigauieHb (epmenrtamii. Ha 1mpomy erami
e(hEeKTUBHICTb OYMIIICHHS CTAaHOBUTH 95%.

I[P 2.7. OuuwenHs nosimps  inougioyaibHomy Qitbmpi

[ToBitps (Bix /[P 1.6) TpaHCIOPTY€EThCA Uepe3 TpyOoonpoBoau O6e3mocepeTHbO Yyepe3
inauBinyanpHi uteTpu  (ID-9, [D-13, [D-18), po3milieHUuX Ha KOKHOMY THOKYJISATOPI JI0.
Ha npomy erami piBeHb KIHLIEBOTO OYHUIICHHS NOBITPps focsrae 99,999%.

AP 3. Ilpucomyeannsa mumpyseaibHo20 pO3YUHY 014  RIOMPUMAHHA
onmumanvhiozo piens pH 6 nocienomy anapami 06’emom 10 1, 100 n, 1 m®

P 3.1. I[Ipucomyearnns cmepuivnoco 6% po3uuHy Xa10puoHoi KUCI0mu 05 NOCIBHO20
anapamy 06 ’emom 10 1

Jns nmpuroryBanns 15 mun 6%-ro po3unny HCl y konby oG'emom 50 miu 3a
JIOTIOMOTOI0 MIPHOTO IWIiHApPa 00’eMoM 25 M BHOCITH 12,5 Ma cTepunbHOI BOAM 1

J0Ja0Th MPH TOCTiHHOMY nepemimtyBanHi 2,5 mi 36%-i HCI, mo BimMipsieTbesi MipHOTO
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MIMEeTKO0 00’ eMoM 5 Mi1. PimnHn 000B’I3K0BO 3MIIITYIOTh B TAKOMY MOPSIAKY, & HE HABMAKH
3 METOI0 YHUKHEHHS CHJIbHOI €K30T€PMIYHOT peaKiii.

P 3.2. [Ipucomyeanns cmepuivHozo 6% po3uuHy X10pUoOHoi KUCIOMU 01 NOCIBHO20
anapamy 06 ’emom 100 1

Jns npuroryBanas 110 mn 6%-ro po3unny HCl y konOy o6'emom 250 mi 3a
JIOTIOMOTOI0 MipHOTo muiIiHapa 06’emom 100 mur BHocate 91,5 mu cTrepuiabHOI BOIM 1
J0JTat0Th TIPH MOCTiHHOMY TiepemintyBadHi 18,5 mir 36%-i HCI, mo BigmipseThcss MipHUM
UAIiHApOM 00°eMoM 25 mul. PimuHu 00OB’SI3KOBO 3MINIYIOTh B TaKOMY IOPSIKY, a HE
HaBMaKH 3 METOI0 YHUKHEHHS CUJIbHOT €K30TEPMIYHOT peaKiiii.

/P 3.3. [lpueomyeanns cmepuivno2o 6% po3uuny X10puoHoi KUCI0mu 015 NOCIBHO20
anapamy 06 'emom 1 m®

s npurorysanss 1000 mi 6%-ro po3unny HCl y kon0y 06'emom 2 11 3a 101TOMOTo10
MipHOTO IiHaApa 06’emom 1000 mur BHOCATH 832 MIT CTEpUIIBHOT BOJU 1 JOAAIOTH IIPHU
noctiiiHoMy mnepemintyBanHi 168 i 36%-1 HCI, mo BigMipseThcsi MipHHM IHTiHIPOM
00’emom 250 mi1. P1iuHu 000B’13K0BO 3MIIIYIOTh B TAKOMY MOPSAKY, @ HE HABIIAKH 3 METOIO
YHUKHEHHS CHUIBHOI €K30TEPMIYHO1 PEeaKIlii.

JIP 4. Ilpucomyeanns i cmepunizayisi ROMCUBHUX CEPeVosULY

JP 4.1. [lpueomysanns i cmepunizayis NOACUBHO20 cepedosUa Ol GUPOUL)EAHHS
[HOKYIAMY 8 KON0ax HA Kauaikax

Po3paxyHOK HEOOXIIHMX KUIBKOCTE KOMIIOHEHTIB AJid MNPUTOoTyBaHHS 660 wmi
CepeloBHUIIA ISl BUPOIIYBaHHS MOCIBHOTO MaTepiaay B K00ax Ha KadyallkaxX HaBEJICHUN Y
ma6a.5.1 (po3ain 5).

JIP 4.1.1. [Ipueomysanus i cmepunizayis komnozuyii A

Ha TexHiuHMX Barax y momnepeaHbo BiATApOBaHIi CKISHIN 00’ eMoM S50 MIT 3BaXyIOTh
KOMIIOHEHTH TOKMBHOTO cepenoBuia: 1,98 r conomoBoro excrpakry; 1,98 r apixmKoBoro
eKCTpakTy; 3,3 T rmoko3u 1 6,6 r nentony. HaBaxxku nomimarots y kojdy o0’emoM 1 11, Ta
nonarTh 660 M MUTHOI BOAM, 3a JOMOMOrow MipHoro ImwrHzapa Ha 1000 mu, Ta
nepeminnyoTh. I1icas uboro 3akpuBarOTh KOJ0Y BATHO-MapJ€BUM KOPKOM 1 CTEPUITI3YIOTh

B aBTOKJIaBi npu Temnepatypi 112 °C npotsrom 30 xB.
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I[P 4.2. [Ipueomyeanns i cmepunizayiss NO#CUBHO20 cepedosua O 8UPOULYBAHHS
[HOKYIIMY 8 THOKYAmopi 06 emom 10 1

Po3paxyHOKk HEOOXITHUX KUIBKOCTEH KOMIIOHEHTIB JUIsi MPUTOTyBaHHA 5,94 1
Cepe0BHINA I BUPOIIYBAaHHS MTOCIBHOIO MaTepially B KO0ax Ha Kadyajakax HaBeJACHUU y
ma6:1.5.2 ( po3ain 5).

JIP 4.2.1. IIpueomysarnns i cmepunizayis komnozuyii A

Ha TexHiuHUX Barax y nornepeaHbo BiATapoBaHii CKISHII 00'eMoM 250 M 3BaXKyIOTh
KOMITOHEHTH MOXKUBHOTO cepenoBuilia: 17,8 r coo10BOro eKCTpakry, 17,8 T IpihXIKOBOTO
eKCcTpakTy, 29,7 v rmoko3n Ta 59,4 r nmenrony. [l momepenHBOrO PO3YMHEHHS
KOMITOHEHTIB iX MOMILIAIOTh y CTEpHIIbHY Ko0JIOy 00'emoM 1 i1, mogators 0,5 1 Bomm (i3
3arajJbHOTO 00'€MY) 1 PO3MINIYIOTH /IO MOBHOTO po3urMHEHHA. [loTiM oTpuMaHuii po3uuH
MEepPEeKavYyTh CaMOIUIMHOM Yy 1HOKyATop 00'emoM 10 1 (I-8), nomarots 4,1 1 pemru Boau
Ta crepwiizytoTh npu 112 °C npotsrom 30 XB, Mojawuu TocTpy napy 1 IiiyXy napy B
copouky iHOKynsaTopa. Jam nmoxarots 6%-i po3und HCI (Big AP 3.1.) no mocsruenns pH
4.4,

P 4.3. [lpueomysanns i cmepunizayis NONCUBHO20 cepedosuua Ons GUPOUL)8AHHS
iHoKynAmYy 8 iHoKysimopi 06 ’emom 100 1

Po3paxyHOKk HEOOXITHUX KIJTBKOCTEH KOMIIOHEHTIB JUIsi TMPUTOTYBaHHS 54 1
CepeloBHUIIa ISl BUPOIIYBaHHS MOCIBHOTO MaTepiaiy B K00ax Ha Kadallkax HAaBEJICHUN Y
ma6n.5.3 (po3ain 5).

JIP 4.3.1. Ilpueomysarnns i cmepunizayis komnozuyii A

Ha texHiuHMX Barax 3BaxyrTb 162 T' COJ0J0BOr0 €KCTpakTy; 162 r apixkaKoBOro
exctpakry; 270 r rmoko3u 1 540 1 nenTony.

Jlist omepeHbOT0 PO3YMHEHHS KOMITOHEHTIB HABAXKKY TMOMIMIAIOTh B PEAKTOP
0o6’emoM 10 1 (P-10) Ta momaroTh 7 J1 MUTHOI BOJM 13 3arajbHOro 00’€My, BKIIOYAIOTh
MIIIAJIKY JJIs TIOBHOTO PO3YMHEHHS KOMITOHEHTIB. OTpUMaHHWil PO3YHMH MEpPEKavyyrTh
nepectanbTiaHUM HacocoM (H-11) B iHokymsTop 06’ emom 100 i1 (I-12) micnst woro q0/1at0Th
3JIMIIIOK BOJAM Ta cTepmini3ytoTh npu 112 °C, 30 XB 3 0JHOYACHOIO MTOJAYEI0 TOCTPOI Mapu
1 TIyxoi mapu y copodKy iHOKyJsiTopa Ta aoaartb 6%-it pozunn HCI (Bix /P 3.2.) no

nocsirHenHs pH 4.4,
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I[P 4.4. Ilpueomysanus i cmepunizayis NONCUBHO20 cepedosuyd 0 GUPOUYBAHHS
inoxynsamy 6 inokynsmopi o6 emom 1 m®

Po3paxyHOK HEOOXiIHHUX KUIBKOCTEM KOMIIOHEHTIB i mnpurotyBaHHs 500 1
CepenoBHUIIa JJIsI BUPOIYBAaHHS IMOCIBHOTO MaTepiaay B K010ax Ha Kadajkax HaBEICHUU Y
ma6n.5.4 (po3ain 5).

JIP 4.4.1. IIpueomysarnns i cmepunizayis komnozuyii A

Ha Texniuanx Barax 3Baxkytoth 1500 T coogoBoro ekctpakty; 1500 T api>kIKoBOTO
ekcTpakTy; 2500 r rmoko3u 1 5000 r menrtony. /g momepemHBOro PO3UMHEHHS
KOMITOHEHTIB HaBa)XKy nominiatote B peaktop 006’emoM 500 i (P-14) ta nomarots 383 1
MIUTHOI BOJM 3a J0MOMOroro JiumibHuka Boau (JI-15) i3 3arampHOro 00’eMy, BKIIOYAIOThH
MIIIAJIKY JJIsi TIOBHOTO PO3YMHEHHS KOMITOHEHTIB. OTpUMaHHil pO34YHMH MEpPEKavyyrTh
MeMOpannuM HacocoMm (H-16) y dpepmentep 06’ emom 1 M3 (®OP-17) Ta cTepuitizyroTh mpu
112 °C, 30 xB 3 0JIHOYACHOIO MTOJaUYEI0 TOCTPOI IapH 1 ITyX01 MapH y COPOUKY pepMeHTepa
ta nonarTth 6%-i po3unn HCI (Bix 4P 3.1.1) no nocsruenns pH 4.4,

JP 4.4.2. Ilpueomysanns i cmepunizayis komnosuyii b

Y crepwibHUX yMOBax NOTPIOHO TPHUTOTyBaTH po3uuH SDS, sKuil SBISE€THCS
CTUMYJIATOPOM OIOCHMHTE3Yy KUIep-TOKCHHIB. Ha TexHIYHMX Barax y MOINEpPEaHbO
BiITapoBaHii ko001 06’eMom 2 11, moTpioHO 3BakuTH 1000 rp HaTpiit momenuicynbdar.
J1J1st monepeIHbOro PO3YMHEHHS HABAXKKY IMOMIIIAIOTh B CTEPUIIbHUI peakTop 06’ emom 10
1 (P-19) ta monaroTh 7,7 71 MATHOT BOMH, 13 3arajibHOT0 00’ €MY, Ta pO3MIIITYIOTh J0 TIOBHOT'O
PO3YMHEHHSI.

TII 5. ITiozomoeka nocienozo mamepiajy

TII 5.1. [TiompumanHs KOAeKYiUHOL Ky1bmypu

Konekmiiiny ynsTypy Torulaspora delbrueckii 306epiratote y mpoOGipkax 3i
CKOILIGHMM arapoM Ha OCHOBI JAPDKJIPKOBOIO EKCTpakTy 3a temmepatypu 4 °C vy
xonmomuibHUKY. IlepeciBu 37iiicHIOIOTE KOXHI 3—4 Micsri. Bei po6oTH 3 KONEKIIHHOIO
KYJIBTYPOIO TPOBOJIATHCS CTPOTO B ACENTUYHUX YMOBAX.

TII 5.2. Ooeporcanns pob6o4oi Kyibmypu

Konekuitiny kynerypy Torulaspora delbrueckii, mo 36epiraerscst y mpobipkax 3

BKkazaHuM cepenoBuiieM (777 5.1), po3ciBaroTh mnetier0 Ha ydamku lleTpi 3 ApiXIKOBO-
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MENTOH-ICKCTPO3HUM arapoM i OJEp’KaHHsS 130JhOBAaHUX KOJIOHIA. BupomyoTts B
tepmocTaTi npu Temnepatypi 30°C Ta 36epiratots npu 4°C 10 noTpedu.

TII 5.3. Bupowysanus iHOKYIamy y npooipKax Ha azapu3o8anux cepeoosuyax

OTtpumMani i30p0BaHi koJioHii Torulaspora delbrueckii i3 wamoxk Ilerpi (Bin 771 5.2)
NepeciBaloTh IMETJICI0 B NPOOIPKM 31 CKOIICHHM JPDKIKOBO-TIENITOH-IEKCTPO3ZHUM
arapy3oBaHUM CepeoBHINEM (OAHA 130JbOBaHA KOJIOHISI BUKOPUCTOBYETHCS JIS 3aCIBY
onHi€el mpobipku). TpuBamicTh KyJIbTUBYBaHHS CTAHOBUTH 72 T0J npu Temmepatypi 30 °C.

TTI 5.4. Bupowysanus nocisHo2o mamepiany 8 Koi0ax Ha KauaiKax

B acentuunux ymoBax y koja0y 06’emoM 1 11 31 CTepuiIbHOI0 KoMmo3ulliero A (Bia [P
4.1.1) nonaroth crepuiabHuil 6%-i pozunn HCI (Bix /[P 3.1), noBoasiun pH cepenopwuima
10 4,4. Po3unH nepemimyroTh 1 po3IuBaioTh 1o 132 My 5 CTepHIIbHUX KadyallOYHUX KOJI0
00’emom 750 muL.

VY npobipky 3 podouoro kynberyporo Torulaspora delbrueckii (Bing 777 5.3) BHOCATB 5
MJI (Pi310JIOTIYHOTO PO3YMHY, CYCHEHIYIOTh KIITHHU, BIAOUPAIOTh CTEPUIIHLHOIO MINETKOIO
OJIepKaHy CyCIEH3110 IPIXKIKIB 1 BHOCATh y Ka4aJ0uH1 KOJIOU 13 TO)KUBHUM CEPEJIOBUIIIEM
Ta 3aKpUBAIOTh BaTHO-MapJieBUM KoOpkoM. OpjHy mpoOipKy 13 CYCHEH31€H0 KIITHH
BUKOPUCTOBYIOTH ISl 3aCIBY OJIHI€T KOJIOU.

KynbpTuBytors Ha kauankax (150 06/xB) npu Ttemnepatypi 30°C ympomoBxk 48 rof,
MICTSL YOTO 3IHCHIOITh MIKPOOIOJIOTIYHUI KOHTPOJIb Ta BU3HAYAIOTh KOHIIEHTPAILIIO
O6lomacu 3a ONTHUYHOI TYCTUHOIO.

TII 5.5. Bupowysanus 6 inokyasamopi 06 ’emom 10 1

VY inokynstop (I-8) o6’emom 10 1 3 xommnoswuiiero A (Big /P 4.2.1) nonaioTh
tutpyBaiabHuil 6%-it po3unn HCI (Big AP 3.1), noBoasun pH cepenopuma o 4,4. Ilicns
MIAKUCIICHHS CePEeIOBHIIA, Yepe3 3acCiBHY KOJIOY BHOCSTH MoCiBHUIA Matepiai (Bix 717 5.4)
KynpTuBytots npu temneparypi 30°C ynponoxk 48 ro.

3 mepioanYHICTIO (KOXHI 8 roa) BimOuparoTh Mpoly KynbTYpaidbHOI PITUHU JUIS
MIKpOO10JIOTTYHOTO KOHTPOJTIO Ta BU3HAYCHHS KOHIIEHTpaIlii 6ioMacH, JHKepesl BYTJIeleBOro
1 @30THOT'O JKUBJICHHS.

TII 5.6. Bupowyysanns 6 inoxyasamopi 06 ’emom 100 1
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VY inokynsatop (I-12) o6’emom 100 i 3 kommosumiero A (Big /[P 4.3.1) nomaroth
tutpyBanbHU 6%-1 pozunn HCI (Bix 4P 2.2), noBoasiau pH cepenosuiia a0 4,4.

Yepes TpyOy mepeTUCKYBaHHS MOAa0Th 3 iHOKYyJsATopa (I-12) mociBHuii Marepiai
(Big TI1 5.5). KyneruBytotrs npu temnepatypi 30°C ynpomosx 48 ron Koxui 7-8 rof
BIIOMpalOTh Mpo0y 1 3IIMCHIOITh MIKpOOIOJIOTIYHUM KOHTPOJIh Ta BH3HAYalOTh
KOHIIEHTpaIlif0 6ioMacH, IXKepelt BYTJIeLEBOTO Ta a30THOTO KUBJICHHS.

TII 6. Bupoonuuuii 6iocunmes

TTI 6.1. Bupowgysanus Kynomypu é pepmenmepi 06 evom 1 m®

YV Bupo6uuunii pepmentep (OP-17) 06’emom 1 M3 3 xomnosumiero A (Big JP 4.4.1),
nojaroTh 3amacHuid  6%-# pozunn HCI (Bix 4P 3.3), noBojsum pH cepenosuiia o 4.4.
Yepes TpyOy mepeTHCKyBaHHS MoAa0Th 3 iHOKysAaTopa (I-12) nociBuuit matepiain (Big 777
5.6). Iicns 4-ox roauH KyJIbTHBYBAaHHS 3a JIOTIOMOTOIO IepecTanbTuaHOoro Hacocy (H-20)
noaarTh kommnoswuiito b 3 peakropa (P-19), sika SBIAETbCS CTUMYIATOPOM OiOCHHTE3Y
kiep-TokcuHiB. Ilicias doro kynpTUBYIOTH Ipu Temrepatypi 30°C ympomoBxk 72 TO.
[lintpumanns pO, HaA 3agaHOMY PpIBHI 3JIACHIOIOTH PETYJIOBAaHHAM IMIBHUIKOCTI
nepeMilTyBaHHs 1 piBHS aepailii (BUTPATU CTEPHIIBHOTO aepariiftHoOro MOBITPS).

3B 7. 3newuko0xcenna 6i0xo00ie

3actocyBanns ouncHoi crnopyau CIIb 6 (PROMTEHVOD, Vkpaina) — naus
3HEIIKOJKEHHS CTIYHUX BOJI B/l mMpomucioBoro Bupoouunrea (Bix AP 1.2.1, 1P 1.2.2, /IP
1.3.1), moGyToBux Ta atMocdepHuX. OUUIICHY BOAY CITyCKAaOTh B KaHAJI3aIlilo.

Bukopuctanns rosioBHUX QIUIBTPIB, MO0 HAYTh Y KOMIUIEKTI 3 iHOKYJsiTopamu (1-80,

[-12) ta ¢depmentepom (Dp-17). nnas oOUMINEHHS BIANPALBOBAHOIO MOBITPS.
OuniiieHe MOBITPS MOTpAILIsie B aTMOchepy.

3HEmKOoKEHHsT 610MacH, TBEPJUX BIAXOAIB HAa (IIbTpaxX, HEMPUAATHUX XIMIUYHUX

PEaKTHUBIB Ta THIITUX BIJXOIIB.
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PO31JI 8. KOHTPOJIb BUPOBHUILITBA

KynbTuBYBaHHS IpKIKIB MPOXOAUTh B ACENTHUYHMX YMOBAaX, 1 3 LIbOIO MOXXHA
3poOMTH BUCHOBOK 1 CKa3aTH, II0 € HEOOXITHICTh y MPOBEACHI MIKpOOIOIOTTYHOTO
KOHTPOJII0O Ha YCIX eTanax IPOMHCIOBOTO BHUPOOHMIITBA, IIO0 MEPEKOHATUCS VY
BIJICYTHOCTI KOHTaMiHaTiB. BIpo10oBX KyIbTUBYBaHHS MIKPOOPTaHi3My KOKHI 8 TOJTUHU
BiIOMpaloTh Mpo0y KyJAbTYpalbHOI PIAMHUA JUIS MIKPOOIOJOTIYHOTO KOHTPOJIIO
MOKUBHUX CEPEOBHIL, MOCIBHOTO MaTepially, a TaKOX BHU3HAYAIOTh KOHIICHTPAILIIO
OlomacHu, JpKepelia BYTJIEIIo Ta a30Ty Y CepPEIOBHIILIL.

BiniOpani 130T CyOKYyJbTHBYBAJIM METOJOM IITPUXOBOI IJIACTUHU HA YalllKax 3
HpixmxouM maniTosioBuM arapoM (YMA) ta iakyOyBanu npu 30 °C npotsirom 48
TOJIMH, 00 NEPEBIPUTH IXHIO YUCTOTY.

[linroToBKa BHUXITHUX KYJIBTYp: BHUXIJHI KyJbTypH TOTYBajdud HACTYIHUMU
CIIOCOOOM:

OuwineHi 130J159TH, SKI TUISATadd  3aMOPOKYBAaHHIO, BUPOIILYBAJIM MPOTITOM
npubau3Ho 24 rogun B 1 min PDB (OynbiloHy KapTOIUISIHOI AEKCTpO3W) y (iakoHi
o0’emom 5 mu nepen pogaBanHaM 400 Mk 60% po3uuny riuinepuny y Boai. IloTiM mmi
drakoHu 1006pe cTpyuryBaiu, Moo nepemMimaTy, a motiM 36epiramu npu -20 °C.

8.1 Inentudikanis i30a9TiB APiKIKIB

[nentudikaiito IpHKIXKIB 0 BUAOBOTO PIBHSA MPOBOAMIA HA OCHOBI CTaHJAPTHHUX
KyJIbTYpaTbHUX, MOP(OJIOTIUHUX 1 (1310JI0T0-010XIMIYHUX TECTIB.

KynbTypanbHi XapakTepUCTUKH 130JISITIB  JAPDKIKIB  MPOBOJMIM  LUISIXOM
IITPUXOBOTO KYJIbTHBYBAaHHS 130y14TiB Ha vamkax YMA Tta inkyOyBanu npu 30 °C
poTarom 48 TOAMH, a MOTIM CITOCTEPIrain 3a TAKUMH XapaKTePUCTUKAMU KOJIOHIH:

o @opma: dopmMu 130Jb0BAHUX KOJIOHIM OyJIM 3apeecTpoBaHl K Kpyrii ado

HEIPaBUJILHI.

HYXT BTEK 04.02.36 KP [13

M ApK. | Ne gokymenma ] Ilionuc | Jama

Po3pobHuk | lailiyyk A.P. Jlimepa| Apkyw |  Apxywis
KepigHuk Kpacitbko B.0. PO3/I/1 8. KOHTPO/Ib ] 67 12

H. KoHmp :

RoHCysibm BMPOBHMLITBA Kagedpa 6TM
3a8. Kag. (mabHixos B.II.
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e  Kouip: xomip O6yB 3apikcoBaHMif IK KPEMOBUM, KpeMOBO-011nit a00 O1Hil.
e  Kpaii: kpaiil 130Jp0BaHUX KOJIOHIN OyB 3apeecTpOBaHUM SK IUINH, 3yOUacTuii,
JonaTteBuil ab0 XBUIISICTHIA.
e  Hempo3zopicTe: HENMpO30piCTh 130JbOBAHUX KOJIOHIA PEECTPYBAIM  SIK
HEMPO30py, HAIMIBIPO30py a00 MPO30py.
e [ligiioM: migifoM peecTpyBaBcCs SIK MITHATUM, ONMYKJIUK a00 MyIKOBUH.
o [losepxwns: [loBepxHs Oyia 3amucaHa sik IOPCTKa a0o riaaKa.
e  KOHCHCTEHIIIS: KOHCUCTEHIIIIO 3apEECTPOBAHO SK B 513Ky [38].
8.2 Mopdosoriuyna xapakrepucTUKa
Jlnst Bu3HaueHHS MOpGOJIOTii APDKIHKOBUX KIITHH 1 TUITY PO3MHOMKEHHS KYJIbTYpH
JOCIIKYBaJIA MIKPOCKOITIYHO. BereratuBH1 KJIITHHU CHIOCTEpIraliy micis 3 JHIB 1HKyOarii
npu 30 °Cy cepenosuiii YMA. Iliciig yoroaasi KINITHHA CYOKYJIbTUBYBAIH IIOMICSLS JJIs
NePEBIPKU JKUTTE3MATHOCTI [39].
[Ticns ¢apOyBaHHs MeTHIeHOBUM cHUHIM 3a Jleddaepom 1 dapOyBanus 3a ['pamom
KIITHHU CIIOCTEPITaIM MiJ CKIATHUM MIKPOCKOIIOM JUIsi MOP(OIOTIYHOTO JOCITIIKCHHS
IIUX JPLKIKOBHX 130JI8TiB, A€ BeretaTuBHi kiaituau Torulaspora delbrueckii BurmsgaroTts

SIK TpaM- MO3UTHBHI KITiTHHU ((pioneToBuii) (Puc. 8.1).

Puc. 8.1 Mikpockoniuti ¢poTorpadii i30158TiB JPIKIKIB

8.3 bioximiuHa xapakTepucTuka
bioxiMiyHI METOAM BHU3HAYEHHS XapaKTEPUCTHK O0a3yloThCsi HAa BHUKOPHUCTAHHI
JDKEepeTT BYTJIEIIO Ta a30Ty. 3AaTHICTh IITaMiB yTHIII3YBAaTH TIIIOK03Y, (DPYKTO3y, caxaposy,

MaJIbTO3Yy, I'aJIaKTO3Y, JIAKTO3Y Ta €TAHOJI K €IHUHE JKCPECJI0 BYIJICIIO.
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8.4 MepmeHTAaLlisA BYIJIEBO/IiB

BbpomkpesonoBuit myprmypHuil ByriaeBonHud (2%) ¢depmeHTauiiHui OynbHOH
(tpurniron 10 1, NaCl 5 1, apixmkoBuil ekcTpakT 5 T, OpoMKpe3onoBuil myprnypHuil 1%
PO34HMH 2,5 MJI Ha JIITP) TOTYBAIH LIUISIXOM JI0JIaBaHHS BCIX IHTPEAIEHTIB (KPIM 1HIUKATOPA)
710 JIe10H130BaHOI BOJM Ta po3uuHsIM Ha napy. [licas oxonomkenns pH nosoaunu 1o 7,2 1
noxaBanu iHgukatop. IlizHime 5—10 mu 1boro cepeoBUINa PO3MOAUISIN B TIPOOIPKH 3
IBUHTOBUMHU KPHUIIKaMH 1 CTEpUITI3yBaiu B aBTOKJaB1. [licis oxomomKkeHHs npy KIMHATHIN
TeMmnepaTrypi ix 3aciBaii 48-TOJWHHOIO CBDKOIO KyJIbTYpOI 130JISTIB APDKIDKIB 32
JOTIOMOTO0 CTEPUIIBHOI ITeTl Ta 1HKyOyBanu npu 30 °C 1 1ocmiIKyBaiy IOAHS MPOTITOM
5 nuiB. llIBuaka 3miHa (poTAroM 2 HIB) KOJIBOPY 3 (pi0JI€TOBOr0 HA AKOBTHI BKa3yBaJia Ha
MO3UTHUBHUM PE3yJIbTAT, BIZICYTHICTh 3MI1H BKa3yBajla Ha HEraTUBHUHN pE3yJbTaT, a MOBUIbHA
3MiHa BKa3zyBajia sK ciaOKy. JIBI HEIHOKYJIbOBaHI MPOOIpKU 30epiranucs SK HEraTUBHUN
KOHTPOJb.

8.5 MeToau BU3HAYEHHSI KOHIEHTPALIl JKUTTE3AATHUX KJIITHH JAPiKIKIB

[{uTtomeTpist € OQHUM 3 €(PEKTUBHUX METO/IB BU3HAUYECHHS JKUTTE3IATHOCTI KIIITHH.
JIJist IbOTO YacTO BUKOPUCTOBYIOTH MPOTOYHUN IIUTOMETP, KWW JO3BOJISE aHATI3yBaTu
(G13u4HI Ta XIMIYHI XapaKTEPUCTHKU KIITUH y cycrensii. L{eil mMeTon n03BONMUTH TOYHO
BU3HAYATH KUTTE3ATHICTh KIITHUH 1 PO3PI3HATH KMB1 1 MEPTBI KIITHHU 32 JOIMOMOTOIO
MPOTOYHOTO LIUTOMETPA.

Jis  BuU3HAYEHHS  KOHILEHTpamii  HEXHUTTE3JATHUX  KIITHH  3aCTOCYBYIOTH
bayopectieHTHUI OapBHUK, OkCOHOM (Pl), skuii 3a0apBIItOe HEXUTTE3AATHI KIIITHHH, Ta OYB
BU3HAHUI TOYHUM IMOKA3HUKOM JKUTTE3AATHOCTI APKIKOBUX KJIITHH. AHANI3 JPDKIXKIB,
nogapOOBaHUX OKCOHOJIOM, MOXKHA IMPOBOUTH 32 JIOTIOMOTOIO TPOTOYHOTO IIUTOMETPA.

* MewmOpanu KUTTE3MATHUX KIITHH HenpoHukHI g Pl, Tomy Taki KiIiTUHA
3AJIMIIAI0THCS] HEPITYOPECIICHTHUMH.

* MemOpana MepTBUX KIITHHU J03Bosisie Pl mpOHMKHYTH B KIITHHY Ta
3B'sizarucst 3 JIHK, B pe3ynpTaTi 4oro KIITHHH CBITATHCS YEPBOHUM CBITJIIOM TIiJ
ybTpadi0JETOBUM.

®nyopecuein mianerat (FDA) — ue ¢myopecueHTHHI OapBHUK, SIKUW MPOHUKAE B

’KWB1 KJIITHHH 1 META00J13yeThCS 10 (IIyopeciieiny, 110 CBIYUTHCS 3€JICHUM.
69



Kugi knitunu riaponizytots FDA no guyopecieiny, sKuit HAKONIUYY€ETHCS B KIITHHI
1 CBITUTBCSI 3€JICHUM.

MepTBi KIITHHU HE MalOTh aKTUBHHUX €CTepa3, TOMY He BIIOyBaeThes riapoinizy FDA
1 KITITUHYU 3aTUIIAI0THCS He(ITyOpEeCIIEHTHUMH.

[{i nBa GapBHUKU YaCTO BUKOPUCTOBYIOTHCS Pa3oM JUIsl OJHOYACHOTO BU3HAYCHHS
KUTTE3TATHOCTI Ta MEPTBUX KJIITUH B OJTHOMY 3pa3Ky.

*  Kusi kimituan: CBITATHCS 3€JICHUM.
*  Meprtsi k1iTHHU: CBITATHCS YEPBOHUM.

Takum 9uHOM, 1€ METOJ TO3BOJISE IMIBUAKO T4 TOYHO BU3HAUUTHU KHUTTE3AATHICTH
KJIITUH 32 JIOIOMOTIOK0 TMPOTOYHOI IUTOMETPIi, BUKOPUCTOBYIOUM KOMOIHAIIIO
dnyopecuenTHrx OapBHHKIB [41].

8.6 MeToa BU3HAYEHHSI BOJIOTOCTi B CYXHX JAPIKIKAX JieJIeKTPUYHUM METO0M

[Tpuniun meToy 6a3yeTbesi HA BUMIPIOBAaHHI JIIEIEKTPUYHUX BJIACTUBOCTEN 3pa3Ka,
SKI 3MIHIOIOTBCS 3aJIe’KHO BIJ BMICTY BoJoTH. Boja Mae BHCOKWN Ji€IEeKTPUYHHMA
MOCTIHUM, TOMY 3MiHA JIEIEKTPUYHOI MPOHUKHOCTI 3pa3Ka JO03BOJISIE BU3HAYUTH
BOJIOTICTH [42].

[lepeBaru:

«  IlIBuakicth aHamizy (BUMIpIOBAHHS TPUBAE KIJTbKA CEKYH]T 200 XBUJIUH).
*  MoxuBicTh 6€3MepepBHOTO KOHTPOJIIO BOJIOTOCTI B MPOIECaX BUPOOHUIITBA.

Henonikn:

*  HeoOximHicTh peTeabHOro KaaiOpyBaHHS sl KOYKHOTO THITY 3pa3Ka.
Mose notpeOyBaTu CreriaJbHOro 00IaHaAHHS.
8.7 Mikpo06iosoriynnii KOHTPOJIb CTEPUIBHOCTI MOKUBHUX CepeT0BHUIIL

[TinroroBka wamok IleTpi: ¥V momepenHbo CTepMIi30BaHl B CyX0KapoBii mmradi

gamku [letpi HamBaroTe mo 20-30 mu1 arapuszoBaHoro cepeaoBuiia: cycio-arap (CA)
JUTsl BUSIBJICHHSI TPUOIB Ta APKIKIB 1 M’ sico-nenrtoHHuid arap (MITA) nist BUsiBiIeHHS
OaxTepiit. [loTiM yamky 3amuIIalOTh HA PIBHINA MOBEPXHI JIJIsi PIBHOMIPHOTO 3aCTUTaHHS
arapy 1 BUTpUMYIOTH npu Temmepatypi 30°C mpotsirom 2-3 110, po3TanlyBaBIIM iX
KPHUIITKAMH IOHU3Y.

Bukonanns mnociBiB: CTepuili30BaHOI TINEeTKOW BinOupawTs 0,1 M npodu
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IPOCTEPUITIZ0BAHOTO CEPEIOBUIIA 1 HAHOCATH HAa MMOBEPXHIO BIAMOBIIHOTO KYJIbTYpHOTO
cepenoBuma. [IpoOu piBHOMIpHO PO3MOMUISIOTh CTEPWJIBHUM ImmareseM. Yamku 3
MOCIBaMU 3aropTaroTh Y MaIrip 1 MOMIIIalTh B TEpMOCTaT A1 iHKyOaii: s MITA npu
temneparypi 32-34°C npotsirom 1-2 116, a s CA npu Temmnepatypi 24-26°C npoTsirom
3-5 miO.

Takox HE0OX1HO Bi3yaJbHO MEPEBIPUTH BIJICYTHICTh O3HAK POCTY MIKPOOPTaHi3MiB
Ha MOBEPXHI MOXUBHUX CEPEAOBHUIIL. SIKIIO HE BUSIBJICHO KOJIHUX O3HAK POCTY, 1€ CBIIYUTH
PO CTEPUIIBHICTH cepenoBuil [42].

8.8. Mikpo6ioJioriununii KOHTPOJIb YUCTOTH KYJIbTYPH

KoHTpoNb YUCTOTH KyJNbTYypU 3IIMCHIOETHCS HUIIXOM IMPSMOTO BHUCIBY MOCIBHOTO
Marepialy Ta KyJbTypaJIbHOI PIAMHM HAa arapu3oBaHl MOXKHUBHI CEPENIOBHUINA, a TaKOXK
MIKPOCKOIIFOBaHHSM MIKPOOPTaHi3MIB OKPEMHUX KOJIOHIW, II0 BUPOCIIH MICIS 1HKyOali B
tepMmocTarti. [lapanenbHo TPOBOIUTHCS MIKPOCKOIIFOBAHHS 3Pa3KiB KYJIbTYPaIbHOI PLAMHU
U1l €KCTIPEC-/11arHOCTUKH.

[IpsimMuii BUCIB MPOBOAMUTHCS JIJISl BUSBIIEHHS CTOPOHHBOI MIKpPOO10TH: KYJIbTYpajabHy
pIIMHY BUCIBAIOTh HA TIOTIEPEIHBO cTepritizoBani yaniku [letpi 3 cycio-arapom (CA) nmst
BUSIBJICHHS JOCTIKyBaHUX JpikIxkiB Torulaspora delbrueckii Ta 3 M’sco-menToHHUM
arapom (MIIA) nyist BUSIBIEHHS CTOPOHHBOI MIKpoOiOoTHM y BUDsial Oaktepiit. Yariku
1HKYOyroTh Tipu Temrepatypi 28-30°C mpotsirom 72 roaud. Ilicns mporo uvamku I[lerpi
MEpEeBIPSAIOTh HA HAABHICTh CTOPOHHBOI MIKPOOIOTH. 3a BIJCYTHOCTI CTOPOHHBOI
MIKpOOIOTH Ha cyclio-arapi MoKHa croctepiratd kojonii Torulaspora delbrueckii
niametpoM Bia 1 10 3 MM, sKi 3a3BHYail MarOTh OKPYTriay a0o oBajdbHY (Qopmy, 611010,
KPEMOBOTO a00 KOBTOI'O KOJIbOPY, 1 MOXKYTh OYTH TJIafKUMU a00 MaTH HEBEJIUKI 3yOIll MO

Kpasx (puc. 8.2).
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Puc. 8.2. Kononii npixxmpkie  Torulaspora delbruecki, Bupomenux Ha cycio-arapi
[43].

Mikpockonioéanus 3A1ACHIOIOTh 3 BHUKOPUCTAHHSAM IIperapaTiB  «po3aBiieHa
kpars». [Ipemapat moTpiOHO TOTyBaTH Ha TMPEAMETHOMY CKJIi, SKE IOMEPEIHBO
3HEeKUPIOIOTH. [1icist HAaHeCeHHS Ha CKJI0 HEBEIMYKOI KparlIi KyJIbTypajabHOI piIHH, HOTO
MOKPUBAIOTh HAKPUBHUM CKEJIbLIEM 1 MIKPOCKOIIIOIOTH 3 00°‘ekTuBOM X40. 3a BIICYTHOCTI
y 3pa3Ky CTOPOHHBOI MIKpOOIOTH TIiJ] Yac MIKPOCKOIIFOBAaHHS MOXHa MOOAYUTH KIIITUHU
Torulaspora delbruecki (puc.8.3). miamerpom 2-4 MM cdepuuHi 3 TJIAAKOK ado

00pOIaBYACTOIO KIIITHHHOIO cTiHKOI0 [17].

v Fea i ok

S é‘%e

cE T
a ;
Vol

£ .
Puc. 8.3. Mikpodororpadii kit Torulaspora delbruecki, 3po6:eni 3a

nonomororo mikpockorna Nikon Eclipse 600 3 06’extuBom 60X%.
8.9 SIkicHmii MeTo BU3HAYeHHs Kijtep-TokcuHa (QLM)

OuiHKy 4yTJIMBOCTI KUJIEp TOKCUHY MPOBOJMIIN HACTYITHUM YKMHOM: yamku lleTpi 13
cepenoBuiieM YEPD-M* 3acitoloThb TECTOBOBIO KYJbTYpOIO YYTIMBHX JPLKIKIB Ta
HAHOCATH TOBCT1 Ma3KH KyJbTYpaJIbHOI pIAMHU Ta 1HKYOyBanu npu 18 + 2 °C npotsarom 48-
72 ronuH. LinboBHIA 130J8T APIKIKIB HA ra3oHl OyB BU3HAYEHUH SIK UYTIMBUN, KOJU
criocTepiraiacs 4iTKa 30Ha MPUTHIYEHHS POCTY HAaBKOJO CMYT KyJbTyp-yOUBIb. AHaNI3U
MIPOBOJIMIIN B IBOX MOBTOpax [44].

YEPD-MB* - npixmxoBuii ekctpakT 1 /1, coomoBuii ekcTpakT 3 1/1, rimokosa 20 1/11, nenToH 2

r/m, arap 20 r/n, metunenoBuit cuniit 0,003, 0,5 M docdar-uurparom npu pH 4,6.
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8.10. BuzHauyeHHs1 KOHIIEHTPAILii JKepeJia BYIJIelIo

KonnenTpariito rimoko3u BU3HAYAIOTh B YUCTIN BiJl MIKPOOPTaHi3MiB KyJIbTypabHii
pinuHi. g onaepkaHHsS CymnepHaTaHTy KyJabTypaiabHy pimuny (100 mur) motpiOHO
npoueHtpudyrysaru npotsirom 20 xB mpu 3000 06/xB 17151 BUAaICHHS OioMacH.

Busnauenns npo6oosams 210K0300KCUOAZHUM MEMOOOM.

Ipunyun memody nonsrae B HaCTYITHOMY: Mif J1€10 (DEPMEHTY TJIFOKO300KCHIA3H
TJII0KO3a OKUCITIOETHCS KUCHEM 3 TIOBITPSA, YTBOPIOIOUH Mepekuc BoHIo0. [lepeknc BoaHIO,
B3a€EMOJIIIOYA 3 (PEPMEHTOM TMEPOKCUIA30l0, OKHCHIOE OPTOTOJNIJIMH, YTBOPIOIOYHU
3a0apBieHy CHOJMYKY. [HTEHCUBHICTH 3a0apBiIeHHS IPSAMO MPOTOPIIiiHA KIIBKOCTI TIFOKO3U
B CYIIEPHATAHTI.

Pobouuii peakmus: B anieratHoMy 0ydepi (80 MIT) pO3UMHSIOTH MTIOKO300KCH a3y (2
Mr) Ta nepokcuaaszy (1 mr), motim noparoth 1%-Huil po3unH oprtotomiauHy (1 wmu),
MEePEMIITYIOTh 1 T0BOATH 00'eM OydepHuM po3unHoM a0 100 mut.

Jo cynepnaranty (1 ™mn) pgonmaroTh poOoumii peaktuB (3 M) 1 00EpEKHO
nepeMimnytoTb. [locTyrnoBo mouWHae 3’SBIATUCH 3a0apBICHHS, SKE€ NPU KIMHATHIN
TeMIepaTypi gocsarae Makcumymy depe3 13-15 xB. @oToMeTpyrOTh TP IOBXKHHI XBHITI 625
HM IIPOTU KOHTPOJILHOTO PO3UHHY (3aMICTh KyJIbTYpPadbHOI PIIUHU MICTUTH (P1310JI0TTUHUAN
PO3YKH).

Po3paxyHok mpoBOIsATH 3a KamiOpyBajdbHUM rpadikoM, Ha OJHIM OCI SKOTro
BIJIKJIQJICHO KOHIICHTPAIIIIO TJIIOKO3HM (MMOJIB/J), @ Ha 1HINIH — BEIMYMHY SKCTUHKIIIT [45].

8.11 BuzHauyeHHsI KOHLIEHTpAaLIl uKepeJa a3oTy.

Jlxepenamu a30Ty B cepenoBUIl Al KyJdbTuByBaHHs Torulaspora delbrueckii €
TMIETITOH, 10 MICTUTh aMiHHUH a30T. /|11 BU3HaYEHHS aMiHHOTO a30Ty BUKOPHCTOBYETHCS
MeToa ¢popMobHOTO TUTpYBaHHs. Lleit meTon 6a3zyeThcs Ha OJIOKYBaHHI (HOPMANTBIETIIOM
BUIBHUX aMIHOTPYN aMIHOKHUCIOT, MICJSI YOTO BU3HAYAETHCA KUIBKICTh THUTPYBaJIbHOIO
pPO34YMHY, SKHM BUTPAu€HO HA HEUTpami3alilo KapOOKCHIBHUX TPyH (KUIBKICTh SKUX
MPOTOPITiiHA KUTBKOCTI aMiHHUX rpyt). [loyaTok 1 KiHEIb TUTPYBaHHS BU3HAYAETHCS
MTOTEHIIOMETPUYHO.

HeoOxinHi peakTuBm:

e 0,1 H po3uuH TiAPOKCUAY HATPitO 200 comsiHOoil kuciaotu (0,1 Mosb/i)
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o  @opwmainin (40% po3unH hopMabaETiay)
e  10% po34uH TiAPOKCHITY HATPIFO
MeTtoanka npoBeeHHsI:
e [lixroryBatu KynbTypalbHy PIIMHY HUISIXOM (QUIBTPYBAaHHS AJII OTPUMAHHS
OC3KIITUHHOTO PO3UYHHY.
e B konby o6’emom 50 ma Haymtu 10 Ma orpumanoro ¢iabTpary 1 T0BECTH
00’eM BO1010 110 20 MiI.
e [loMicTUTH €NEKTPOU MOTEHIIOMETPa B OTPUMAaHUM PO34MH, AoBecTH PH 110
7,0, momarouu 0,1 7 NaOH a60 0,1 1 HCI.
e Jlomatu 10 HEHUTPAI30BAaHOTO PO3UMHY 2 MJI HEUTpaIbHOTO opMaliny (Moro
Pu nosectu no 7,0 3a gonomororo 10% pozunny NaOH), nepemimatu 1, He BUMarouu
enexTpoau, TuTpyBatu po3unaoM 0,1 # NaOH no Pu 9,1,
BMmicT amiHHOro as3oTry B KyJbTypadbHIM pIJIMHI BH3HAYalOTh 3a JOIOMOIOIO

crneniagbHo1 opMyIH

V XK X1,4

X = ,
c

Mmr

ne, V — e kuibkicTh po3unny 0,1 H NaOH, sika minuia Ha TUTpyBaHHS! pO3UMHY, MIT;

K — 1ie monpaBka 10 TUTpY po3unHy HaTpito Tiapokcuay (0,1 Monb/n);

1,4 — 11e KUIBKICTh aMIHHOTO a30Ty B MT, €KBIBaJICHTHE | MJI pO3UYHHY HATPIIOT1APOKCUTY
(0,1 momnp/n);

C — 11e KUIBKICTD JOCIIKYBAHOTO PO34YHHY, M [46,47].
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8.12 Kapra nocTaiiiHOro KOHTpO.I10 0i0oCHMHTEe3Y Kijljiep TOKCHHIB
Taomurs 8.1

Kapra KOHTPOJIbHUX TOYOK BUPOOHMITBA KiJIep-TOKCHHIB.

Homep 00°ckm 3acoou ma Ilepioouunicmo Hopmamueni
KOHmMPObHOT KOHmpoJiio ma Memoou nepesipku ma 6i06opy 3HAYEHHA
mMoYKu ma Ha3ea HOKA3HUK, W0 KOHmMpOJiio npoo HOKA3HUKa
cmaoii GU3HAYAEMbCA
1 2 3 4 5
Kr2.1 IloBiTpo3adipHuk
3abip
ammocgeprozo Bucota 3a60py - - H=11wm
nosimps HOBITPS
OuuieHne noBiTps S
III p TexH1uyHUM
Kt 2.2 . ) o
. MaHOMETD, [Ticnsa ounctku noBitps y | E = 85%, Tuck
Ilonepeone CryniHb OYHILEHHS : . . s
. . . MepeBipKa CTyIeHS ¢binpTpi rpydoro 3TiHO
oYU eHHS NOBIMPs3L TIOBITPS ITiCTIS .
. . OYUIIICHHS 3T1THO OUHUIICHHS MacmopTy
8i0 epyoux yacmox | QiIBTpa, Mepena .
. nacropry ¢inpTpa
THCKIB
Cruchene N
Kt 2.3 . TexHiuamit .
Crucnenis NnoBiTPS MAHOMET [Ticns komnpecyBaHHs P =0,35 Mma,
. P, HOBITPS t=120-200 °C
nosimps TEPMOMETP
Temneparypa, TUCK
Kr2.4 Oxonomxxene
Oxon00cenns noBiTps TexaiuaM .
osim i P TeDMOMET [Ticns oxonmoKeHHS Ta t=25-30 °C,
PRl p P, BUJIAJIEHHS BOJIOTH W =60-70%
8UOaIeH s 3a1l60i Temmeparypa, TICUXPOMETP
807102U BOJIOTICTh
Kr2.5 Harpire nosirps Texuiuamit [Ticnsa HarpiBaHHS
Hacepisanns P t =45-50 °C
. TEPMOMETP HOBITPS
nogimpsi Temneparypa
Ouuiene noBiTps oo
Kt 2.6 IlI P TexH1yHMM
Ouuwenns Cryninb ounmeHHs MaHOMETD, [Ticnsa ounctku oBiTpsiy | E =95%, Tuck
nosimps . . nepeBipka CTymneHs 1IBTP1 TOJOBHOTO 3TiHO
PAY TIOBITPS TTiCTIS PERIP yn imeTp A
20/108HOMY . OYHIICHHS 3T1THO OYHNIICHHS MacIopTy
Qinompi (inpTpa, mepenan nacrnopty ¢inpTpa
P THUCKIB pTy p
Oumniene nosirps [TepeBipka
KT, Km 2.7 CTYIIEHIO
Ouuwyenns CrymiHb OYHMILEHHS | OYHuIleHHs noBiTps | Ilicns ouncTky NOBITPS y E = 99.9999
nogimpsi 6 TIOBITPS ITiCTIS 3riHO AcHopTy | (ITBTPi IHIUBITYaTEHOTO ’ ’
iHOUBIOYANILHOMY ¢inbTpa, ¢inbTpa, OYUILEHHS
Ginompi MIKpOOIOJIOTIYHA | MIKpOO10JIOTTUHUIMA
YHCTOTA KOHTPOJIb
Kx 3.1,3.2,3.3
Ilpucomysanns
cmepunbHo2o 6% Po34uH coJsissHol
PO3ZUUHY XIOPUOHOT KHCJIO0TH ®i3uKO-XIMIUHUHT [Ticnst mpuroTyBaHHS C=6%
Kuciomu METO[T PO3UHHY
Konnenrpartis
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IIpooosocennsn Tabauys 8.1

K, Km4.1.1
Ilpucomysanns i
cmepunizayis Temnepatypa
HOJCUBHOZ0 BU3HAYAETHCS
cepedosuya 0 ['onuHHUK, Oe3repepBHO i1 Yac t=112°C,
6UPOUyy8aAHHS TEPMOMETP, cTepuIizalii, T =30 xB,
iHOKYI5IMY 8 Komno3uuis A MIKpOO107I0TTUHUN MiKpOO10JIOTTYHU I BiJICYyTHICTB
kOn6ax Ha KOHTPOJIb KOHTPOJIb MICJIA MiKpoOi0TH
Kauankax CrepusbHICTS, creputizanii
TeMIleparypa, yac
Ilpucomysanns i
cmepunizayis
Komno3uyii A
Kr, Km4.2.1
Ilpucomysannsa i
cmepunizayis
HOJNCUBHO20
cepedosuwa 0 Komno3uuis A ['oauHHUK, Temmnepatypa t=112°C,
6UPOUY6AHHS TEPMOMETP, BU3HAYAECTHCA 7=30 xB,
IHOKYIAMY 8 CTepwIbHICTb, MiKpOOi0IOTTYHAN Oe3mepepBHO IIiJ] 9ac BIJICYTHICTB
iHOKY1AMOPI TeMIleparypa, 4ac KOHTPOJIb cTepuiizaii, MIKpOOiOTH
06°emom 10 n MiKpoOioJoriaHui
KOHTPOJIb ITiCIIs
Ilpucomysanns i cTeputi3alii
cmepunizayis
xomno3uyii A
Kt, Km4.3.1
Ilpucomysannsa i
cmepunizayis Komno3unis A I'onuaHMK, t=112°C,
NOACUBHO2O TEPMOMETD, Temneparypa 7=30 xB,
cepedosuwa O CTepubpHICTb, MIKPOO10JIOTYHU I BU3HAYAETHCS BIJICYTHICTB
6UPOUyY8aAHHS TEeMIIEpaTypa, yac KOHTpPOJIb Oe3nepepBHO Mij yac MIKpOO10TH
IHOKYIAMY 8 CTepHITi3allii,
iHOKY1sTMOPI MIKpOOioJIOT1YHHIA
06°’emOm 100 n KOHTPOJIb MicHs
cTepuii3anii

Ilpucomysannus i
cmepunizayis
xomno3uyii A
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IIpooosocennsn Tabauys 8.1

Kr, Km4.4.1.
Ilpucomysanns i
cmepunizayis
HOJCUBHOZ0
Temnepatypa
cepedosuya 0
. BU3HAYAETHCS 1m0
6uPOUyY6AHHA Komno3uuis A l'onuHHUK, . t=112°C,
. Oe3repepBHO i1 Yac
IHOKy1AMY 8 TEPMOMETP, cTeprTizami t=30 xB,
IHOKY1mMOPI CrepusbHICTS, MIKpOO10JI0TYHU I CTep! S BIJICYTHICTb
, 3 MiKpOO10JIOTTYHU I i .
06’emOm I m TeMIlepaTypa, yac KOHTPOJIb ) MIKpOOiOTH
KOHTPOJIb MiCIs
. cTepuiizanii
Ilpucomysanns i
cmepunizayis
Komno3uyii A
Kr,Km 5.1 PoGoua kyasTypa
THliompumanns Torulaspora Temmnepatypa t=4°C,
SV .. XOJIOAUITLHUK, ) .
KOJLeKYIUHOI delbrueckii BHU3HAYAETHCS T = 3-4 micsmi
Ky16mypu TEPMOMEDT, 0e3nepepBHO BiJICYTHICTh
HIBIP MIKpOO10JI0TTUHUH . °PEPBHO, - ACYTHICTD
Temmnepartypa, uac, COHTDOL MiKpOO10JIOTTYHU I CTOPOHHBOT
MiKkpoOioJoriuna P KOHTPOJIb MIKpoOi0TH
YHCTOTa KYJIbTYypH
Krt, Km 5.2 PoGoua kyabTypa Temneparypa
Ooeporcanns Torulaspora BU3HAYAETHCS
PO604OI KyIbmyPU delbrueckii Tepmocrar, Oe3mepepBHO i Yac t=30°C,
TFOJIMHHMUK, cTepuizalii, t=72rong
Temmnepatypa, yac, | MiKpOO10JOTIUHHMA MIKpOO10JIOTTYHU I BIJICYTHICTb
MiKpoOiojoriuHa KOHTPOJIb KOHTPOJIb 3/11HCHIOEThCS MIKpOO10TH
YUCTOTA KYJIbTYpH TTiCIst
BUPOIIYBaHHS KyJTbTypHU
Krt, Km 5.3 Po6Goua kyabTypa Temnepatypa
Bupowyyeanns Torulaspora BU3HAYAETHCS
[HOKYIAAMY Y delbrueckii Tepmocrar, Oe3mepepBHO i Yac t=30°C,
npobipkax Ha TOAUHHUK, cTepuizalii, t="72roxn
azapuzoeaHux Temmnepatypa, 9ac, | MiIKpOO1OJIOTIUHUI MIKPOO10JIOTTYHHI BIJICYTHICTh
cepeoosuwuax MiKpoOiojoriuHa KOHTPOJIb KOHTPOJIb 3/11HCHIOEThCS MIKpOO10TH
YUCTOTA KYJIbTYpH TTiCIs
BUPOIIYBaHHS KyTbTypH
Kt, Kx, Km 5.4 IociBumii Temneparypa Ta = 30°C
Bupowysanns Marepiaj IIBUAKICTH OOEPTaHHS ’
POy P Tepmomerp, . P ’ t=48 rox,
noCiéH020 piBeHs pH,
. pH- metp, W =150 06/xB,
mamepiany 6 Temmeparypa, yac, KOHTPOJIOIOTHCS
. TOJIMHHUK, pH =44,
KO6ax Ha piBeHs pH, YBECH Yac BIPOIOBK : .
; TaXxOMeTp, BiJICYTHICTh
Kauanikax IIBUJIKICTh . . o BUPOIIyBaHHS. N
. MiKpOOi0TOTTUHAN . . L CTOPOHHBOT
TepeMilTyBaHHS, Mikpo0Oionoriaanii . .
. . . KOHTPOJIb - MIKpOOiOTH
MiKkpoOioioriuHa KOHTPOJIb 3A1HCHIOIOTHCS
YUCTOTA KYJIbTYPH ICJIS] KyJTbTUBYBaHHS
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IIpooosocennsn Tabauys 8.1

KT, KM, Kx 5.5 Temmnepatypa, piBeHb
Bupowyyeanns e HociBamii pH,
IHOKY1AMOopi MarepiaJ TepMOMET KOHTPOJIIOIOTHCS t=30°C,
06’ emom 10 n z[aI;IH/IK }II) ? YBECH HacC BIIPOJIOBXK T=48 rox,
Temnepartypa, dac, FOI[I/IHHEIK, BHUPOIILYBAaHHS. pH =44,
piBeHs pH, . Buznauenns BIJICYTHICTh
: €JIGKTPOHHI Barw, e N
KOHIIEHTpaL1s . . . | KOHIeHTpauii 6iomacu Ta CTOPOHHBOT
. MIKpOOi0JIOTiUHU I . . N . .
6iomacw, COHTDOL MiKpOO10JIOTTYHU I MIKpOOi0TH
MikpoOiosoriuna p KOHTPOJIb 3A1HCHIOIOTHCS
YHCTOTA KYJIbTYypHU KOHI 8 TO, TCIIs
KYJIbTUBYBAaHHS
Kt, Km, Kx 5.6 Temnepatypa, piBeHb
Bupowyeanns 6 MociBumii pH,
IHOKYIAMOPI MarepiaJ KOHTPOJIIOKOTHCS t=30°C,
, Tepmomertp,
06’ emom 100 n narank pH YBECh 4ac BIIPOJIOBK t=48 rox,
Temneparypa, yac, FO,Z[I/IHHgK ’ BHUPOILIYBaHHS. pH =44,
piBens pH, . Busnauenns BiJICYTHICTh
: eJIEKTPOHHI Bary, e N
KOHIIEHTpAIlis . . .7 | koHUeHTpalii 6iomacu Ta CTOPOHHBOT
. MiKpOO107I0TTUHUN . ! N ) .
6iomacu, COHTDOIE MIKpOO10JI0TTYHU I MIKpOO10TH
MiKpoOioJIoTiyHa p KOHTPOJIb 3/IIHCHIOIOTHCS
YUCTOTA KYJbTYypU KOKHI 8 T, micis
KYJIbTHUBYBAaHHS
KT, KM, Kx 6.1 Temneparypa, pH,
KyabstypanbHa .
Bupowysanmns . gacToTa 00epTiB
pinuHa I'onquHHUK, .
KyaemypPu 6 MIIIAJIKA _ apo
. TEPMOMETD t=30°C,
Gepmenmepi N KOHTPOJIFOIOTHCS
, 3 Temneparypa, TEeXHIYHUH, t="72ron,
06°emOm I m . o aBTOMATUYHO BIIPOJIOBXK
TPUBAIICTh TEXHIYHUHN pH=4,4,
YCBI'O Hacy
KYJIbTUBYBaHHs, TaxOMETp, JAaTYUK W =150 006/xB,
. . BUPOIIYBaHHS.
4acToTa 00epTiB pH, enexTponHi Ckr =27 mr/7,
. . . Busnauenus . .
MIIIANIKH, PiBEHb Baru, MeMOpaHHi e BiJICYTHICTh
. KOHIICHTpaIii Kijep- N
pH, G1IbTPHU, YalIKU . CTOPOHHBOI
. . . . TOKCHHIB Ta . .
MiKpoOiojoriuHa nerpi, . . S MiKpoOioTH
. . o, MIKpOO10JIOTTYHU I
YHCTOTA KYJIBTYPH, | MIKpOOiOIOTiUHUH .
’ KOHTPOJIb 3/11HCHIOIOTHCS
KOHIIEHTpALlis KOHTPOJIb . O
KOKHI 8 ToJ 1 miciist

KUJIEp-TOKUHY

KYJIbTHUBYBAHHS
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PO3J1J1 9. AHAJII3 NIEPCIHHEKTUB BITPOBAJIKEHHS CUCTEMU
EKOJIOI'I3AIIIl BUPOBHUIITBA

Binxomn - 1me marepiaad 4d pEYOBHHU, BOHH MOXYTh OyTH OpraHIYHHUMH a0o
HEOPTaHIYHUMH, BKJIIOUATH B ceOe oOyTOBI CMITTS, BIAMIpaIlbOBaH1 MaTepiaid, PiANHA
YH rasu, 1 BAMararoTh creriaibHoi 00pOOKH UM yTHI13aLli] 1Sl 3SMEHIIIEHHS] HETaTUBHOTO
BIJIMBY Ha HABKOJIUIIIHE CEPEIOBUIIIE TA 3I0POB'S JIFOAUHH.

9.1. Cucremu 3HEIKOIKEHHSI PiIKUX BiIX01iB

Pinki Bimxomu mig dvac OiocwHTe3y Kiep-TokcuHiB Torulaspora delbrueckii
CKJIQJaI0ThCA 3:
® BIAIpalbOBAHUX 3ATUIIKIB MUMHHUX 1 JIe31H(DIKYIOUNX 3aCO0IB;
® BIANPALbOBAHOI BOAM JIJISl OMOJICKYBAHHS O0JaHAHHSL.

Takox HEO0OXITHO 00paTH PEXUM OYMILEHHS CTIYHMX BoJ (Oe3mepepBHUM abo
nepiognyHuM). Bubip 3anexxuthb Bij] 3arajJbHUX BUTPAT CTIYHUX BOJ. 3arajibHi BUTPATH
pPO3paxoByIOTh 3a CEpeAHIMU BUTpaTaMu CTIYHUX BOJ, SKI B CBOIO 4epry
PO3PaxOBYIOTHCS 3HAIOYHM 00’ €M CTIYHUX BOJ] HA MACOBY OJIMHUITIO MTPOIYKIIIi Ta JOOOBY
MOTYXHICTb MIIPUEMCTBA.

Huxue HaBeieHO BIJMOBIIHI PO3PAXyHKH.

9.1.1. Po3paxyHOK OPi€HTOBHOIO 00’€MY CTIYMHHMX BOJ

3anuwku mutino-oe3in@ikyouux 3acobis. Bigomo, 1mo 1 MUTTS Ta Jae3iHdeKii
oOnaHaHHSA 3a JIOMOMOroK MOOUTbHOI mupKyJsiiiHoi CIP-muiiku  HE0O0Xi1IHO
MPUTOTYBATH poOoUl po3unHH 13 po3paxyHky 20-30% Bix 06’emy oOnagHaHHS.

BignoBigno mo cnenudikaiii o0iagHaHHS 3 KypCOBOTO IMPOEKTY, 3 €MKICHOTO
obOnagHaHHs Maemo: iHOKymsTop I-8, peaktop P-10, inokynsarop 1-12, peaktop P-14,
dbepmentep OP-17, peakrop P-19. Takum unHOM, TOTPIOHO pO3paxyBaTH F€OMETPUUHUI

00’€M EMHOCTEHN:

HYXT BTEK 04.02.36 KP [13

M Apk. | Ne dokymermal Ilionuc | Zama

Po3pobHuk | laitiyyk A.P. Jlimepa| Apkyw |  Apxywis
KepigHUK Kpacitibko B.0. PO3/IN 9. AHA/I3 MEPCMEKTMB | T ] 79 7

H. KoHmp BIPOBA/KEHHA CUCTEMU

RoHCy/i6m EKOJIOI3ALJIi BUPOBHULTBA Kagedpa 6TM
3a8. Kag. (mabHikos B.I.
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V amocreit = V inoxymiropy 1-8 T V peacropy P-10 T V imoxymaropy 112 + V peaxropy P-14 T V pepmenrepy @p-17 +
V peaxropy P-19 =
= 10a+101+ 1001+ 5001+ 1000 1+ 10 1= 1630 1
Tonai 06’em MuliHO-N1€31H(PIKYIOUNX 3aC00IB CTAHOBUTHME:
V 3aco00iB = V emuoctent X 0,2 = 1630 1x 0,2 =326 1 abo
V 3aco06iB = V emaoctert X 0,3 =1630 1 x 0,3 =489 1.

[Tpuitmaemo, 1mo 06’€M BiANpaIbOBAHUX 3AJIMIIKIB 3aCO0IB JOPIBHIOE 00’ €My ITHX
3aco001B, ToOTO 326 - 489 1.

Bionpayvosana e6ooa nicisi ononickysanns oonaonwanus. O0’eM BoaU IS
onoJiickyBaHHsi cTaHOBUTh 20-30% Big 00’€My €MHICHOTO OOJaJHAHHS, TaK SIK 1 00’eM
MUHHO-/1€31H(}IKYyI0YOro po3uuHy. Sk po3paxoBaHO BUIIE, TaHU MapaMeTp J0piBHIOE 326
- 489 1.

TakuM 4YMHOM, B CyM1 Op1€HTOBHA KUJIBKICTh CTIYHHUX BOJI 3 OJIMH IIMKJI BUPOOHHUIITBA
craHoBuThME: 489 1+ 489 1 =978 1.

Opienmosnuii 06’em cmiynux 600 na Im® cynepnamanmy. Cnodatky IMOTpPiOHO
po3paxyBaTy MPUOJIU3HY KUTBKICTh CYTIEPHATAHTY, IO YTBOPIOETHCS 32 OJIMH BUPOOHUYUI
UMK 3TIJHO 3 pO3paxyHKaMH KypcoBOI poOOTH, 3a OIMH UK oTtpumyemo 500 1
KyJIbTYpajdbHOI PIIWHU 3 KOHIIEHTpAIl€lo al0CcoMoTHO cyxoi Oiomacu 7,5 r/n. Ilicmsa
neHTpudyryBanas 6iomaca He Oyjie cyxoro, ii BojoricTh ckinagarume 70%. Takum duHOM,
70% Bix 7,5 v/ ctaHOBUTH 5,25 /11 (BOJIOTICTh O10MacH), a KOHIIEHTpaIlisl BOJIOroi 6ioMacu
oyne 12,75 r/n. Otxe, y 500 1 KyabTypaiabHOI PIIUHUA BMICT BOJIOTOi OG10Macu CTaHOBUTH
6375 r. OCKUIbKH OCHOBOIO KYJIbTYpalibHOI piuHu € Boja, To 500 000 r - 6375 r = 493625
I cynepHaTaHTy, abo 494 .

Taxkum yuHOM, 32 OJMH BUPOOHUYHI UK OTpuMyeMO 494 11 cynepHatanty Ta 978 i
ctiyaux BoJ. Toxi Ha 1 M' cynepnaranty npunazaae 1979 i (1,98 M') cTiuHux BOJI.

9.1.2. BuzHaueHHsI cepeaHiX BUTPAT CTIYHUX BOJ MPOMUCJIOBOI0 MiINMPHUEMCTBA

Biamosinuo no TEO, piuna moTy>KHICTh BUPOOHUIITBA CTAHOBUTD 72 KT APIXKIDHKIB HA
pik. bepyuu 10 yBaru, 1o uiibOBUM NPOAYKT CUHTE3YIOThCA Y KIJIBKOCTI 7,5 T/11, MOXKEMO
MOpaxyBaTH KUIbKICTh KyJIbTYPaIbHOI PIAHMHHU:

Nyssrpigm = 72 / 7,5 = 96000 1
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3a BpaxyBaHHM KUJIBKOCTI LIUKJIIB Ha PIK, III0 CTAHOBUTH 8, MOXKEMO MOPaxyBaTH, 1110
3a piK BUKJIE TaKa KUIbKICTh CYIIEPHATAHTY:
96000 — (494 * 27) = 39717 n= 82 662 n = 82,7 m*
BpaxoByroun KigbKiCTh TPYAOJHIB sIKa CKIaaae 45, MOKEMO po3paxyBaTH T0O0BY
MOTY>KHICTh T1IPUEMCTBA:
82,7/117=0,71 m®
Busnauemo cepeiHi BUTpaTH BUPOOHUYMX CTIYHHUX BOJI 32 3MIHY:

Qe=0s*n=1,98*0,71 = 1,41 Mm% n06a,

J€ Qs - HOpMa BOJOBIJBEACHHS B M°

Ha OJIMHUIIO TPOAYKIIi, SKYy BHITyCKa€e
M1IITPUEMCTBO;
N - KUTBKICTh OJJMHUIIb TTPOJIYKIIi, [0 BUPOOIISIETHCS 32 3MIHY.
Tenep My MOKEMO BU3HAUUTHU CEPEIHI BUTPATH MOOYTOBUX CTIYHHMX BOJ 32 3MIHY:
Qu=0*N=0,025*7=0,175 Mm%/ n06a,

Je (; - HOpMa BiJBelIeHHs MOOYTOBHUX CTIYHMX BOJ B M°>/3M Ha OJHOTO POOITHHKA.
I[Ipuitmaemo s xonoaaux nexis — 0,025 mM%/(3m/mon);

N = 7 - KiIbKicTh POOITHHKIB, T (3MIHHUW MaucTep, MIKpPOO10JIOT, TEXHOJIOT,
MPUOMPATHEHUK, 2 arapaTdyuKe, OTIEPaTop).

[lepepaxyemo 3HaiACHHI TOKa3HUK HA J100Y:

Q.= (0,175%3*24)/8 = 1,58 m*/n00a,

1ie, 8 - TPUBAIICTh 3MiHH, TOJI;

24- TpuBaicTh 100H, TO;

3 - KUIBKICTh 3MiH Ha 700y.

OO6paxoByrOUH 3arajbHi BUTPATH aTMOC(HEPHUX CTIYHUX BOJ, MOJKHA JIaHE 3HAYCHHSI
OpIEHTOBAHO MPUHHATH y 00’eMax y 5-30 pa3iB MEHIIE HIXK BUTPATU MOOYTOBUX CTIYHHUX
BO/I.

Q.=Q./5=0,175/7=0,025 m%*no6a
OTxe, 3arajibHI BUTPATH CTIYHUX BOJI, 110 YTBOPIOIOTHCS HA MIAMPUEMCTBI:

Quo6a=Qp+ Qu+Q,=1,79 + 1,58 + 0,025 = 3,395 m*/n06a
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9.1.3. CucreMa OoYMIIIEHHSA CTIYHHUX BOJ

OCKIJbKM BUTPATH CTIYHHUX BOJ, 3@ MOMEPEIHIMHU PO3paxyHKaMU, HE MIEPEBUIIYIOTh
100 m3/m06a, iX JOIIILHO OYMIIATH B MEPIOAMYHOMY pekumi. I Hamoro mianpueMcTBa
HaWKpalmuM BapiaHTOM Oyne BUKOpUCTaHHS MOAYyJbHOI ouncHOi cropyau «CIIBO-6»,
MPU3HAYCHOT U1l O10JIOTIYHOTO OYHIIEHHS TOCIOJapChKO-MIOOYTOBUX 1 TOIMEPEIHBO
OUYMIIIEHUX BUPOOHMUYUX CTIYHMX BOA. Ll ycTaHOBKa BUTOTOBJIEHA B 3aBOJCHKUX YMOBaX
sriggo 3 TY YV 16458959-005-99 i1 sBnsie co0or0 MeTalieBy €MHICTh 31 CIeliaJbHUM
3aXUCHUM MOKPUTTSIM.

MopynsHa cranmiss «CIIBO-6» (Puc. 9.1) TexHOJIOTIYHO BUKOHAHA SIK aeparfiiiHa
YCTaHOBKA, TPU3HAYEHAa JJIs IOBHOTO OKHUCIEHHA 3 CTaOUII3aIl€r0 HAJUIMIIKOBOTO MyJTy. Y

HI{ peasi3oBaHa 6-CTymiHYacTa TEXHOJIOT1I TOBHOTO O10JI0TTYHOTO OYUIIICHHS CTIYHUX BOJI.

Cneo

CamonpoMueHum
DINLTP A004M HHA

(Puc. 9.1) YcranoBka moBHOi OiosoriuHoi ounctku ctiganx Boa CITBO-6

° |-a cTynminb. By3oa1 pery/ioBaHHs nmoaavi CTiYHOI PiIMHN, IKA HAAXOAUTH
B MoayJbHY cTtaHiio «CITBO»

3 PO3NOJLIBLHOT Yalli 0 CaMOIUIMBHOMY TpyOONpPOBOAY CTIUHI BOJM MOJAIOTHCS HA
«CITBO-6», 6e3nocepeIHRO B KaMepy TaClHHS Haopy (By30J1 pEryJIlOBaHHS 10/1a4i BOJIH).
3a 101moMOror0 ubepa BCTaHOBIIOETHCSI HEOOX1THUM BUTpATa CTIYHUX BOJI, III0 HAJXOISITh
Ha MexaHiyHy ouucTKy Moayist «CIIBO-6». Haamuinok CTIYHUX BOJ MO CaMOTUIMBHOMY
TpyOOIPOBOAY MOBEPTAETHCS B YCEPEIHIOBAIbHO-HAKONIMYYBAJIBLHUN pe3epByap, TATHYUYU
3a COOOI0 MOBITPSI, 3aBASKH YOMY 3/IIMCHIOETHCS MPOIIEC T0AATKOBOI aepallii CTIYHOT piAuHU
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1 il mepeMillyBaHHS YCEpeIHIOBadil-HAKOMUYyBayi, IO 3amno0irae 3arHMBAaHHSA CTIYHOI
piavHHU 1 301IbIIYE €(PEKT OUHILICHHS.
e |l-a cryninb. MexaHiuHe OYHILIEHHSA

CriuyH1 BOAM CaMOIJIMBOM HAXOSATh Ha By30J MEXaHIYHOI'O OUYMILIEHHS CTIYHUX BOJ
(curo-xoHTelHEp). B cuTi 3aTpUMyIOThCS MEXaHIYHI JOMIIIKH, (PpaKii€ro OUIbII SMM.
Bunanenns 3aTpuMaHux 3a0pyJHEHb 3 CHUTa 3IIMCHIOETHCS MO Mipl HAKONWYEHHS
3a0pyJHEHb BPYUHY.

e [II- a cryninb. Aepanist CTiIYHHX BOJ i mepeMilllyBaHHS IX 3 AKTHUBHUM MYJIOM

Jlami cTiuHil BOAM MOTPAIUISIIOTH B 30HY aepailii (MOXJIMBa KOMILIEKTallisl yCTAaHOBKHU
aHaepoOHOIO 30HOI0). 30Ha aepaiii MoayhbHOi ctaHili «CIIBO-6» npusHaueHa s
MMOBHOTO OKHCJIEHHS 3a0pyJIHEHb. Y Wi 30HI CTIYHA PIJAMHA HACUYYETHCA KHCHEM 1
NEPEMINIYETbC 3 AKTUBHUM MYJIOM 3a JIOTIOMOTOI0  3ariiMOHOTO  IMIIEJIEPHOTO
€JIEKTPOMEXaHIYHOro aepatopa Tunmy «BMy», kUil miarpuMye BHCOKY KOHUEHTPALIO
aKTUBHOTO MYJy 0e3 moTpedu B cucTeMax 1ojiadl 1 po3noIiTy MOBITPSI.

JlonatkoBo aepaiiiiiHa 30Ha MoOXXe OyTH oOnamHaHa  00'€eMHO-O0JOYHUM
3aBaHTaXEHHSAM, IO I1HTEHCU(]IKye Tpolec O10JOrYHOTO OYMILEHHS Ta CTBOPIOE
CHOPHUSATIIMBI YMOBU I PO3BUTKY TMOBLIBHO 3pOCTAIOYUX IITaMiB MIKPOOPTaHI3MIB —
JNECTPYKTOPIB BaXXKO OKHUCIIOBAHUX 3a0pynHEHb. BHKOpUCTaHHS 1MMOOLII30BaHUX
MIKpOOPTraHi3MiB MiJBHUIILYE HAIIAHICT pOOOTH OYUCHUX CHOPYA, OCOOJIMBO MPHU 3MIiHI
BUTpaATH 200 CKIIaTy CTIYHUX BOJ, 110 OYMIIIYIOTHCS.

e |V -si V-1 cryneni. OcBiT/ieHHs CTIYHMX BOJ

OcCBITNIEHHS CTIYHUX BOJ IIepe10ayeHo B IBOX KaMepax, nepiia 3 sskux (IV-s cTyninb)
CTaHOBUTH €IUHE IIIJIe 13 30HOI0 aeparii. CTiyHa piguHA TPOTIKAE yepe3 OOWIBI CEeKIIil
OCBITJIEHHSI CAaMOIUTMBOM, TIPU I[OMY OOJIOKEHHI MYJI 3 TIEPIIoi KaMepu TOBEPTAETHCS B
30HY aeparlii 6e3rnepepBHO Mi AI€I0 TIAPOAMHAMIYHUX CHII. AKTUBHUN MYJT 3 IPYToi KaMepu
ocBiTIeHHs (V-4 CTyMiHb) MOBEPTAETHCS B 30HY aepallii 6e3mocepeHb0 3a JI0IOMOTOH0
aeparopa.

e VI-s1 cryninb. [lonepeaHs 100YHIIEHHS CTIYHUX BOJ
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Ouwniiena Boja 3 Apyroi KaMepu OCBITJICHHS CAMOIUTMBOM HAIXOIUTh Ha (IILTP
TOOYUCTKHU, SIKUWA CAMOCTIMHO MPOMHUBAETHLCS, 3 TIABAIOYOI0 3€PHUCTUM 3aBaHTAKCHHSIM
(VI-s1 cTyminb) 1 Aaiti Ha BUIYCK 3 MOJTYJIS.

[Ipu  BigkmroueHH1  enekTpoeHeprii  moaynb  «CIIBO-6»  mpamroe sk
0araToCTyIHYACTUN BIICTIMHUK, 3a0€3MEUyr0Yr OYMIIEHHS CTIYHMX BOJ BIJ 3Ba)KEHUX
PEYOBHH, KUPIB 1 IUIaBarouux 3a0pyaHeHb npubmuzno Ha 50%. Ilpu BigHOBIEHHI
CJICKTPOTIOCTAYaHHS YCTAHOBKA ITEPEXOUTh B HOPMaIbHHIA pekuM podotu [48].

9.2. CucremMa 3HEINKOIKEHHS ra30noaiOHuX Biaxoais

CucteMa 3HEIIKO/DKEHHS Ta3oNoJiOHUX BIAXOAIB Ha OIOTEXHOJIOTIYHOMY
BUPOOHUIITBI 3aCTOCOBYE KOMIUIEKCHUNA MiAXiA M0 aHami3dy Ta epeKTUBHOI 0O0poOKu
BUKHU/IIB. ['a30mo/i0H1 BiAXOAM, IO YTBOPIOIOTHCS B IPOIECi BUPOOHHIITBA, MOXKYTh
MICTUTH PI3HOMAHITHI PEYOBUHM Ta ra3H, TOMY iX 3HEHIKOKEHHS € KPUTHYHO BaXKJIMBUM
JUTst 3a0€3IMeUeHHs €KOJIOT1YHOT Oe3MeKH Ta BIMOBITHOCTI CTaHIapTaM.

YTBOpeHHSI Tra3omo/iOHUX BIJIXOJIB, IO MICTITh aepO30Jb KIITUH, Yy BUIJISAIL
BIJINPAllbOBAHOTO MOBITPS MICIs aepalii KyJbTypajdbHOI PIIMHA HA CTAIIsX:

- OTPUMaHHS MOCIBHOTO MaTepiairy B IHOKYJsITopl 06’ emom 10 11

- OTPUMAaHHS OCIBHOrO MaTepially B 1HOKyIsITopi 00’ emom 100 1

- OTpUMaHHS MOCIBHOTO MaTepiany y hepmentepi 00’ emom 1000 i

Po3paxyeMo 06'em Binmpaib0BaHOTO MOBITPS, 3HAIOUH, 1110 BiH MIPUOJIU3HO JOPIBHIOE
o0'eMaM aepaliifHOro MOBITPSI:

Po3paxyeMo makcuMalibHO HEOOX1HY KIJIBKICTh MOBITPS U1l iHOKYJsiTopa Ha 10 o

Vis = Vip * K, = 0,010 * 0,6 = 0,006 * 2 = 0,012 m*/xB = 0,72 M*/rog.

Po3paxyeMo MakcuMalibHO HEOOX1AHY KUIBKICTh IOBITPs 1715 iHOKyJiaTopa Ha 100 i:

V100 = Vip * K, = 0,1 * 0,6 = 0,06 * 2 =0,12 M*xB = 7,2 M*/rop.

Po3paxyeMo MakcMManbHO HEOOXIJIHY KUIbKICTh TMOBITPS IS 1HOKYyJsiTopa Ha 1000

Vo0 = Vip * K; =1 %0,6 =0,6 * 2 = 1,2 m*xB = 72 M*/rop.
Po3paxyeMo MakcuMallbHO HEOOX1HY 3arajibHy KUJIbKICTh MOBITPSI HA LIUKJI:

Vaar = Vis+ Vigo + Vigoo = (0,72 + 7,2 + 72)*24 = 1918,1 m°

84



BpaxoByroun HeBenukuii o0car razonoaionux BukuaiB (1918,1 m*) ta Toit axr, 1o
BUKOPHCTOBYBaHE OOJIaJIHAHHS CKIATAETHCS 3 Ja0OpaTOPHUX MIJOTHUX (PepMEHTEpiB 3
OCHOBHUMHM (UIBTpaMH, SKI OYMINAIOTH TMOBITPsI Tepes WOro BUKUIOM B aTMocdepy,
J0JJaTKOBE OCHAIIEHHS 00 BCTAHOBJICHHS CUCTEM OUYHMIIICHHS BiIPAIlbOBAHOTO MOBITPS HE
€ HEOOX1IHUM.

9.3. CucrTema 3HeNIKOIKEeHHsI TBEPAUX BiAX0iB
TBepai BiAX0au HA MAMPUEMCTBI:

e Oiomaca Torulaspora delbrueckii micis BupoOHHYOro 010CHHTE3Y;

e  GuUIbTPH;

® HENpUJATHI XIMIYHI pEaKTUBH (PEareHTH, 110 3AIUIIAITHCS MICHS XIMIYHUX
MIPOILIECIB, arapu30BaHi cepeAoBUINA 3 yamok [leTpi micist MikpoO10JI0TrTYHOTO KOHTPOJTIO,
BUIIaJIKOBO PO3CHUIIaHI COJII P MPUTOTYBAHHI MOKUBHUX CEPETOBUIL);

e [aKyBaJbHI MaTepianu (KapTOH, MOJIIBIHUIXJIOPHU, MOJTIETHIICH);

e ckJIo (y pe3yJbTaTi CKJI00010 1a00paTOPHOTO MOCYY);

® BUKOPHUCTaHI FaHYIPKH, 3aCO0U 1HAUBITYAIBHOTO 3aXUCTY.

biomaca. Pospaxyemo, ckiabku OioMacu yTBOPUTHCS TPHUOIU3HO 3a OJIMH
BUPOOHMYUNA LMKJI. 3T1HO 3 MONEPEAHIMHU pO3paxyHKaMu (IuB. MyHKT 9.1.1), odikyeTbcs,
110 M1/l Yac OJHOI0 BUPOOHUYOI0 LIUKITY YTBOpUTHCS O01u3bKo 505 T Bosoroi 6iomacu. Lo
HEBEJIMKY KUJIBKICTh MOYKHA MIIaTH 1HAaKTUBAIIll B yOIHHOMY aBTOKJIaBi, a TIOTIM IiepeaaTH
IHIIMM TIATPUEMCTBAM I BUTOTOBJIEHHS TOOPUB.

Henpuoamni ximiuni peaxmusu. Ix cii 36epiraTi oKpeMo B CIeLliaibHO BifBe/eHii
1 mpomapkoBaHii madi, a MOTIM TepeaaBaTH CHEIiaTi30BaHUM OpraHi3amisaM s
yTHIII3alli. Arapru30BaHi cepeIoBHILA 3 Yallok [IeTpi 3 BUPOCTUMU KOJOHISIMU TaKOX CII1]T
1HAaKTUBYBATH B YO1ITHOMY aBTOKJIaBI.

Ilaxysanvhi mamepianu: peKOMEHAYEThCS PO3AUIATH BIIXOHU, TaKl IK MaKyJjaTypa,
[1BX, nmomnieTusieH, CKJI0 TOIIO, Ta CKJIaJaTH iX y BIAMOBIAHI KOHTEHHEPH 3 KpUILIKaMU Mepe/
nepeavyero Ha nepepoOKy y MyHKTH NpUHOMY BTOPUHHOT CUPOBUHHU.

Inwi 6i0xoou. Bonu maroTh OyTH 310paHi B OKpeMi KOHTEHHEpH 3 KPUILIKaMU
(makynatypa, [IBX, momierunen, ckio 1 T.1.) Ta epeiani Ha IepepoOKy 10 MyHKTIB

npUiioMy BTOPCUPOBUHU
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Abstract

Background: Ecological killer yeasts have had few studies compared with laboratory killer yeasts. The killer yeasts
are known in excreting killer toxins that kill sensitive or susceptible yeasts. The killer toxins, such as TK and WK
excreted from two yeast isolates (Torulaspora defbruecki and Wickerhamormyces anomalus) have protenious nature
with different melecular weight depending on yeast species.

Results: A qualitative test was conducted to determine the ahility of both isolates to produce killer toxins on the
media of yeast extract and malt extract broth when the two toxins were fist purified by ammonium sulfate salt at
A6 concentration and then by dialysis for the killer toxin TK and gel filtration method for WK, The molecular
weight of TK was estimated at about 15kDa, while WK was at 45 kDa. The chemical properties of the killer toxins
were also studied. The results showed that the two killer toaxins wers with protenious nature.

Condusion: Both yeast isolates (fomlaspora defbriecki and Wickerharnormyees anomalus) had the ability of producing
different kinds of killer toxins. The two killer taxins (TK and WEK) were identified for the fist time in lrag, and their
production imahes mary steps of economically unexpansive purification method with a good quality and high purity
of praducing killer taxing. The results confirmed that the nature of killer toxins (WK and TK) was similar to protein
compounds resulted from the transition in UV and functional groups.

Keywords: Killer toxins, Protein, Torulaspora defbruecki, Wickerharnomyces anomalus

Introduction with molecular weight (45 KDa) (Melvydas et al. 2016).

Killer yeasts are known in excreting killer toxins that kill
sensitive or susceptible yeasts (Becker and Schmitt
2017). After the first report that indicated, the killer
yeasts have antibacterial abilities, numerous antibacterial
proteins initiating from yeasts have been recognized and
considered as killer toxins. For instance, the Kx killer
toxin secreted by Saccharomyces cerevisiae is protein

* Corres pondenoe: nafwajames Bay ahao.oom
Department of Biology, College of Scence, Unversty of Basrah, Basrah, lag
Full list of author infomation is available at the end of the article

Also, the killer toxin excreted from Candida kruseii, iso-
lated from fermented vegetables, displayed growth inhib-
ition against Escherichia coli, Staphylococcus aureus
Salmonella enterica serotype typhimurion, and Bacillus-
cerens (Waema et al. 2009). Furthermore, 5 cerevisiae
has been reported having a killer activity against some
bacterial strains (Valzano et al. 2016).

In addition to, Al-Qaysi et al. (Al-Qaysi et al. 2017)
have recently demonstrated that the killer roxin orgi-
nated from Debaryomyces hansenii DSMZ70238 have
an ability of killing several bacteria, such as S aureus
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E coli, Klebsiella pneumoniae, and Streptococcus pyo-
genes. According to Lin et al. (Lin et al. 2015), Asco-
mycetous  yeast species are particularly attractive
targets producing killer toxins like proteins, because
such organisms are known in producing a large var-
iety of secondary metabolites and extracellular en-
zymes that have a medical importance as alternative
drugs for bacterial resistant strains, especially MRD
(multi resistance drugs). Regarding the characteristics
required to conduct alcoholic fermentation in industry
for the non-Saccharomyces yeasts such as T. del-
Brueckii and W.anomalus that are identical to the ref-
erent, best-deemed, S cerevisiae. This is why T
delbrueckii and W. anomalis have been taken as the
first non-Saccharomyces yeast suggested for industrial
implementation in wine fermentation (Mauricio et al.
1998). However, small but pertinent dissimilarities in
the physiological features of the two yeasts influence
their option as selects for various industrial applica-
tions. In specific, the particular production range of
killer toxin and raise alcoholic fermentation range by
eliminated un coveted yeast by killer yeast that gener-
ated killer toxins to kill such yeast (Coda et al. 2011).
As a result based on this background, the authors of
this study were searching for killer toxins originated
from ascomycetous yeasts in soil by using two type
straing  (Torulaspora  delbrueckii and  Wickerhamo-
myces anomalus) as examined strains. Accordingly,
the isolation, purification, and some properties of two
killer toxins were described. The killer toxins pro-
duced by T. delbrueckii and W. anomalus were called
TK and WK respectively.

Material and methods

Yeast strains

The killer yeast strains Torwaspora delbrueckii and
Wickerhamontyces anomalus were isolated from soil—
Basrah (Abu-Alkhaseeb and Al-Qurna)-Iraq.

Cuhlure media

Yeast malt extract broth (YMB) with 1% SDS: yeast ex-
tract 3 g, malt extract 3 g, peptone 5g, glucose 10g, SDS
2 g, distilled water 1000 ml (Jorgensen et al. 2015); nutri-
ent agar (Himedia, India) for antibacterial activity and
activation of pathogenic bacteria, potato dextrose agar
{Oxoid, UK) for the activation of yeast isolates.

Purification of killer toxins (TK, WK)

Fermentation medium

During this study, the best fermentation conditions were
selected (medium of producing killer toxins), which is
the medium of yeast malt extract broth (YMB) (Jorgen-
sen et al. 2015) added to it is sodium dodecyl sulfate
0.2% (5DS) with the optimum conditions 30C” for 3-5
days and rotated at 150 rprm.

Protein purification

Precipitation with ammonium sulfate salt

The precipitation total protein with ammonium sulfate
salts at the concentration of 40% weight/volume (satur-
ation ratio) of the crude protein extracted from the best
liquid fermentation culture filtrate for two isolates Toru-
laspora  delbrueckii and Wickethamoniyces anomalus
after the elimination of the yeast cells by centrifugation
at 6000 rpm/min for 20min. Salt was added gradually
with continuous stirring. After complete dissolving, the
solution was left for an hour at 4 C°. For the purpose of
obtaining the crude protein, the solution was centrifuged
with the high-speed centrifuge (10,000 rpm/min for 10
min) modify in time and number of round per minute of
centrifuge (Taguchi 1995).

Dialysis

The crude protein precipitate which was weighed 4.1 g
for Torwlaspora delbrueckii, obtained from the above
stage was dissolved with 125mL of the buffer solution
(citrate buffer), (pH = 4.4) for the dialysis process using
special dialysis bags to this purpose using (3,10) KDa
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Table 1 Surnmary of the purfication procedune of Kller toxin from Tondaspona gelbneck

Stage Vaolume {mi) Protein concentration Spedfic activity Total activity (LI Purification factor Yield %
img/ml) {Usmag) {iold)

Culture supernatant 00 5 & 7,000 1 100

Ammanium sulfate predpitation 125 41 68 3500 1.133 129

Dialysiz 134 Qo4 750 4020 10 148

dialysis bags. The process of dialysis was done at 4°C for
48h with dialysis solution (distilled water) changed
almost every 12 h The size of the protein extract was es-
timated with milliliter, and its protein concentration was
estimated, then lyophilization is the purified protein,
preserved it for biological activity.

Note: The purify of the protein was checked by using
vertical electrophoresis SDS-PAGE. Purification of killer
toxins from Wickerhumomyces anomalis by sephadex
G-LH 20 (Villalba et al. 2016).

Fractionation of protein extract on G-20 sephadex

The gel chromatography was used for purification of
protein extract into molecular size according to the
method of Taguchi (1995) with modification as follows:

e Sephadex G-20 2g dry weight was activated in about
50 ml of ice methanol for 15 min to provide gel for a
(1 = 15) cm column,

e Sodium azide was added to column (MaN3) o prevent
contamination; the gel was left after pouring in the
column for 18 h to the purpose of stabilization and
stacking, and then wash the gel by methanol.

+ Void volume (Vo) using the blue Dextran 2000 KDa
dye at 0.01 g/ml concentration.

Measuring of protein concentration in purified killer toxin
The protein concentration of purified killer toxin was
measured after pooling the tubes that form each peak to-
gether, the measurement was carried out using Lowry
method. The Lowry protein assay is a biochemical test for
defining the level of total protein in a solution. The con-
centration of total protein is displayed by the changes of
sample solution color in ratio to the concentration of pro-
tein concentration that can be caleulated using colorimet-
e techniques with using bovine serum albumin (BSA) as

a standard protein with graduate concentrations (100 to
1000 pg/ml) (Lowery et al. 1951).

Polyacrylamide gel electrophoresis

The procedure according to the principle of (Laemmli
1970), SDS-PAGE depends on the separation of proteins
and their molecular weight. In the present study, 12% re-
solving gel was made for analysis, (0,025 M Tris, 025M
glycine, 0.1% SDS) for 1x tank buffer for SDS-PAGE.
The protein samples to be analyzed were loaded into the
wells formed in the resolving gel with a fine tip. The
samples were electrophoresed for 60 min at 80 volts then
the voltage was increased to 100 volts for another 60
min. Coomassie blue was used for staining polyacryl-
amide gels after electrophoresis to visualize the resolved
protein bands, destain solution is prepared as follows:
methanol 10 ml, glacial acetic acid 10 ml, D.W. 80 ml.

Biclogical activity of purified killer toxins extracted as
antifungal

The susceptibility test of the purified toxins was per
formed as described in (Al-Hilfy and Abu-Mejdad 2014),
A 100 pl from the suspension of Candida albicans which
obtained it from Al-Zubair Hospital, patient suffering
from cutaneous candidiasis and identifying it by ITS51-
5.8rRNA-ITS2 in mycological lab, then added suspen-
sion of yeast to the Sabourauds agar, spread it by L-
shaped glass spreader. The plates were left to dry for 15
min at room temperature and then wells with 6 mm
diameter were made using cork-borer. After that, a
100pl of killer toxins (TK, WK) at concentration of 200
mg/ml, DW were added individually to each well and in-
cubated at 37C° for 24h The results were read by
measuring the inhibition zone diameter in millimeter.

Table 2 Surnmary of the purfication procedure of Kiler toxin from Wickerhamormpces anomalus

Stage Violume {mil} Protein concentration  Spedfic activity  Total activity (L) Purification factor {loldl  Yield %
imgimi} {U/mg)
Cufture supemant 200 53 Gl 31,500 1 100
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Fig. 4 Commassie blue stained SDS-PAGE profile of total protins purifiad (WK) for Wickerhamamyces anamalus by jon exchange chromatography

clarified the concentration and amount of TK was more
than WK after purification of each them individually.

SDS-PAGE

The results of the analysis of purified proteins on SDS-
PAGE 12 % were shown sharp bands (WK) for Wicker-
hamomyces anomalus at 15 KDa (expected size) com-
pared with Ladder. Figure 3 and the results shown (TK)
for Torulaspora delbrueckii presence of ~ 45 KDa (ex-
pected size) band compared with Ladder (Fig 4).

UV absorption spectroscopy of TK and WK killer toxins

Figures 5 and 6 show the UV absorption spectra in dis-
tilled water. One strong absorption bands at lower wave-
lengths appeared 237 nm for TK UV, while two strong
absorption bands at lower wavelengths appeared within
229-264 nm for WK UV. These absorption bands corres-
pond to n—n* transitions that appear due to groups like
O-H and N-H. At longer wavelengths, the absorption
spectra showed weak third bands within 283 in TK UV,
317nm in WK UV which could be correlated to n-n*
transitions that appear due to groups like O-H and N-H.
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The killer toxin secreted by Kiuyveromyces phatfii (KpKi) is active against spoilage yeast under
winemaking conditions and thus has potential applications in the biocontrol of undesired
micro-onganisms in the wine industry. Biochemical charactenzation and M-terminal sequencing of
the purified toxin show that Kpkt iz a glycosylated protein with a molecular mass of 33 kDa.
Maoreover, it shows 83 % and B0 % identity to a §-1,3-glucanase of Saccharomyces cers wsiae and
a fi-1,3-glucan transferase of Candida albicans, respectively, and it iz active on laminanin

and glucan, thus showing a f-glucanase activity. Competitive inhibition of killer activity by cell-wall
polysaccharides suggests that glucan (1,3 and f~1,6 branched glucans) represents the first
receptor site of the toxin on the emvelope of the sansitive target. Fow cytometry analysis of

Recaved B Maxh 2004
Fevmed 29 Ageil 2004
Accepled 20 May 2004 for Kpkt.

the sensitive target after treatment with Kpkt and K1 toxin of 5 cerevisize, known o cause loss
of cell viahility vis formation of pores in the cell membrane, suggests a different mode of action

INTRODUCTION

Killer toxins were first discovered in Saccharomryces
cerevisiae by Makower & Bevan (1963) and they have
since been found n nomerous other yeast genera
(Philliskirk & Young, 1975; Stumm er al, 1977; Rosini,
1983, 1985; Starmer ef al, 1987). Through the following
vears, killer yeasts and their toxins found applications in
several fields. For example, killer yeasts have provided an
interesting model for studying the mechanisms involved in
the procesang and secretion of extracellular proteins, and
the identification of killer toxin receptors on the envelope of
sensitive targets has helped in the ducidation of the
structure and function of the yeas cell wall. Killer yeasts
have been used to combat contaminating wild yeasts in the
food and fermentation industrics, and to control wood-
decay hasidiomycetes and plant-pathogenic fungi (Young,
1987; Boone eral., 1990; Palpacelli eral., 1991, van Vuuren &
Jacobs, 1992; Walker et al., 1995). In the medical field, these
yeasts have been used in the biotyping of pathogenic yeasts
and yeast-like fungi (Morace e al, 1989; Boedihout &
Scorzetti, 1997 Buzzini & Martini, 2001), and in the
development of novel antimycotics for the treatment of
human and animal fungal infections (Hodgson er al., 1995;
Seguy et al, 1998; Conti er al, 2002 Schmitt & Breinig,
2002).

Abbreviations: all arbilmry unils; KpKl, K phalfe ke losn;
A, propadium iodide

Recently, it has been shown that Kluyveromyces phaffii (since
redassified as Tetrapisipora phaffis) (Ueda-Mishimura &
Mikata, 1999) produces a killer toxin (Kpkt) that is active
on wine spoilage yeasts (Ciani & Fatichenti, 2001 ). KpKt has
an extensive anti-HansenisporalKlogckera activity under
winemaking conditions and, therefore, is of particolar
interest for its potential application as an antimicrobial
agent in the wine industry (Ciani & Fatichenti, 2001). At
present, the inhibition of wild spoilage yeast at the pre-
fermentative stage is achieved by the addition of S0, to
freshly pressed must. This antiseptic agent, which has been
shown to have a toxic action on humans, is also re-added at
the end of fermentation for its antioxidant propertics. The
use of KpKt as a substitute for 50, during the pre-
fermentative stage would imit SO use to only the post-
fermentative stage, thus redudng the total amount of this
antimicrobial in the final product. Moreover, a= KpKt
is also active against yeasts beonging to the species
Saccharomycodes ludwigs, Zygosaccharomyces balin and
Zygosaccharomyces rowil, the possible use of this toxin for
the control of spoilage yeasts in sweet beverages may also be
promising [ Palpacelli eral, 1991).

In order to gain information on the nature and mode of
action of KpKt in view of its possible use in the wine and
beverage industrics, the purpose of this sudy was the
characterization of this K. phaffu killer toxin. The active
protein was purified and asayed for its molecular mass,
glycosylation and enzymic activity. The Kpkt NH ;-terminal
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sequencing, primary binding sites within the cell wall of
sensitive yeasts, and mode of action were also investigated.

METHODS

Micro-organisms and media. The following strains, belonging to
the Industrial Yeast Collection of the University of Perugia
(DEVPG), were used: DEVPG 6076, the K. phaffis killer strain;
DEVPG 6497, the 5 cerevisiae strain with K1 killer activity; DEVPG
6500, a sensdtive 5. cerevisige strain; and DEVPG 3037, a KpKt-
sensitive strain of Harsemiaspora wvarim. The yeast strains wene sub-
cultured at 6-month intervals on malt agar and maintained at 6 "C.
The media used induded: malt agar (Difco), ¥PIN[I% Bacto yeast
extract, 1% Bacto peptone, 2% (wjv] glicose] and a synthetic
mediom (SM) [0-67 % Yeast Mitrogen Base (Difco), 2% [wiv)
glucose]. All media were buffered at pH 4-5 with 100 mM citrate/
phosphate buffer. Agar (Difco) was added when needed (1-8% ).

Killer activity assay and measurement. Kpkt activity was deter-
mined according to Somers & Bevan (1969). Briefly, 70 pl toxin
samples were filter-sterilized through 0-45 pm pore-size membrane
filters (Millipore) and put into wells (7 mm diameter) cut in the
malt agar plates that had previously been seeded with 10° cells ml ™
of a sensdtive indicator strain. The killing activity was measured as
the diameter of the inhibition halo around the well after incubation
for 72 h at 20°C, and is defined as the mean zone of inhibition of
replicate wells The linear relationship ohserved between the log-
arithm of killer toxin concentration and the diameter of the inhibi-
tion halo assayed by this well-test method was used to define KpKt
adctivity in arbitrary units (alf). One all is defined as the toxin con-
centratione that results m an inhibiton halo of 15 mm (actual dia-
meter 8 mm, considering the 7 mm diameter of the well) (Ciani &
Fatichenti, 2001). One all corresponds to about 1-0 pg killer protein

KpKt production. K. phaffii (DEVPG 6076) was cultivated in 5M
in a 21 bench-top fermenter (Biostat C, B. Braun Biotech) with a
1-8 | working volume. The oxygen concentration was maintained at
0% by automatically regulating the stirrer. The temperature was
maintained at 25 °C. After 40 h, the culture was centrifuged (5000 g
for 10 min, 4°C) and the supernatant was filter-sterilized through
0-45 pm pore-size membrane filters (Millipare).

Purification of KpKt The filter-sterilized supernatant was concen-
trated with Amicon YM10 (10 kDa cut-off membrane; Phamacia)
to a final volume of 12 ml, which was then dialysed with 10 mM
citrate/phosphate  buffer, pH 4-5, usng dialyss  membrane
(12-14 kDa, Medicell), and applied to a pre-equilibrated (10 mM
citrate/phosphate  buffer, pH 4-5) (}-Sepharose Fast Flow IEX
column (50 ml bed wolume; 3 ml min™"' flow mte; Amersham
Binsciences). After application of the smple (34 mg pmotein in
12 ml) to the column, the bound protein was eluted with the follow-
ing step-wise increases in the NaCl concentration in the elution
buffer (10 mM cllIatc,n‘PhnspI‘latc. PH4-5): 0, 100, 125, 150, 175,
200, 300, 400, 500 mbd

Electrophoresis and mass remetry. SD5-PAGE was per-
formed according to Laemmli (1970). The protein was stained with
Coomassie blue R-250 (Sigma) and the molecular mass determined
by comparison with known marker proteins (Pre-staned Protein
Ladder, MBI Fermentag LMW-5D5, Pharmada Biotech). The mole-
cular mass of the purified killer toxin was confirmed by mass spec-
tometry (MALDI-TOF-MS; Waters Corp.), using the following
modalities: instrument, TofSpec-E; source voltage, 20000 V; mode,
linear; ionization mode, LD+ . The mass acouracy and predsion of
the technique are consistently within 0-04 %.

Endanlurneidaes M frastmant nf Knlt Eolt wae treated with

assay was performed following the procedure described by Elgersma
et al. (1997). In brief, 5 gl endoglycosidase H (0-001 TU @l ™") was
added to 25 pl KpKt (25 all) and 70 pl buffer (150 mM sodium
dtrate, pH 5-5, 1 mM PMSF, 10 pM pepstatin, 5 mM sodium azide,
643 yl HaO). Samples were incubated at 37 °C for 48 h, with gentle
agitation, and subjected to SDS-PAGE, as described above.

MH,-terminal amino acid sequencing. After clectrophoresis, the
purified KpKt was transferred to a PVDF membrane and stained
with Coomassie blue, as described by Steinberg er al (2001). The
melevant band was cut out and subjected to 15 cydes of sequence
analysis in a protein sequencer (Applied Biosystems).

Enzymic activity., fi-Glucanase activity was determined as described
by Motario (1982) by using as enzymic substrates laminarin and
gucan. The units of fglucanase activity are defined as pmol ghicose
liberated per mg protein per min. Glucose was determined by using
the enzymic kit no. 716251 (Boehringer Mannheim). Lamnarinase
(Sigma-Aldrich) was used as postive contm] of enzymic activity.

Binding of KpKt by cell-wall polysaccharides. The sensitive H.
wvarien strain (DEVPG 3037; 10° cells ml™") was treated with the
killer toxin (70 all mI™") in the absence or presence of 9 mg ml™'
of the following cell-wall polysaccharides: laminarin (Sigma), mannan
(Sigma), glucan (Sigma) and pustulan (Calbiochem). After an incuba-
tion at 25°C for 24 h, the cell samples were subjected to viable cell
counts to assess the binding activities of the polysaccharides.

Evaluation of KpKt mode of action. The semsitive strains
{10 cells ml™") were incubated with 48 aU killer toxins (KpKt and
K1) at 25°C in a fina volume of 1-5 mL At each sampling time,
100 pl cell suspension was pelleted by centrifugation (2 min at
400 g, vesuspended in 500 pl PES buffer (8 mM Na,HPO,,
147 mM KH PO, 137 mM Nall, 2-7 mM KCl) to which 50 pl
propidium iodide (PI) solution (1 mg ml ™", in the same buffer] was
added, and finally processed on a Coulter Epics XL (Beckman
Coulter). Forward scatter (FS) and side scatter (55) were recorded
using a linear scale. The intenaty of fluorescence at FL3 (red fluores-
cence, 620 nm) was measured on a logarithmic scale and displayed
in a single-parameter histogram. At the time defined for the flow
oytometry assay, aliquots of the cell suspensions were subjected to a
viahle plate count in triplicate in YPD agar plates The plates were
incubated for a mnimum of 48 h at 25°C, the colonies were
counted, and the results were expressed as percentage reduction in
cfun ml™"

RESULTS

Production and purification of KpKt

Previous studies have shown that KpKt production is
enhanced by the presence of yeast extract and organic
nitrogen compounds in the growth medium (Rosini &
Palpacelli, 1988). However, to avoid high-molecular-mass
compounds in the supematant and to facilitate the
purification of the killer protein, in the present study SM
was wsed for DBV PG 6076 growth and KpKt productionina
bench-top fermenter. As expected, the use of SM resulted in
alimited amount of total protein and a low KpKtactivity in
the culture broth (Table 1). Therefore, the killer toxin was
concentrated 130-fold by ultrafiltration before purification
on a ()-Sepharose Fast Flow anion-exchange column. The
fraction containing KoKt was eluted with 125 mM NaCl in
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Table 1. Purfication of KpKt from K phaffi

Purification procedures are described in Methods; 1 all is defined a2 the todin concentration that cases

a dear zone of 80 mm amund the well

Step Totd  Total  Activity  Total  Specific activity Purfication  Yield
volume protein  (al ml™)  activity (all mg ™"} { fold) (%)

[ml) (mg) (L1}
Colture brah 1800 144 03 540 38 1 100
Ultrafiltra tien 12 34 3 72 109 29 69
-Sepharse 12 006 54 65 1083 85 12

of the purified protein increased by 285-fold and 12 % of the
killer protein was recovered (Table 1)

SDS-PAGE of the sample collected after these purification
procedures showed a single protein band with an apparent
molecular mass of 33kDa (Fig. 1). The purity and
molecular mass of Kpkt were confirmed by mass spectro-
metry, which showed the presence of a main peak of
33-07 kDa (not shown).

Properties of KpKt

Treatment of the purified Kpkt protein with endoglycosi-
dase H led to a slight reduction in the molecular mas of
KpKt, with estimated mass of carbohydrate of about 10 % of
total molecular mass of killer protein as shown in Fig. 2.

Thus, as with other known killer proteins, Epkt is
glycosylated.

With the aim of identifying the first receptor ate of Kpklt on
the envelope of sensitive cells, the competitive inhibition of
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Fig. 1. SDS-PAGE of the purified KpKt kiler towin, The facton
eled at 125 mM MaCl and containng the killer tomin actviy
wias analysed by SDS-PAGE and staned with Coomasse blse.
M, prestined molecular mass markers (MBIl Fermentas); amrow,
purified killer prokein

laller toxin action by cell-wall polysaccharides was investi-
gated usng mannan, laminarin (mainly §-1,3-, with a few
fi-1,6-linked glucans), pustulan (-1 6-glucan) and glucan
(fi-1,3- and fi-1,6-branched glucans). The reanlts show that
only glucan was able to competitively inhibit Kpkt lilling
action and enhance ol survival (Fg 3). In contras,
mannan, laminarin and pustulan could not rescue the cells,
posahly due to their inability to bind Kpkt (Fg. 3).

N-terminal sequencing and enzymic activity of
KpKt

Purified Kpkt was blotted onto PVDF membrane and
subjected to NH;-terminal sequendng for the eluddation of
the nature of this protein. A BTAST analysis of the 15 amino
add sequences obtained failed to detect significant homo-
logies with any known killer toxine in protein databases,
However, the NH;-terminal region of KpKt shows 93 %
identity and 100% similarity to a f-1,3-glcanase of
S, cerevimae, and 80% identity and 100% similarity to a
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Fig. 2. Endoglcosdase reatment of KpKL A 25 all sample of
purified KpKt was treated with 005 I endoghcosdase H,
incubated for 48 h at 37 °C with gentle agitation, and analysed
by SDS-PAGE againel a negatve control (untreated Kpki) M,
molecular mass markers LMW-SDS, Pharmacia Biotech).
Lares 1 and 2 contin kiler towin untrealed and teated with
endoglycosdase H, respectively.
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TABLE 3. Efiect of papain on Kpkt® aciviry”

CFU (10F ml "}
Time () Cortrol Killer Lowin and
Mo killer toxin Killer toxin papain
0 03 02 04
4 580 02 180

* Toxin concentration, 14.3 AU ml ",

The diamelers of the zones of inhibition [measured in the well test assay) for
& reveviviae were as follows: without killer toxin, (10 mm; with killer toin, B.5
mm; and with killer loxin and papain, 00 mm. The diamelers of the zones of
inhibition (measured in the well st assay) for [ seones were = follows:
without killer toxin, 0.0 mm;, with killer toxin, 4.5 mm; and wilh killer toxin and
jpapain, O mm.

tive M. wvanen strain. The killer activity observed for both
sensitive strains was completely lost at pH 6. At pH 2.8 the
toxin showed reduced activity agrinst 5. cerevisiae, whereas no
activity was observed against H. wverem. Regarding the influ-
ence of temperature, the killer activity was stable up to 25°C
(Fig. 1B), whereas higher temperatures caused a progressive
decrease of the activity of Kpkt. No activity was found after 2h
of incubation at 40°C. Heat treatment (100°C for 10 min)
caused loss of actvity. These results were confirmed by a via-
ble-cell count assay (data not shown).
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FIG. 1. Effecs of pH (A) and wemperamre (B) on the aciivity of
Epke pH effects were evaluated by the well west assay. Mal agar was
buffered from pH 2.8 w 6.0 10 mM civrase-phosphare buffier] The sowxin
concentration was 143 AU mi-'. Afier 2 b of incubation an various
wemperatures, the killer activiy was evaluated by the well e assay
{pH 4.5). The wxin concentration was 14.3 AU ml-". Dma are given
as means + sandard deviations of an keast duplicawe experimems.
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FIG. 2. Fungisaie and fungirid.ia] aanvity of Kpkr evalnaed by
O anit {A) and log CFU ml~" (B). Cells were grown in YPD broth
bufered a1 pH 4.5. The initial inoculem conwined 107} wvarum cells
mi~". Each sampling point represents the mean of duplicate exper-
menis. The variation was less than 1095,

Muode of action of Kpkt against H. nrarmm DEVPG 3037,
The cffects of Kpkt on H. wvarwm DEVPG 3037 growth were
tested in liquid media at difierent concentrations of the killer
factor. The growth of M. wworum (assayed by measuring the
0Dy, after 24 h of incubation at 20°C) showed a progressive
reduction with increased toxin concentrations. Interestingly, at
the toxin concentration comresponding to 143 AU in the so-
pernatant {(Fig. 2A), no growth was observed. In another trial,
the evaluation of the viable cells during the first 8 h of growth
confirmed that the eritical concentration necessary for a fun-
gicidal effect was 143 AU (Fig. 2B). Lower concentrations
appeared fungistatic for H. wweram, extending lag phase for 2h
befare growth resumed.

In order to assess the modality of action of Kpkt, the growth
rate reduction assay (25) was carried out. The plotting of
increased concentrations of the killer toxin against the growth
rate (Fig. 3) showed an exponential relationship with typical
saturation kinetics.

Activity of Kpki in grape juice. In order to verify the poten-
tizl of DBVPG 6076 as a biological antiyeast agent in wine
making, DBVPG 6076 toxin activity was assayed in natural
grape juice. Morcover, the activitics of Kpkt and 50, the
chemical antizeptic agent universally used in winemaking, were
compared. Figure 4 shows the development of viable H. wva-

Diervmboaded from g ounal sen org'jownal fsem on 11 May 2023 by 46229 61 91

99



Biosei Biorerhmal. Biockhes , 68 (3), 685693, 2004

J3A

Isolation and Characterization of the K5-Type Yeast Killer Protein
and Its Homology with an Exo-8-13-glucanase
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ES-type yeast killer protein in the culture super-
natant of Pichis anomals NOCYC 434 cells was concen-
trated by ultrafilt ration amd purified to bomogenity by
lom-exchange chromategraphy with a POROS HQ /M
column followed by gel filkraton with a TSK G2WM0OSW
column The proteln migrated as a single band on
dEcmtnous gradient SDS-PAGE amd had a molecular
mass of 490D The pl value of the K5-iype killer
protein was measured at pH 3.7 by high voltage vertcal
gel electrofocusing. The result of an enzyme [mommo
aszay revealed that it was a glycosylated protein. Its
internmal amine acdd sequencing yielded the sequences
LEDFWQQGYHNL, IPEGYWAFQLLDNDPY, and
YEGEDYGDVVIGIELL, which are 100% identical to
ex-f- 1 3-plucanase (accession no. AJI2ZZE6D of Pickia
anomala (strain K. The purified proteln was highly
stable at pH values between 3 and 55 amd temperatures
up to 3TC,

Key words:  killer yeast: Pichia anomola; K5 type killer
proein; exo-f 1,3-glucanase

The killer phenotype, which was fist discoverad by
Bevan and Makower!! in Sacchammyces cerevisiae, is
widely distributed among yeast®™ Yeast strains with
killer phenotype (K*) produece and excrete into the
environment proteins or glycoproteins that are lothal to
sensitive microbial cells. ™ Thus these proteins are
designated as killer proteins or killer toxins. ™ Young &
Yagiu® have investigated the killer strains of the genera
Saccharomyces, Candida, Hansenda, Kbiyveronyces,
and Pickiz, and on the basis of killing and immunity
crmss-reactions among them classified the killers into ten
typical (K 1-K 10} types to which another type (K1 1) was
added later.'™ In recent years several new killer yeast
strains have boen reported and their toxins characterized
but they ame not yet classified acconding to the above
criteria ! -1®

The genomes of the toxins have been mapped either
on extra-chromosomal elements in the form of double-
stranded RNA vinuslike particles®**® or double
stranded linear DNA  plasmids™ ™ or a chromo-
some. " Killer toxins also have different killing

mechanisms on sensitive cells. They disrupt cyioplasmic
membrane function by ion channel formation™ or
mterfere with cell wall synthesis by inhibiting #-13-
glucan synthase ™ In some cases toxin blocks both the
DMA synthesis and the budding cycle™ or armest cell
divison at (51 phase ™!

Killer toxin prdection confers an advantage on
strains in competing with sensitive cells for mstrients
gvailable in their environment¥ Varous potential
applications have been studied and suggested for killer
yeasts and their toxins. They can be used to eliminate
undesimble contaminating yeasts during fermentations
by conferring the killer character on starter strains™—%
and can be considered as hio-contml agents in the
preservation of foods, ™ In the medical field, the killer
character can be a useful means of biotyping the
pathogenic yeasts™ and hacteria™ and the killer toxins
have heen suggested as potential antimicrobial agents in
the treatment of infections ¥ Although there is
considerable amount of published information concem-
ing the applications of yeast killer toxins, among the 11
typical types, only K1, K2® and K6 have been
chamcterized. Herein we describe the purification and
chamcterization of the K5 type yeast killer protein
produced by the standard K5 killer type strain of Pichia
anomala!=®

Materials and Methods

Yensr strains and cultiere media. Pichia anomaela from
the Mational Collection of Yeast Cultures, UK (NCYC
434, B5) was used as the source of ES type killer protein
and Saceharomyces cerevigiae NCYC 1006 was used as
the killertoxin-sensitive strain. Sirains wene routinely
maintained on YEPD agar, comprizing 1% (w/v) Bacto-
yeast extract (Difca), 2% (w/v) Bacto-peptone (Difco),
2% (w/v) dextrose (Merck), and 2% (w/v) Bacin-agar
(Difco) at pH 5.5. For killer-activity determination it
was buffered to pH 3.0-6.0 at intervals of 0.5 pH units
with 100 ms citrate-phosphate buffer. P. anomola cells
in liquid culture were grown either in YEPD or YNBG
comprising 067% (w/v) yeast nitmgen hase without
amino acids (Difco) and 2% (w/v) gleocose (Memck)

t Ta whom comespondence: shoald be addressed. Tel: $90-312-2103177; Fax: +90-312-210 1289; E-mail: Zga@metnedas
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Prjperties of KS.Type Veast Killer Priein 8
Table 1. Pwificaion of K5 Type Yeast Killer Texin

Sep Valome Progein Aativity of ller tooin Total peorifi cadi omi Total recovery

{ml) (mg/ml} (mgh L) (U jmg) (Fald) {9y
Cell-free coltmre liguid 10 128 1Z800 Lo s 10 100
Concentraied culimre Hgmd 0 1 1420 51z 36 12 =0
PORDS HOYM & 486 = X 140 R0 &l
TSE GHNSW & 1 [ 1200 A 400 19

A B
[
— —_
i

12 3

Fig- 3 Native Prowin Profiles of P asoemala NOYC 44 (KS)
Culture Supematants.
Extracellular prteins (15 ug) prepared from YEPD e 1) md
YNBG (lne 2) liguid coliwres along with parified K5 type Kller
protein (2g) e 3) wes non on a 15% masive palyacrylhmide gel.

the purification steps is shown in Table 1. Subsequently
native-PAGE profiles of extracellular proteins of YEPD
and YNBG media were compared. Absence of a single
band in the exwract of YNBG, adjacent to the izolated
protein, further confirmed the presence of a single type
of killer protein in the culture medium and its purity
{Fg. 3.

(Thraracterization of the purified roxin

Molecular mass

On a discontinows gradient SDS-PAGE with a wide
range maolecular mass markers the toxin moved in a
zingle bhand in front of glutamate dehydrogenase
(55,562 Da). The molecular mass of the toxin was
estimated i he 49 000Da (Fig. 4).

Teoelectric point
On a pH 3-10 gradient native polyacrylamide gel
with broad range pl markers the toxin focused between

12 1 1 2 &

Fig & DS Prlvacrylumide Gel Flectm phoresis (520 gradient) of
K5 Type Yeas Killer Progan
{A) Coomassie blueand (B) Silversained gek. Lanes 1 and 3am
malecul e mass markess (Dak (2 o -magoglobaolin 170, 000; &) &
palactondase 116.35%; {c) foctose-6-phosphate bnase 85,30, (d)
shamae dehydrogenase 55563 &) aldolise 39 21% () wiose
phesphate isomerase 26626 (g) wypein-nhibics X0 100; (B)
Tysazyme 14,307, (i) aprotinin 6,500 Lane ? & KSaype veast killer
prokedn (2 gl

=0y¥a bean trypsin inhibiwr (pl 4.55) and amyloghico-
sidase (pI 3.5). A pl value of 3.7 was decided for the
toxin (Fig. 5).

Cilven sylation

The result of the enzyme-immuno assay revealed that
the toxin was a glycosylated protein since there was a
positive signal on the membrane in the position
coresponding to the toxin (Fig. 6).

Tnrermal amino acid seguences

Tryptic peptides of the purified toxin wene separated
by reversed phaze HPLC and the fractions 44 and 81
{Fig. T) were caollected and applied to an amino acid
soquencer.  Fracion 44 gave a  soquence  of
INDFWOQOQGYHNL and fraction &1 revealed two
poptide  sequences  of IPIGYWAFQLLDNDPY  and
YEGESDYGDVVIGIELL. These internal amino acid
soquences shared 100% homology with exo-8-13-
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[ Lopes and Sangorrin, 2000; Sangorin et al, 2008). The killer capacity
of T delbreeckii was reported for the first time in a previous work
from our laboratory {Sangornin et al., 2007) butonly some ecological
aspects of this capacity have been evaluated until now [Lopes and
Sangorrin, 2010). Because T. delbreedsd is ethanol-tolerant wine yeast
detected in advanced stages of wine Ermentations in Morth-Patagonia
and other wine-regions wordwide (Ciani and Maccarelli 1998;
Renauld et al., 2009), the killer tavins produced by this species could
be interesting for wine spoilage yeast hiscontral.

This paper foruses on the chamcerization of a killer toxin of
T. delbrueckdi, its biechemical properties and its ability to biocontrol
different wine spoilage species Crude extracts of the zelected killer
tztin were wsed to evaluate the stability of TEKT in cendogical condi-
tions and its putative mode of action, on sensitive strains

2, Materials and methods
2 1. Yeast strains and media

Eighteen T. ddbrusckd killer yeast strains from Morth Patagonia, the
type strains of T. delbrueckil NRRL ¥-866 and the sensitive reference
strain Candidn globrata NCY'C 388 were used for killer assays. A total of
12 strains of Bre ramomyces breee lensis (NRRLY-411, CECT 2113, INTA
VC20), Pichia manshurica {NPCC 1038), P. membranifodens (NRRL Y-
2026, INTA K21, USACH 3000, NPCC 10949) and P. guilliermondii | NRRL
Y¥-075, NPCC 1055, USACH 3008, NPCC 1070 ) from different origins
were used as representatives of wine spoilage yeasts. The yeasts
were maintained in the GPY-agar medium (20 g/l glucose, 10 g/L
peptone, 5 g/l yeast extract and 20 g/L agar, pH 6.0). In the case of
B. brielensis strains, the medium was supplemented with 5 g/ of
calcium carbonate. All strains were maintained in the North Patago-
nian Culture Collection (NPCC Neuwguén, Argentina ). Six commercial
Saccharomyces cerevisioe yeast starters habitually used in Morth Pat-
agonian wineries from different supplier companies were also used.

2.2, Killer towvin adivity amsays

dure described by Lopes and Sangorrin { 2010). The lawn yeast was des-
ignated as sensitive when a clear zone of inhibition generlly fringed
with blue colour was ohserved sumounding the killer yeast streak
after incubation for 48 h at 20 °C Assays were performed in duplicate.

2.2 2 Quani tative methods

2221, Well test method (WTM). Killer activity of the crude extracts
{Section 2.3) was determined aginst C glabnora NCY'C 388 according
to De Ingeniis et al. (2009) with modifications. The killer activity was
evalated as the diameter of the inhibition halo [3-5 mm) amund the
well after incubation for 48 h at 20°C and it was defined as the mean
of two replicate wells.

2222 Multiwell method [MWM). Killer activity of crude extracts
[Section 2.3) was determined againsgt C glabnota NCY'C 388 according
to Guyand etal (2002) with modifications. One unit of Kiler activity
(KU} was defined as the wolume of tosdn extract necessary to inhibit
50r% of the sendtive mfemrence stain growth after 48 h of incubation at
20 °C. Assays were performed in quadnuplicate.

2.3, Production of kller toxin exracts

Cultures were parformed in 2 L Erlenmeyer flasks containing 1L
YEPD broth incubated at 20 °C. Growth was evaluated by measuring
the 0D, The production of killer toodns was monitored during the
batch cultivation of the producing s@in by means of the multiwell

method [MWM), aliquots of 30 mL of the cultures were collected
daily and used for crude extract preparation. Once cultures reached
the stationary phase, cells were removed by centrifugation at 5000 =g
fior 10 min at 4 °C. The protein mix containing TdKT was obtained by
\preci pita tion of culture a0 pern atant with 80 wy v ammeonium sulphate
andcentrifugation at 7000 = g_The pellet obtained was resuspendedin a
100 mM citrate- phosphate buffer pH 4.5, dialyzed overnight in the
same buffer and threefald c oncentrated with sugar in dialyzing tubing
[cut off 2 kDa). This concentrated supernatant was used as the crude
killer tootin extracts. Aliquots of concentrated supernatants containing
20% v/v gycernl were filter-sterilized through 0.22 pm pore-size m em-
brane filkers (Millipore) and stored at — 20 " Cuntil their use for killer
activity detection.

2.4. Killer mxin characerizadan

241, Molecuar weight estimarion

Amicon Ultra Centrifugal Filters [Millipore, Billerica, MA, LIS ) with
cut-off at 3, 10 and 30 kDa were used to separate proteins from the
crude extract preparation according to the recommen ded conditions
of the supplier. The killer activity concen trated 10-fold by ultrafiltra tion
flow-through of eadch different ont-offwas tested in WM a=aysagaing
. glabrara NCYC 388

242 Effea of oenologion porameters on liller toxdn stabilify

The stability of the tedn was examined by testing the residual killer
activity after 2 h incubation in each different condition. We tested the
effect of different vahes of temperarure (8, 15, 20, 26, 37, 50 °C), pH
(3.32,36,3.8, 4.4, 5,6), ethanol concentration (0, 3, 6,9, 12, 14, 163
viv), glucose concen tration [0, 10, 20, 210, 240, 280 g/1) and free 503
concentration (0, 25, 50, 75, 100, 150 ppm) employing the MWM
against O glabrata NCYC 388, YEPD was used as the general medium
and different pH conditions were obtained using a citrate-phosphate
‘busffer. After tosrin inon bation with sodium metabizilphite, the aliguats
were extensively dialyzed against a 10 mM citrate-phosphate buffer
[pH4.5) and assayed for Kller activity as previously described. The tem-
perature and pH used for the assays at different ethanol, ghicose and
S0p were 20°C and pH 45.

The stability of Td KT under senological conditions was also exam-
ined by testing the residual activity after incubation (1:10 v/v) for
T2h at 20°C in Sawvignon Blanc grape must {pH 3.7; initial sugar con-
tent, 14.6%; total 503, 150 ppm) and in Malbec red wine [pH 2.2; atha-
nol 125 v/v; total 50y, 50ppm ). After taxin incubation, the aliguots were
assayed for killer activity as previowely described. All experiments were
camied out in duplicate.

2.43. [dentificarion of cell wall putative binding sites for the killer roxdins

In order to determine the primary toxin binding sites in the yeasts
cell wall, WTM and MWM assays were performed, as mentioned
abowe. Sensitive yeast O globnota NCYC 388 growing exponentially at
207°C for 24 h [ 10° cells /ml) was treated with the killer toodns in the ab-
sence or presence of the following polysaccharides: laminarin, pustulan,
curnfulan, mannan, chitin (Sigma, St. Lonis, MO, USA) and pullulan
(Elicityl, Crolles, France). Polysaccharides [ 1 mgil) were added to the
killer taxin extract {15 AU) and incubated for 4 h at 20 °C The residual
killer activities were tested aginst the sensitive strains by WTM and
MWL

2.44. Determinadon of chitingse and #-glicanase agivites
Chitinase activity was assayed bya DNS method | Miller, 1959) using
1% colloidal chitin (w/v) as substrate. One unit of chitinase activity
[UCh) was defined as the amount of enzyme meleasing 1 pmaol of N-
acetyglucosamine [GleMAc) in the reaction mixture per hour. The
standand curve was prepared using GlcNAc
B-1.3-o-ghi@nase activity of the killer toetin was determined acmrd-
img to Wang et al_ [ 2007 ) using 025 laminarin (w/v) as substrate. The
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Optimization of killer assays

active against these undesired microorganisms seems
interesting. Hence, the use of selected killer yeasts as a
biocontrol method may be related to the improvement of
the food industry by reducing the reguirement for chemical
preservatives (5, 9, 33). In previous studies carried out in
our laboratory, the majority of yeasts isolated from spon-
taneously fermenting grape must have evidenced the killer
character (18, 29_ 30, 33). The high varability in the killer
phenomenon detected within different producer species
provides an exceptional source of antagonist yeasts to be
used in biocontrol. In particular, killer yeasts belonging to
Metschnikowia pulchermima, Wickerhamomyces anomala
(ex Pichia anomala) and Torulaspora delbrueckil species
have shown the broadest killer spectrum against wine
spoilage yeasts (19, 33).

As a general rule, most studies on killer behaviour use
the seeded-agar-plate technique based on the screening
procedure described by Makower and Bevan (23) due to
its simplicity and low cost (1, 2, 31, 41). In this traditional
qualitative (QLM) experimental approach, yeasts to be tes-
ted for sensitivity are seeded as a lawn and the yeasts to
be assayed for killer activity are streaked over the surface
of the solidified YEPD-ME agar medium. Killer activity is
then evidenced by the presence of a growth inhibition halo
of the target yeast around the killer yeast streak.

Some slight modifications in the compasition of the killer
medium were reported, including the addition of glycerol
or NaCl as well as variafions in pH and temperature (7).
However, these modifications were not adopied in general
routine killer assays. The use of NaClin the killer medium was
particulary proposed for halotolerant yeasts isolated from
olive brines, soy sauce, pickled radish, etc. (11, 16, 39).

The aim of the present work was to develop an alter-
native rapid and effective semiguantitative killer assay for
biocontrol yeast selection. The effect of the addition of
different NaCl concentrations as well as the use of serial
dilutions of each killer yeast on the detection and com-
parison of different killer yeasts against spoilage yeasts
was evaluated.

MATERIALS AND METHODS

Yeast isolates

Thirty six killer yeasts: 14 M. puichermma. 13 W. anomala
and § T. delbrueckii isolates, from the Morth Patagonian CGulture
GCollection (NPCGC, Neuguén, Argentina) were used (Tablke 1).
All killer yeasts used in this work were selected from screening
surveys on yeasts isolated from wine related environments (19,
30, 33). Im addition, we analyzed the killer activity of five reference
strains including the type isolates of the three species previously
mentioned (Table 1).

Three target strains were used: Pichia guiliemmondii NPCC
1037 and Fichia membranifaciens NPGC 1108 (both species
dlassified as potential wine spoilage yeasts) and Candida glabrata
MGCYC 388 (sensitive reference isolate).

Detection of killer activity

280

In both cases, the seeded-agar-plate technique was used. In
this technigue, each target yeast isolate is suspended in sterile
water {10* cells/mil) and 1 ml of this suspension is seeded as a
lawn onto 10 mi of molten YEPD-MB agar plales (g yeast extract
1, malt extract 3, glucose 20, peptone 2, agar 20, methylene blue

Table 1. Autochthons and reference killer yeast strains.

Killer species and reference number’ Origin
Metschnikowia pulcherrima

NPCC 1001 Red grape surface
NPCC 1002 Aed grape surface
NPCC 1003 Fermenting apple must
NPCC 1004 Fermenting Malbec must
NPCC 1005 Fermenting Malbec must
NPCC 1006 Fermenting Malbec must
NPCC 1007 Fermenting Malbec must
NPCC 1008 Fermenting Trousseau must
NPCC 1009 Fermenting Trousseau must
NPCC 1010 Fermenting Trousseau must
NPCC 1011 Fermenting Trousseau must
NPCC 1012 Fermenting Trousseau must
NPCC 1013 Fermenting Trousseau must
NPCC 1014 Fermenting Trousseau must
MNRAL Y711 Grape surface
Wickerhamomyces anomala

NPGC 1015 Wine vats surfaces
NPCC 1016 Wine vais surfaces
NPCC 1017 Wine vais surfaces
NPGC 1018 Wine vats surfaces
NPCC 1019 Wine vais surfaces
NPGC 1020 Wine vats surfaces
NPGC 1021 Wine vats surfaces
NPCC 1022 Fermenting Semillon must
NPCC 1023 Fermenting Malbec must
NPCC 1024 Fermenting Malbec must
NPCC 1025 Fermenting Malbec must
NPCC 1026 Fermenting Malbec must
NPCC 1027 Fermenting Malbec must
NCYC 434 Unknown (K3 type)
NCYC 4335 Unknown (K8 type)
MNRRAL Y386 Fermenting must
Toruwiaspora delbruecki

NPCC 1028 Red grape surface
NPGC 1029 Wine vats surfaces
NPCC 1030 Wine vais surfaces
NPCC 1031 Wine vais surfaces
NPCC 1032 Fermenting Merlot must
NPCC 1033 Fermenting Merlot must
NPCC 1034 Fermenting Merlot must
NPCC 1035 Fermenting Malbec must
NPCC 1036 Fermenting Malbec must
NRRL Y866 Unknown
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0.003, bufiered at pH 4.5 with 0.5 M phasphate-gitrate). Ditrerent
MNaCl eoncentrations (0. 1 ar 3% wiv) were added 1o the killer
medium in order o evaluate its effect in the improvemnent of killer
aefvity detection. Young cufiures (48 h in YEPD agar at 26 =C)
of both sensitive and killer yeasts wene used for Kiler assays. All
ENpEriences were camied out in tripicate.

In OLM, the seeded plates wene streaked with thick smears

of killer cultures and incubated at 18 + 2 *C for 48-72 h. The |aan

isolate was a5 sensitive when a ciear
o =
cultures streaks (23,

InOTM, 458 h cultures of all isolates bo be ested for kileractvity
wene resuspended in siedle waer (10 cellsimi) and five serial
decimal dilutions were camied outin sterie water. Five microliers
of all six corsecutive dikitions were spotted on seeded plates and
ineubated at 18 + 2 =C for 48-72 h. The diameder of the inhibition
halo around the spot was used as a measurement of the killer
aefvity. Halo areas for each sensitivetilier isolales combination
wene measured on digitelized images [Mikon Image Software
(MES) ver. 3.00), a5 previously reparted (3).

Killer yeasts were evaluated accorging ho two different con-

cepis: () efectiveness, cefined as the percentage of isolates
showing killer activity against a particular sensitive isolate over
tne toal HUMBer of yeasts [Bsted, and (i) speciiic prooucivity,
dedined as a relationship between the production of toxins [size of
tne irnibition haks) and the number of kiler cells assayed (aiquots
of known eoncentration).

The evalation of dose-response results (killer cell counts
w5, inhibition hale in mm) was camed out by lineal regression
{Sigma Piot 2000).

RESULTS AND DISCUSSION

According to previous studies carned out in our la-
boratory, as well as in other laboratones wordwide, M.
puichemima, W. anomalz and T. deitruecki kKiller yeasts
speces showed a significant inhibitory effect on tve growih
of different spoilage yeasts (6, 27, 32, 33).

In order to evaluate the efiect of NaCl addition on killer
benaviour, the three killer species previously described
were evaluated against two wine spoilage yeast strains
elonging to species P. guilienmendii [sirain NPGG 1037)
and P. membranifaciens (strain MPGS 1108) as well as

Aevisia Argentina de Microbiclogia (2010) 42 208-306

against the sensitve reference strain Candida glabrata
NCYG 388, The results using the OLM evidence an
increase in halo size in the presence of 1 and 3% (W)
MNaC1 with regard to the control (Table 2). Moreaver, in
SO0ime cases Killer activity was evidenced only when NaGl
was added to the mediurn (Table 2) (e.g. killer activity of
M. puichernma against &. glabrada), indicating that the
addition of a NaCl percentage to e killer medium can
be an interesting factor to be taken into accownt for killer
yeast sereening.

Oualitative methodological procedure (QLM) offers
some economy of labor when a large number of yeasts
are handied. However, it has been wrongly utilized in
many studies fior the oefinition of weak or strong phe-
notypes according to the extent of the halo produced by
the streak (14, 26, 40, 42). We consider that this is an
incormect extrapolation of the methodology for the evident
varation in the quantity of cells in the killer yeast sireak.
Based on this issue, we pIOpoSE 2 new SEMmiquantmtive
method (OTM) 1o evaluate killer activity which may provide
a new and improved tool for seection of yeast isolates
1o be used as potential biocontrol agents. Kilker yeasts in
kmown concentrations were assayed using aliquots of six
senal decimal dilutions from 10™ to 10° cells/ml on YEPD-
ME agar plates containing the same sensitive isolates
and the same MaGl concentrations previously used in
the QLM (Table 3). As a general rule, a gradual increase
of the growth inhibition halo was observed proporticnally
with the increasing amount of kilker cells (Table 3 and
Figure 1). Again. e addition of NaGl allowed a clearer
visualization of the halos; however a delay in the growth
of target yeasts in the medium suppemented with 3%
NaGi was also exhibited. As shown in Table 3, the hig-
hest cormelation values between dose (killer cell counts)
and response (inhibition hakos inmm) were obiained with
the aodition of 1% NaGL According to these results, the
optimum amount of 1% (wv) of NaCl was selected to be

Table 2. Killer activity (mm) at diferent MaCl concentrations of M. puchemma, W
anomaia and T. delbruecki type strains against target strains by OLM.

Target species MaCl % Killer species
{with) M. puichermima W anomale 7. gebvuecki
MRRAL Y711 NRAL Y365 MNRARL YB56
P. guilermoangii a 23+04 21+05
NPCC 1037 1 3E+02 43+03
3 30+ 11 25408
P. memb@Enifaciens a
WPCC 1108 1
3
C. glabmata o 22402 23+05
NCYC 388 1 3202 34+035 26+02
3 42+15 35+08
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Pichia anomala DBVPG 3003 Secretes a Ubiquitin-Like Protein That
Has Antimicrobial Activity”

Jessica De Ingeniis,’” Nadia Raffaelli,’ Maurizio Ciani,” and Ilaria Mannazzu®*
Istituto di Biotecnologie Biochimicke, Universita Politecnica delle Marche, Via Ranieri, 60131 Ancona, Italy';

Dipartiments SAIFET sez di Mi

Indusriale £ Ambistale, Universita Politecviica delle Marche,

iorodiodoma Ahmvm
Via Brecce Bianche, 60131 Ancona, liah™ and Dipartimerio di Scienze Ambientali A,gmne e
Bioternologie Agroalimeari, Uiiversitd degli Stucdi of Sassari, Viale Ialia 39, 07100 Sassari, lay®

Received # Aums 2008 Accepied 16 December 2008

The yeast strain Pichia anomala DEVPG 303 secretes a killer toxin (Pikt) that has antifungal activity
against Brestanomyces/Dekkera sp. veasts. Pikt interacts with - L6-glocan, consistent with binding to the cell
wall of sensitive targets. In contrast to that of toxin K1, secreted by Saccharonmyces cerevisiae, Pikt killer activity
is not mediated by an increase in membrane permeability. Purification of the toxin yielded a homogencons
protein of about § kida, which showed a marked similarity to ubigoitin in terms of molecular mass and
M-terminal sequences. Fikt is also specifically recognized by anti-bovine ubigoitin antibodies and, similar to
ubiquitin-like peptides, is not absorbed by DEAE-cellulose. However, Pikt differs from ubiquitin in its sensi-
tivity to proteolytic enzymes. Therefore, Pikt appears to be a novel nbiguitin-like peptide that has killer activity.

Afier its initial discovery in Saccharonyces cerevisiae (2), the
killer phenotype has been found in yeasis belonging to the
genera Candida, Crypiococcus, Debaryomyces, Hanseniaspora,
Hansenula, Kipeckera, Kluvveronwees, Metschnikowia, Pichia,
Rhodotorula, Schwanniomyces, Torulopsis, Trichosporos, Willi-
opsis, and Zygosaccharomyces (9, 16, 19, 25, 28, 53, 56). The
distribution of this character among natural yeast isolates and
in laboratory sirains is accompanied by killer toxins with large
biodiversity, in terms of their biochemical characteristics, ge-
netic determinanis, and spectra of action {25). In spite of this
diversity, all known killer toxins are proteins (1, 31) or glyco-
proteins (5, 11, 28, 43, 54) that kill sensitive cells via a two-step
mode of action. During the first step, the killer toxin binds a
receptor site on the cell wall of 1= sensitive target. In the
second step, which has been far less characterized, the killer
toxin is assumed o interact with receptors on the cell mem-
brane and to kill the sensitive cells via different mechanisms.
These include cell membrane permeabilization, cell cyele per-
turbation, inhibiton of DNA synthesis, and inhibition of g-1,3-
glucan synthetase sctivity (7, 14, 15, 41, 49, 53).

As the spectrum of action of some toxins has extended 1o
microbial pathogens of clinical interest, killer toxins andior
killer tomin-like antibodies and mimotopes are of great rele-
vance to medicine (8, 25). Other toxins that exert a killing
action on spoilage yeasts have interesting applications in the
fermentative (46} and food and feed indusiries (10, 11, 12, 23,
32, #4), where they can be used as “natural” food antimicro-
bials.

In a previous study, we showed that Pickia anomals DEVPG
3003 produces a killer toxin (known as Pikt) that i= active
against DekkentBrettanomyces sp. yeasts {12). These yeasts can
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develop in white and red wines, resulting in unpleasant odors
and tastes (18). Thus, they represent a major problem in the
wine indusiry. Pikt is stable at acidic pH and in a range of
temperatures between 20°C and 40°C (12), as are other toxins
produced by diffierent strains of P. anomala (25, 26, 37). More-
over, Pikt maintains its killing activity for at least 10 days in
wine. Thus, it shows potential applications as a natural anti-
microbial in the wine industry (12).

The present study investigates the mode of action of Pik:
and the biochemical properties of the purified protein.

MATERIALS AND METHDDS

Yeast struins, mefia, and growth conditisns. The veast straims used in this
stuidy are listed in Tshle 1. The media were YEPD (1% yesst extract, 2% glucose,
2% peptone, and 1LB% agar when required) for medivm-term storage a1 4°C,
YEPD 5y 2y (YEPD with 100 mM citrate-phosphate buffer, pHl 4.4, for Pila
productian), YEPD ;4 « (YEPD with 100 mM citrate.phosphate bufer, pH 4.5,
for K1 production), YEFD_; . (YEPIY with 50 mM Na-phosphate buffer, pH €,
for the production of the K lacais killer toxin), GYNB, 4 5 (2% ghcose, 0.67%
yeast nitragen base, with 100 mM citraie-phosphate bufer, pH 4.4, for Pika
parification), and malt agar (Difico, Vaigt Global Distribution Inc, Lawrence,
K5} buffered as indicated ahove for the well test assay. P aviowasle DIV 3003
and §. corevisioe DAVPG 6497 were grown at 20°C with shaking (150 mpm).
Klayveresees lacsis DBVPG 6727 was grown st 25°C with shaking (2H rpm).

Killling assays. Well tzst sssays were carvied oul as described by Woods and
Beewan {52). Briefly, 70 pl of wxin samples was Glier sterilized through
pare-size membrane Ghers (Millipore Corp., Bedford, MA) and then loaded into
welk (7-mm dizmeler) st in malt-agar plates that had previcusly been seeded
with 10 cells ml~* of 3 stmin sensitive 10 the boxin. The killing activity was
evalualed as the diameler of the sone of inhibilblon arownd the wells afier
-ﬂﬁh'ﬂ.ll“.ﬂ.-dﬁﬂ-h——n af mhibition of

l#ﬁ.'l‘hl— between the af killer

on and the: ofihe i o from ke well best was
dbihmwﬁ--ﬂ-jﬂ-[m}.mﬂ-iﬁd-h
amount of boxdn ined in T that an bale of £ mm.

One AL corvesponds. io abouwt 10 ng of killer proiein.

Toxin prodection. The killer toxins were produced in L0 liker of YEFD
buffered & required. Afler 48 h of growth, the culture broths were centrifuged
{5,000 = p for 10 min al £C), and the supemalants were microfliered through
0.45-pum membranes (Millipore Corp., Bedfiord, MA) and concentrated 100-fodd
by ultmilirtion (stirred ultrafiliration cells; Millipore Corp., Bradiord, MA)
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Kbc Glycolysis / Gluconeogenesis - Torulaspora delbrueckii
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Citrate cycle (TCA cycle) - Torulaspora delbrueckii
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% Pentose phosphate pathway - Torulaspora delbrueckii
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—Km Phenylalanine, tyrosine and tryptophan biosynthesis - Torulaspora delbrueckii
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K[ce Histidine metabolism - Torulaspora delbrueckii
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ankinuMernndensuiamoniit | ren/daxc: (044) 461-93- | ren./axc: (044) 461-93- | xapuonepepoduoi, hapmauesTnunoi, excneprusn Ne 602-123-20-
xnopua - 20,0%; 73, koa €APTIOY 73, kop €APIIOY Mikpodionorivnoi, napdymepro- 5/3349 Bin 19.02.2019 p.
234 OKTWIRUMWIMMETHIaMOHIR | 25636704 25636704 KOCMETHHHOT MPOMMCIIOBOCTI; 17 04.2020 17.04.2025

xnopuj - 15,0%;
OELHILIHMETHIAMOHIH
XI0puA - 7,5%;
JIOKTHIIHMETHIAMOHI i

xnopuj - 7,5%)

TPAHCHIOPT (B T.4. MACAKUPCBRUI
3ANI3HHYHEEH, ABTOMOOLIBHH
METPONOIITEeH, ABIAUTiHKA, L1
NEPEBEICHHA XaPHOBHX NPOIYKTiE
TOLLO), KN TAOBI | FPOMa/ICHKO-
anaMinicTpaTHeHi Gyl TOWO; ¥
nobyrorux ymosax. Onroea i
po3apibHa Topriss.

* [pumitka: Ipada 6 "Homep ceigoutsa npo nep:kasnypecctpaniionesindexuilinorozacody i 1aTa Buaaui" MacThCa Ha YBasi 1aTa BHeceHHsnesinpexuiiinorozacody B pecctp.

Tabauns 3. Pesxumu gesinderuil posunnamu sacody «Makcucan» npu pizuux indexninx

Yac eKcIIo3HIIL, XB
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1 2 5 -+ 5 6 7 8 |19 |10 11
TloBepxHi npumileHs 0,04 60 - - - - - |60| -
(mijutora, CTiHH, IBepi, 0,075 30 - - - - - 130 -
TOPYYHI TOIIO), TBEP/Il 0,09 - = 5 10 - = &
mebul, TpancnopTHi 3acobn | 0,1 10 . = 5 . - 10160 i
Tome Balsi - e - - s _te |4 36(1:0 0111::;11
0,17 - - | = - 10 . = |- £
0.2 - - - - - 30 | -] -
0,25 - 60 | - - - - - -
2,0 - - | 60 - - - - |-
Mepuune obnaanauns,| 0,04 60 n & = g - 160 -
anapat, npunaad, (B T.4.[ ().(75 30 - - - - - 307 -
amaparu BT i V3]I[ 49 R - - 10 - - - -
TONIO), XOJIoHIbHE o0na- 0.1 10 . - R . - 1060
HAHHS, Bi3KH UL TpaHc- 0’1 5 30 Iporupanns
MOPTYBAHHS  OUIM3HM i - - = 5 - ~ 27 1a6o 3ponieHHs
MEeIHIHUX BIIXOMIR 0.17 - 10 - i
0.2 - - - - 3 30 |- |-
0,25 - 60 | - - - - - | 30
2,0 - - |60 - - - |=]=
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CAHITPO®-YHIBEPCAJI-CAHALIA

3actocyBaHHs 3acoby CAHMPO®-YHiBepcan-CaHauis

3acib 3acTocoBYETLCA Y BMINA4I BOAHUX pobo4YUX PO34MHIB B KoHUeHTpauiil eia 0,1% Ao 10,0% (3a npenapaTtoM),
IO 33a/1eXuTb Bi4 BUAY 3a6pyaHeHHS, 06'ekTy | MeTu 06pobKU.
Cnocobu 06pobKKn: MPOTHUPAHHA, MUTTA B PO3YKMHI, 3aNOBHEHHSA, 3aMOYYBaHHSA, 3aHYPeHHA.

MeauuUMHa, 3aK1aau colianbHOro 3axumcTy

MUTTA ByAb-AKWX BONOrOCTINKMX MOBEPXOHb B NiKyBanbHWX, AlarHOCTUMHUX NPUMILLEHHAX | nanaTax,
MPUMILLEHHAX 3arasbHOr0 KOPMUCTYBaHHA: nianora, CTiHKW, NiABIKOHHA, ABepi, padiaTopun, Mebni, Nopy44s ToWo;

MUTTS MeAW4YHMX BMpo6iB, 3abpyaHeHnx BionorivHMMK pianHaMm nepen AesiHdekuie Ta MCO, npeaMeTie
Aornsay 3a XBOPWUMMK, CTONOBOro i 1abopaTopHOro nocyay, caHiTapHO-TEXHIYHOro yCTaTKyBaHHS;

MUTTS, BUAANEHHS OpraHivyHMX MaTepianis 3 BUpo6iB nepen AesiHMEKLUIE HaniBKPUTUYHMX MEANYHUX BUPO6IB
Ta gesiHdeKuieto i cTepunisauiero KpUTUYHUX MEAUYHWX BUPOBIB;

NCO MeAMYHMX BMPOBIB | IHCTPYMEHTIB 3aKNaais «iHAYCTpil Kpacu» neped cTepunisauicro;

MOTOYHI | reHepanbHi NpnbupanHa B 303, 3akNagax couianbHoro 3axucTty, Micuax nocTiiHoro abo TMMYacosoro
MPOXWUBAHHSA Ta iH.
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